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Measurement of the reaction p+p- +d very close to the threshold.

In the upper part of the figure the momentum vectors of the four reaction particles are shown,

where p is the direction of the beam and pl the one perpendicular to that . The target proton at rest
and the beam proton at 800 Mevfc are shown as fuii dots . The kinematical loci of the emerging two
reaction products are ellipses as shown . A typical event is indicated by the dotted arrows. The
lower part of the figure shows a density distribution of deuterons in such a polar diagram measured

with the magnet spectrometer BIG KARL . Already these raw data show the elliptical distribution of
the deuteron momentum vectors . The spectrometer has nearly 100% acceptance for the deuteron
momenta. The projection on the parallel momentum axis corresponds to the differential cross sec-
tion in the centre of mass system. For details see contribution of the GEM collaboration (page 36) .





Preface

The past year was a very successful one for both our machine and also our physics program.

Sustained efforts in accelerator development at COSY have been rewarded with many highlights.

The most outstanding of these was the successful acceleration of the proton beam up to the

design momentum of 3300 MeV/c. This enabled the EDDA-collaboration to take precise data in

pp-scattering in a continuous energy range from 0 .5 to 2.5 GeV. The remarkable quality of the

data is also testimony for the high spacial stability of the proton beam achieved during the

acceleration process . Beams with various energies were delivered to all external experiment areas.

In accordance with the needs of the experiments, the number of extracted particles was raised

significantly to 10° per spill and the extraction period lengthened beyond two seconds improving

the data quality substantially . Another achievement was the reduction in beam radius on the

targets of the experiments to about 1 mm . This is of crucial importance for the reconstructions of

vertices.

Preparation of the 0
© -Facility and its detector system, which will be used for the study of the

subthreshold K +-production in proton-nucleus reactions and the proton-induced deuteron break-

up, has advanced considerably in 1994 . The special beam tube for the installation of COSY-13 has

been implemented in the COSY-ring.

With COSY having achieved its design energy, the internal beam experiment EDDA using a large

solid angle scintillator hodoscope has entered its data production phase .A fiber target intercepting

the circulating beam during acceleration . A perfect luminosity control and precise kinematic

triggering has allowed COSY to measure the excitation functions of the spin averaged cross

section of elastic proton-proton scattering over almost the full angular range.

The spectrometer BIG KARL was used by the GEM- and MOMO-Collaborations for their first

successful runs to study pion production in different reactions . The MOMO-vertex wall behind

the target chamber, which is used to detect the coplanar pions, was completed with 672

independent scintillating fibers . The collaboration was able to identify the first events of the

exclusive pd-a 3 l-ierr + t reaction to study meson-meson and meson-nucleon interactions .



The GEM-Collaboration studied the reaction pp->dre' close to threshold . They were able to

clearly display the unique kinematic signature of this reaction in the focal plane of the

spectrometer . This success was of special importance because the remarkable results

demonstrated the capability of the new ion optical entrance system to resolve both the momentum

and also the scattering angles a prerequisite for many other experiments.

The Time-of-Flight spectrometer (TOF) went into operation in May . The most simple version has

already allowed the simultaneous measurement and reconstruction of various two- and three-

particle channels in proton-proton reactions.

The development of a polarized COSY beam has made big progress : a polarized atomic beam

source has been installed at the injector cyclotron to take up operation.

The EUROBALL project has been formally initiated by the signature of a memorandum of

understanding by the funding agencies of six European countries . The prototype of the

CLUSTER detector has been successfully completed in collaboration with the Cologne group.

The theoretical work is closely connected with the experimental program . The central issue is to

connect the physics at COSY with the research at other laboratories . For example, a method was

suggested to determine the pion structure function down to very small x which has been

implemented at HERA.

A large fraction of our successes was made possible by the accomplishments of our engineers and

technicians, the IKP service groups, and the general infrastructure of the KFA and last but not

least by our numerous Diplomanden and Doktoranden .
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Identifying pp>drz+ , pp>pnrc +, and ppappiz with a First Measurement
with the Time of Flight Spectrometer at COSY

F. Roderburg
for the COSY-TOF-Collaboration

In May 1994 a first measurement with the time-of-flight
detector and a COSY-beam of 1 GeV/c protons was per-
formed . The central detector "Quirl" [I] was mounted at a
distance of 70 cm to the liquid hydrogen target (Fig . 1) .

The "two particle" events pp>die+ have a signature which
is given by the coplanarity of the beam particle with the
scattered particles, the difference of arrival time of the 7C

+

and the deuteron, and the difference of energy Ioss of both
particles. The difference of time of flight of between pion
and deuteron is shown in Fig . 4.

Figure 1 : Arrangement of the first measurement with the

time-of-flight spectrometer.

This distance provides that both charged particles of the
reactions pp-adn+, pp>pm+, and pp>ppn° can be
detected in the central detector.
The beam was adjusted at the target point by evaluating the
spot location and size with a grid of semiconductor strips,
which have a pitch of only 0 .2 mm. The beam profile is
shown in Fig. 2 in a horizontal and vertical cut . This beam
profile is small enough to pass through the cylindrical LH 2
target, which has a diameter of 6 mm and a length of
5 mm.

Figure 2 : Beamprofile, left : horizontal, right : vertical.

The events are analyzed by the information of three
scintillators for each of the two tracks . Each track is
recorded by three time measurements with TDC's and three
enery loss measurements with ADC's, this is a 6 fold
measurement of the velocity of the particle . The direction
of the track is evaluated by a coincidence of the three
layers of the Quid as shown for a measured event in Fig . 3 .

Figure 3 : The scintillator elements which have been hitted
by a two track event are plotted.

Ö n

E ,

'L'lkg't)
.~e

	

s

	

.

	

a

	

e

	

.
t2 -:I [nsl

Figure 4 : Difference of time of flight for deuteron 71'
events.

Assuming the masses of the deuteron and the pion, the full
kinematics of the process can be calculated . The resulting
momenta vectors have to point to the ellipses, which reflect
the momentum and energy conservation . (Fig . 5) . The
remaining events, which show no coplanarity, can result
from pp-apnx+, and ppappet° (compared to these reactions
the bremsstrahlung pp>ppy is suppressed in this
momentum range by of factor of about 1000).
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Figure 5 : Measured endpoints of momentum vectors, the
small ellipses are the calculated position of the deuteron
and the pion momentum vector endpoint respectivly.

These events are analyzed by assuming the masses of track
I and track 2 to be a) pp, b) pa + , c) ep. With the measured
velocities and directions of both tracks and the assumption
of the masses, the mass of the missing neutral particle is
calculated. For each event the °°missing masses" are
calculated with the assumptions a), b), and c) . Fig. 6 shows
the resulting squared missing mass distributions . Two
vertical lines indicate the area where the neutral particle is
assumed to be the x° or the neutron . The width of the area
is due to the finite detector resolution . The hatched
distributions show the remaining events, when the events
which can be interpreted in the other distributions as
neutral particles are cut out, in case of Fig . l the upper cuts
in Fig . 2 and 3 were chosen to be 9 GeVz/c-0 [2]. ,
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Figure 6 :, Squared missing mass distributions for the mass
assumption a) pp, b) pa + , c) ip.

References:
[1] M. Dahmen et at ., Nucl . Inst. and Meth. A348 (1994)
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[2] M. Dahmen, Thesis (to be published 1995)
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Estimate of the Total Crass Section of the Proton-Proton-Bremsstrahlung
near Pion Threshold

E. Kuhlmann, H . Milller2 , B . Naumann' , L . Naumann2
for the COSY-TOF collaboration

The COSY-TOE' collaboration plans the investigation of
the proton-proton-Bremsstrahlung (ppy) with a sufficiently
high precision to study off-shell effects of the nucleon-
nucleon scattering near the pion threshold [1] . To under-
stand the influence of the background reactions on the
investigated nuclear process it is important to know the
order of magnitude of their total cross sections . The aim of
this study was to estimate the total cross section of ppy at
proton beam energies of about 300 MeV . By Rothe et al.
[2] a total cross section for ppy of at°F = (0 .7±0 .15) lib was
obtained at 204 MeV for a photon energy of E Y > 35 MeV.
At TRUMP [3] and Bloomington IUCF [4] differential
cross sections had been measured at 280 MeV and 294
MeV, respectively . The TRIUMF data were obtained with
the help of a coplanar spectrometer, where all three
scattered particles had been detected . The IUCF data were
measured with a noncoplanar spectrometer geometry . Both
outgoing protons were constrained to angles from 4 .8° to
12° and kinetic energies between 20 and 120 MeV.

Hadronenphysik

	

The Bremsstrahlung had been selected by a missing mass
procedure . Authors of the IUCF data noted a good agree-
ment between the pure phase space distribution and the
shape of the data [4] . We generated phase space distributed
events for the [UCF kinematic conditions taking into
account a scattering angle straggling of 1 .2°, a momentum
resolution of 8 % and the quadrupole character of the
radiation . For the three angular distributions the calculated
differential cross sections are shown in Fig . 1 . They were

normalized with an averaged total cross section of a t°t = 9
µb. The averaged error of this value has been obtained to 3
jib . The result of similar calculations for the TRIUNE data
at proton scattering angles about 12° is in a good agree-
ment with the one above . The estimate of the total cross
section has been carried out in the framework of the pro-
gram AFK .INE [5] based on the General Simulation pro-
gram FOWL of the CERN Program Library.

50 100 150
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y
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0 50 100 150

Oy [veg3
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Differential cross section for ppy in the laboratory system . The data correspond to [4] and the curves to a phase space

distribution, normalized with the averaged total cross section a t°i = 9µb.

References :.
[1] W. Amian et al ., COSY Proposal No . 9 (1989)
[2] K .W. Rothe et al., Phys . Rev . 157 (1967) 1247
[3] K . Michaelian et al ., Phys. Rev . D41 (1990) 2689
[4] B. v . Przewoski et al ., Phys . Rev . C45 (1992) 2001

[5] B. Naumann et al ., Annual report 1992, FZR 93-10
(1993) 69

T.U. Dresden, Institut für Kern- und Teilchenphysik
2 Forschungszentrum Rossendorf, Institut für Kern- und

7



On the way to Hyperon Production at the COSY Time-of-Flight Spectrometer

W. f?YRICIt, J . IIAUFFE, R .-A . KRAF-C, A. METZGER, M . MOOSBURGER, R . SPERL, F. STINZtNG, S . W IR"rfI

Physikalisches Instill€t, Universität Erlangen-Niirnberg
for the COSY-TOF Collaboration

A proton beam was first transported into the area of
the time-of-flight spectrometer at COSY in may 1994.
As fig.l shows the beam with a momentum of
1 GeV/c could be focussed on a spot of about 1 mm
diameter, monitored by different arrays of silicon
microstrip detectors and . scintillating fibres .

Fig .4 shows the e0-z p-distribution for a sample of two
track events where only the information of the fibre
hodoscope is used . The sharp peak corresponds to the
elastic scattering on hydrogen . The small background
is mainly due to reactions on the . carbon content of the
used Cit2 -target .
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Fig .l : beam profile at the focus of the TOF-beatnlitte,
measured with silicon microstrip detectors (resolution
200 phi)
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After the beam preparation the "Erlangen Staridetector"
in combination with the "Eilich Quirt" was used for
first test measurements towards the associated hype-
ronproduction in the reaction pp e K`Ap. In fig.2 the
scheme of the startdetector system consisting of two
segmented layers of scintillators, a ring microstrip
detector and a hodoscope of scintillating fibres is
shown together with a pp - K'Ap Monte Carlo event
with subsequent decay A

	

par-.

Due to the relatively low momentum available up to
now for the external COSY beam, the threshold of the
KA-production at 2.34 GeV/c could not be reached.
However the performance of the detector system could
be tested in detail especially by investigating the
elastic scattering . pp -> pp and the pion production
pp -> rr`d . The results of these analysis confirmed the
design parameters of all detector components . In fig .3
a typical elastic event is shown in a 0-p-projection.
The two colinear tracks can be clearly recognized by
the "crossing points" of the different detector elements .

scintiliator

	

Si-microstrip

	

scintillator

Fig .2: 'Erlangen startdetector": detector setup and
Monte Carlo event pp e K¢Ap - K $par p

An important feature of the startdetector system is its
time resolution . Using the two segmented layers of
scintillators in the case of one track events an effective
value of about 450 ps (FWHM) was obtained ; for
events with two tracks as in the A-production a resolu-
tion of about 300 ps (FWHM) and less can be extra-
polated.

The most important point for the observation of the
hyperon production is the reconstruction of primary
and secondary vertices. Using the information of all
detectors of the Erlangen system and the Quirl one
gets a vertex resolution of 1-2 mm (FWHM). Ho-
doscope and quirl information are sufficient to achieve
a resolution in vertex reconstruction of about 5 min.
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This ensures the posibilltiy to reconstruct the delayed
A-decay vertex.

During the test runs it was also shown that the trigger
for the hyperon production pp -e K*Ap, based on the
increase of charged tracks in the A-decay, yields a
sufficiently strong suppression of background events .

Fig .4 : reconstructed two prong events as a function of
relative angles

Fig .3 : eventplot in theta-phi-project ion, elastic scattering

Moreover extensive Monte Carlo investigations have
clearly shown that the existing setup of the Erlangen
Startdetector system together with the Quirl (distance
of about 1 m) covers the full phase space of the reac-
tion pp K'Ap from the threshold up to 3 .3 GcVlc

with high efficiency.

Altogether the test measurement at COSY shows that
the existing apparatus consisting of the Erlangen
detector system together with the Jiilich Quirl satisfies
all requirements for successful hyperon production
runs.

In September 1994 COSY reached its design momen-
tum of 3 .3 GeV/c. The I'OF-collaboration is now
waiting for an extracted beam with momentum above
the A-production threshold .
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A UV-Laser based Test System for the COSY-TOF-Spectrometer

B. Hermanowski ' , J. Krug s , R. Loke ' , B . Naunaann2, L . Naumann2
'Ruhr-Universität Bochum, Institut Ihr Experimentalphysik I

2Forschungszentrum Rossendorf e .V., Institut für Kern- und Hadronenphysik

For online-monitoring and calibration purposes we are
developing a UV-laser based test system [1] . The UV-light
is led and distributed to scintillator counters by optical
fibres, where light pulses similar to those originating from
charged particles are produced . To obtain a uniform
distribution of propagation time and light intensity in all
detector channels we constructed a dedicated reflector head
to couple the fibres to the scintillaton counters (fig.1).

It consists of a support to fix the fibre, an aperture and a
mirror (alu mylar foil) to reflect the light towards the
photomultiplier . By adjusting the mirror it is possible to
regulate the Iight intensity. A setup of 32 fibres was
connected to the counters of the start detector and tested
during a test measurement in december 1994 . The results
we achieved are shown in figures 2 and 3.

Figure 1 : Schematic drawing of the reflector head

Figure 2 : Typical TDC and QDC histograms of one channel . The time resolution is in the order of the intrinsic one of the
photomultiplier XP2020.

100

oa *11 000
®®0

®

009000®8

20

	

30
channel

u) 450

400
O

U 350

300

250

200

150

100

50

so .es i b
Co.,;cn ;

	

234 .1 .

uro

	

sa.ca
$icnc

	

.'9,9 [

0

	

'
	 l	 c	 '	

	

52

	

53

	

54

	

55

	

56

	

57
propagation Urne / ns

Figure 3 : Time spread and light output of all 32 channels of the start detector.

Reference:
jIj P . I-Iermanowski, Diplomarbeit, Bochum 1993

R. Loke, Diplomarbeit, Bochum 1994
P. Hermanowski et al ., AR, FZ Rossendorf 1992 and 1993
This work has been supported by the BM@ FT and `A

-10-



Test facility for methodical investigations of long scintillator strips for use in the
COSY-TOF-Spectrometer

P. Michel ' , K . Möller 2 , A. Schamlott ' and A. Schülke '
for the COSY-TOF collaboration

In next years a step by step extension of the COSY-
Time-of-Flight spectrometer [1] is planned towards the
final version of a 4r detector.
The existing component of the endcap (central hodo-
scope) and the component presently under construc-
tion (ring-like hodoscope) consist of three layers of scin-
tillating elements (one layer of wedge-like elements and
two layers of right- and left-twisted Archimedian spirals
correspondingly) . Position determination is achieved by
arranging the elements such as to form a grid of trian-
gular pixels.
Au analogous configuration for the barrel sections (one
layer of straight scintillator strips, two layers right- and
left-bend strips correspondingly) turned out to be pro-
blematic because of the light pulse attenuation length
in the bend elements being to small and because of tech-
nical difficulties in manufacturing the four meters long
bend scintillator strips.
Therefore there was the necessity of looking for an al-
ternative concept avoiding the problems mentioned on
one hand and maintaining the good spatial resolution
properties determined by the geometrical pixel struc-
ture of the original version on the other hand.
In the new concept special care was taken to solve the
problem of on-line position determination.
In a first step towards the realization of the new concept
a methodical measurement was performed at CERN (2]
to test two-sided read out of long straight scintillating
strips using minimally ionizing particles . The position

information of the detected particle was deduced from
the signal time difference between the two ends.
A time resolution of a = 0 .45 ns and a corresponding
spatial resolution of e = 5 cm were obtained.
The on-line position measurement was carried out by a
newly developed real time to digital converter (RTDC)
[3] with conversion times in the range of a few nanose-
conds.
From the test measurements at CERN one can draw
the preliminary conclusion that the new concept could
be an alternative for the original one.
The new concept would mean that the three layer ar-
rangement can be replaced by a single layer consisting
of straight elements only.
The final decision, however, on whether to realize the
new concept or not requires the solution of quite a num-
ber of additional problems such as

1. Technical realization of 90 0 -read out

2. Check of the suitability of the existing light guide
vacuum flanges

3. Vacuum behaviour of detector materials

4. Compensation of mechanical expansion of scin-
dilator material caused by temperature increase

5. Ageing processes of scintillators under vacuum
conditions

To investigate these problems a test facility was desi-
gned and manufactured (fig . 1).

Fig . 1 : Test facility for the investigation of long scintillator strips
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Its main component is a vacuum vessel which consists of
three segments with total length of 3300 mm and inner
diameter of 500 mm.
Each segment has three radial flange connections
(IC250) for attaching the light guides.
Different combinations of the segments in addition to
different flange positions allow to adapt the apparatus
to scintillators up to a length of 3280 mm.
The configuration shown in fg.l is adjusted to test scin-
tillators of maximum length.
For the investigation of the vacuum behaviour of the
detectors the vessel can be avacuated down to high va-
cuum values of 10 -8 mbar by means of a turbomolecular
pump of type TIJRPOVAC 450 (Leybold).
To generate fine vacuum the central fine vacuum pipe
system of the laboratory is used . To perform ageing in-
vestigations of the detector materials pressure values in
the range of 10 -1 to 10-4 mbar must be kept constantly
for long time periods (weeks).
The pressure control in this case is carried out by a feed
back system using pressure sensors (Pirani, Penning), a
computer programmable control system (type OMRON
CQMI) and an adjustable magnetic valve.
The computer control of the system allows to automati-
cally perform the following modes of operation: fine va-
cuum, high vacuum, pressure control, venting, standby
and error checks .

The control of the vacuum system is carried out menu-
driven with a touch screen display (type OMRON
NT20).
The control programm comprises different options of
diagnosis such as long term recording of measured va-
cuum data and automatic measurement of leaking and
degassing rates.
To determine the influence of temperature changes on
the detector elements a possibility is provided to heat
the vacuum vessel.
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Test of the COSY-TOF-start-detector MAILS at the COSY beam

A. Schnike', E . Kuhlmann2 , P. Michel ' , K . Möller 2 , B . Naumann ' , L . Naumann ' and A. Schamlott'
for the COSY-TOF Collaboration

The first beam time at the COSY Time-of-Flight spec-
trometer TOF in spring 1994 with a 455 MeV proton
beam was used mainly to perform functional tests of
the various components of the spectrometer.
In this first test measurement the TOF spectrometer
was used in a configuration consisting of the central-
endcap-hodoscope (stop detector) and (alternatively)
one of the two versions of the start detector [I],[2].
Here a short account is presented on the results of me-
thodical investigations of the Rassendorf start detector
MARS. The configuration used in the measurements is
shown schematically in Fig .1.

Fig . 1 . bcnematicai view of the configuration used in
the first measurement

In this configuration the complete B-ring and four ele-
ments of the A-ring of the start detector were used . The
four segments of the A-ring were arranged in a cross-
like geometry . They served for monitoring the primary
beam.
From beam diagnostics as well as data analysis it tur-
ned out that the (up to now uncooled) beam was not
of the desired quality. Data analysis revealed that only
6% of all hits detected can be assigned to pp-reactions.
All other hits had to be discarded since there was no
geometrical link between target position, B-ring and
the central hodoscope for these hits . This means that
the particles registered originate from beam halo rather
than nuclear reactions.
Since TOF is a time-of-flight spectrometer one of the
crucial properties of the spectrometer is the time reso-
lution . In Fig .2a a TDC spectrum is presented showing
the time of flight between a start detector segment and
a certain pixel of the central hodoscope (timing infor-
mation is extracted from the wedge-like element) . The
TDC spectrum was generated in data analysis on the
basis of the parasitic beam halo particles because these
particles have a small energy spread. The time resolu-
tion obtained under these conditions turned out to be
1-6 ns (FWRM). This time resolution is composed of
both the start and the stop detector resolution . The
arrangement used in the test measurement did not al-
low to separate the time resolution of the start detector
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Fig. 2b: Start detector ADC spectrum

from the total resolution . In fact there was no necessity
to do . this since the time resolution of the start detector
had been measured accurately under clean conditions
in an earlier experiment [1].
As concerns the energy resolution of the start detec-
tor (Fig.2b) so it is quite satisfactory with signals well
above noise.
In a. next step the geometrical adjustment of the start
detector was investigated . Neighbouring segments of
the start detector B-ring are designed to have small
overlap to assure 100% efficiency if it is operated as
a veto detector (5] - Fig .3 illustrates a central pro-
jection of the overlap regions of the B-ring measured
with particles arising from the target point . The signa-
ture chosen for this projection was two hits (Mrs = 2) in
neighbouring segments of ring B . The obvious left-right
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Fig . 3 : Central projection of the overlap regions of the
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line corresponds to elastic pp-scattering . It is obvious
from Fig .4 that elastic scattering can easily be separa-
ted from background.
In Fig .5 as an example the hit pattern of an elastic
event is shown (2 hits in the start detector B-ring, I
hit in the stop detector).
For data analysis an adapted version of the Bochum
TOF data analysing program system was used which
was developed by members of the Bochum-TOF-group
on the basis of a program package from M . Gasthuber
(University of Hamburg).
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asymmetry in Fig.3 is caused by beam imperfections
(asymmetric beam halo).

The results of the data analysis of the measurement
are represented in form of a correlation matrix (coinci-
dence matrix) for the start detector segments (Fig .4).
This kind of representation was introduced in connec-
tion with an earlier test of the start detector MARS
[5] . In Fig .4 all those hits are represented of the total
bulk of data which fulfill the 2 conditions indicated in
the picture . Condition 1 says : 2 particles are registered
(one hit in the B-ring, one hit in the central hodoscope)
with relative azimuthal angle A4.'aa > 90° . Particles
fulfilling condition 1 correspond to the entries on the
main diagonal in Fig.4 . Part of the hits on the main
diagonal (with signature A(psQ s: 180°, d0 < 16 .5°)
are due to elastic pp-scattering.
The hits of the coincidence matrix outside the ma-in
diagonal correspond to condition 2 . According to this
condition two particles are detected in ring B with one
of these particles registered additionally in the central
hodoscope. The main feature of the coincidence ma-
trix is the straight line starting at the point (0,8) . This

0
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Computer Controlled Vacuum System for the COSY-TOF-Spectrometer

R. Klein, P. Michel ' , K . Möller2 , Ch. Nake, B . Naumann' , L . Naumann ' , A. Schamlott 1 and A. Schülke l
for the COSY-TOF collaboration

To minimize background production, energy loss and
multiscattering the start and stop detector components
of the COSY-TOF-spectrometer [1] are placed in a mo-
dular vacuum vessel with a maximum volume of 60 m 3 .
Vacuum pressure less than 10-2 mbar is necessary for
precise nuclear physics experiments . The installation
of the LH 2 -target [2] in each of the two versions of
the start detector [3,4] requires a sufficently low va-
cuum pressure in the order of 10-5 mbar around the
cold target cell to suppress the growth of residual gas
condensates at the target windows [5] . Such condensa-
tes would falsify the original composition of the target
material . The spectrometer vessel operates at fine va-
cuum conditions (10 -2 mbar ) . Between the Rossendorf
start detector and the vessel a Mylar foil is installed to
separate the high vacuum and the fine vacuum regions.
To reduce background from the primary beam the

The layout of the COSY-TOF-spectrometer vacuum sy-
stem is shown in fig .'.
To make the control system independent of operator mi-
stakes or system crashes a memory programmable con-
troller - system OMRON [6] - was chosen . It consists of
a CQM1 central processing unit and a lot of binary and
analog I/O-units . A pseudo graphical touch screen pa-
nel (OMRON NT20) is used as a modern user interface.
Controller unit, touch screen panel, vacuum measuring
device and contactors for the pumps are housed in a
19 inch crate . The electropneumatic valves are control-
led by 24 V DC.
At changing the experimental set-up it is necessary to
separate the control and the vacuum system . Therefore
all pumps except the turbo molecular pump and most
of the valves are placed on a mobil platform and the
control system is mounted in a mobil rack in the TOF

Fig.l : Schernatical layout of the COSY-TOF-Spectrometer vacuum system
V - valve; P - pump ; M - vacuum gauge;

Mylar foil was chosen as thin as possible (20 Am) . To
avoid limitation of the acceptance of the spectrometer
a large area foil is necessary ( 0600 mm) . In the normal
working regime of the spectrometer the pressure diffe-
rence between the start detector and the vessel is small
and no visible deformation of the foil occurs . But if
in the case of technical trouble the pressure difference
rises to a few millibars the foil is deformed substanti-
ally. This can lead to serious damage of the sensitive
start detector elements (hollow light guides, target cell
etc .) . For this reason a bypass valve (V6) is provided
to limit the pressure difference between the start de-
tector chamber (M2) and the vessel region (M3) . To
automate vacuum equipment as a whole a computer
controlled system was designed and installed .

area.
For remote check of the vacuum system while the beam
is active it is possible to display the system state, mea-
suring values, recording informations and errors via a
V24-line on a PC in the TOF counting room.
To avoid mishandling by unauthorized persons a remote
control of the system from this room was not installed
intentionally.
The control of the vacuum system is carried out menu-
driven with the touch screen panel . The main menu
entries FineVac, High Vac and Venting make it possible
to evacuate as well as to ventilate the vacuum system
automatically. In these modes of operation a complex
error supervision is active which controls the following
conditions:

-15-



pressure difference between the two recipients

- limit positions of the valves

response signals of the pumps (e .g . overload)

- trouble information of the vacuum measuring de-
vice

- availability of compressed air

- 24 V DC power supply

All these errors cause closing valves (except bypass
valve), opening the bypass valve and switching off the
pumps.
If the high vacuum is reached an enable signal is genera-
ted to allow filling the LH 2 -target . For venting a signal
"LII2 - target empty " is required, moreover a signal for
COSY-Control is generated. In the Service mode each
valve and each pump can be steered separately . The
system state and the pressure values can be displayed.
The error supervision is suppressed . This mode is pro-
tected by a keycode, so an unintentional operating is
impossible . In all operating modes the state of the va-
cuum system can be displayed in a vacuum scheme . It is
also possible to store and display all pressure values over
the time ( up to a time scale ofa few days - Recorder,
see fig . 2) and to show pressure gradients for instance
to measure leaking rates or the pump performance.

Fig . 2 : Recorder information of vessel pressure
(displayed on the NT20-panel)

The described vacuum control system was tested suc-
cessfully during a two weeks COSY-TOF run in 1994.
It is planned to integrate the LH 2 - target handling into
the control system in near future.
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Residual Gas Analysis of the Liquid Hydrogen Target in the Start Detector Device
of the COSY-TOF-Spectrometer

R. Klein, Ch . Naive, B . Naumann, A. Schamlott' and P. Turek
for the COSY-TOF collaboration

The installation of the LH2 target [1] in the start detector
vessel [2] of the COSY-TOF-Spectrometer requires a
sufficiently low vacuum pressure, to suppress the growth of
residual gas condensates at the target windows . In a first
step the components of the residual gas inside the start
detector vessel were analyzed after a long pumping
duration, when the total pressure reached the asymptotic
limit of approximately 3 . 10~mbar. This measurement was
carried out with the Transpector Gas Analysis System from
Leybold Inflcon Inc. [3]. The mass spectrum of the residual
gases is shown in Fig . 1 as a pattern of peaks on a plot of
ion current as a function of ion mass to charge ratio . To
calibrate the mass to charge ratio, nitrogen gas was
additionally filled in the vacuum vessel . The dashed line in
the mass spectrum shows a growth of peaks in the channels
for nitrogen. The partial pressures of the major residual
gases were calculated from the mass spectrum and are
shown in Table 1.

Figure 1 : Mass spectrum of residual gases in the start
detector device [4].

Table I: The partial pressure of residual gases calculated
from the spectrum in Fig . 1.

In a second step the contamination of the windows of the
liquid hydrogen target with the main residual gas compo-
nents was investigated . The target cell filled with liquid
hydrogen at 16K and 200 mbar was mounted in the start

detector vessel with a total pressure of 3 . 10"' mbar . Water,
nitrogen and oxygen were frozen out on the cold target
surface and an ice layer became visible . The contamination
of the hydrogen target increases with the exposure time for
3 . 10'6 mbar as shown in Fig . 2 . The time duration to eli-
minate the contamination of nitrogen and oxygen by target
heating is just 5 minutes and for water 1 hour.

Figure 2 : Calculated percentage of hydrogen atoms to all
atoms in the target region for various target
length: a- 10mm,b-5mmandc-Immat
total pressure 3 . 10'6 mbar for window foil
thickness of 2pin; solid lines : all hydrogen
atoms were considered ; dashed lines : only the
well defined number of hydrogen atoms from the
target volume and the foils are taken into
account [4].

Because proton-proton cross section measurements with
high accuracy at the COSY-TOF-Spectrometer require
well defined hydrogen targets of high purity, the target
contamination must be suppressed . There are some
possibilities to do that:
- to improve the vacuum (p<10' ' mbar);
- to., eliminate the ice layer by heating (TaI70K).

FZ Rossendorf, Dresden
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Ion Optical Investigations in the Extraction Beam Line

P. Jahn, M . Moosburger* ; B . Naumann**, M . Rogge, M. Steinke***, R. Toelle

The beam line to the Time of Flight experiment (TOF)
consists of four sections (Fig. 1) . The layout is described in
[1] . A few properties of the sections together with some
useful beam handling procedures are indicated here .

If the waist of the beam entering the last four quadrupoles is
far away (typically more than 50 m) . In this case the accep-
tance is limited by the beam tube in the vertically deflecting
dipoles BE34 and BE35.

Fig . 1 : The four sections in the extraction beam line from COSY to the TOF experiment with dipoles (BE), quadrupoles (Q),
steerers (S) and multiwire chambers (MW).

The first section (I) matches the beam properties of COSY
to the properties of the following sections, to transport the
beam in an economic way to the experiment.

A two steerer method was applied to adjust the beam in
position and angle near the entrance of the beam line . In this
case the magnetic septum is used as a first steerer to adjust
the beam in the middle of the second steerer SH10, which is
imaged (in the optical sense) on a position sensitive device.
So the center of the beam in SHIO becomes directly visible.
Then the angle is adjusted by the second steerer . The beam
of COSY deviates 8 mrad from the axis of the beam line,
depending somewhat on the extraction conditions . Calibra-
tion of the quadrupoles is described in [2] . In the thin lens
approximation one has

l/f=a I/p

with a= (0.0108 at- 0 .0002) [(GeV/c)/(m. . A)].

The following section (II) contains four dipoles . The cali-
bration for the dipoles is measured to be I[A] = (142 .9

0.8) p [GeV/c] . A deviation in horizontal angle of 4 .3 mrad
is observed at thethe end of ââ }V 11 theBn30 ifi ~ic _t_d toposition Si indicated to
be central on the next position monitor MW14 . At the mo-
ment the reason for this is not understood . We recommend
to adjust the beam to be central in the next quadrupole Q15
(no steering) rather than central on this monitor.

Tne two dipole section (III) can be adjusted by turning the
beam around a point on the position monitor MW31 . This is
the case if dl (MDBE31)/dl(MDBE32) = - 0 .657 is in good
agreement with the inverse distance ratio of the dipoles to
the monitor r = 0 .64 . The vacuum chambers near the dipoles
13E31 - BE32 are limiting the acceptance.

After some mechanical changes it is now possible to feed
the beam into the last section (IV) before TOF. The optical
properties of this section allow radius of the beam spot on
the target r < 0 .8 mm only .

The matrix elements calculated with the program
TRANSPORT [3] are in agreement with the current settings
to about 1 To . A dataset containing all current settings is
listed in file ex941212 .ppic in the COSY control computer.
Emitance measurement of the beam from COSY show that
the transport of the total beam can not be expected . The
beam path brings a beam of appropriate extension to TOP,
but it is not yet optimized in all details . An example for the
size of beam spot on the target in TOF is shown in Fig . 2.
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Weak Strangeness Production at COSY

T. Sefzick for the TOF-collaboration

Reactions with strangeness non-conserving A-production
would allow the observation of a pure weak process not via
interference effects but in a clean direct way . It has been
proposed [I] to measure the strangeness violating weak
A-production at COSY-TOF in the reaction dp-# App.
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Figure 1 : Quark line diagrams of weak A-production

Hypernuclei decay experiments are somehow the inverse.
They have shown that a simple description of the un-
derlying decay process is not sufficient : A decaying into
nucleon and pion, with the pion interacting with a neigh-
bouring nucleon. This simple model incorporates a spin
and isospin dependence caused by the pion exchange, a
dependene which is not seen in the experimental data.
Additional processes have to be taken into account, for
instance e-, p-, w-, or Kaon-exchange [2] . In order to ob-
tain any experimental data about these decay modes which
obviously cannot be seen in a free A-decay it would be
favourable to have a reaction where this weak process
could be seen isolated and not inside a nucleus . A so-
lution seems to be the weak strangeness production in
nucleon-nucleon scattering, i .e . A-production below any
strangeness conserving energies.

The reaction has a very low cross-section . Tne branch-
ing ratio can be estimated from the ratio of typical
time constants for hadronic and weak interaction to be
10- 23 s~10 1e s ti 10-13 (see also [2]) . It is obvious that
for a measurement an extremely clean environment is
needed . This might be obtained by two conditions: first, a
reaction which runs at an energy below any threshold of
strangeness conserving strong A-production, second, the
A-decay which is the main signature for strangeness iden-
tification must happen in vacuum in order to avoid back-
ground reactions which could fake a A-decay . The first
condition is fulfilled by the reaction dp-4 App . Its thresh-
old of 1 .5406GeV/c is far below strong A-production
even on heavy nuclei (1 .726 GO/lc) . The advantage of
measuring d on p instead of pd--~ App is the fact that the
emission angles of all particles (except the decay pion)
are below 35 0 in the whole measurable momentum range.
The second point is fulfilled by using the TOF-detector
with its internal vacuum.

We want to begin these studies with the same setup like
for pp --* pK ¢A, a reaction which is already included in
the experimental program of COSY for 1995 [3] . Here,

the experiment consists of the liquid hydrogen target with
a small start detector behind it . The following rectangular
scintillator hodoscope in combination with the outer de-
tector elements 'quirl', 'ring', and 'barrel' (all 3-layer
scintillator hodoscopes) will allow a precise track re-
construction and time-of-flight measurement . A limit of
< io-9 for the branching ratio should be rather easy to
reach like this.

Figure 2 : Target and decay spectrometer

For higher sensitivity we plan to improve the detectors
step by step and finally use the experimental setup pro-
posed for hypertriton lifetime measurement [4] . Follow-

ing the liquid hydrogen target a stack of silicon counters (a
decay spectrometer) with a 'quirl'-like surface structure
is used for track and therefore decay vertex determina-
tion. These silicon disks with -70mm diameter will be
mechanically and electrically supported by cones made
of copper plated capton foils . A spherical scintillator ho-
doscope covering 2rr in laboratory system surrounds the
inner detector section. In conjunction with the outer scin-
tillator hodoscopes it allows for precise track reconstruc-
tion and time-of-flight measurement also for decay pions.
An additional energy detector behind the 'quirl' will im-
prove energy resolution.

Figure 3 : Spherical scintillatorhodoscope containing tar-
get section

References:

[1] Letter of Intent 33 for the TOF-experiment at COSY
[2] Haidenbauer, Holinde, Thomas, this report
[3] Proposal 15 for the TOF-experiment at COSY
[4] Proposal 32 for the TOF-experiment at COSY
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Monte Carlo Studies for Recent COSY-TOF Experiment Proposals

P . Cloth, V. Drake, D . Filges, K . Kilian, G . Sterzenbach
for the COSY-TOF collaboration

Several experiments in the field of strangeness production
have been proposed to be performed in a modified version
of the time of flight spectrometer TOF at COSY /1,2/.

Monte Carlo studies have been made to verify the feasibil-
ity of these experiments regarding acceptance, resolution,
and separation against competitive reaction patterns . The
following reactions were objects of the study:

1. dp > ppA

2. pd>K{3 H„

Both cases are characterized by the occurence of delayed
particle decay, so that the detector is triggered by particles
of different type and origin. Therefore the detector must be
enabled to distinguish between different particle types and
origins.

To find the origin of a particle, its track must be detected
in at least two points, and the directional information of
adjacent particles has to be used in a vertex reconstruction.
For particles coming from the primary collision the vertex
must be located within the target . A start detector near the
target can provide the directional information . Decay
products on the other hand may be generated outside of the
start detector or may escape between the layers of the sug-
gested start detector, which has been designed as a stack of
Si-disks, having a whirl-like readout structure . Thus, for
decay products an additional detector component, designed
as a 3 layer whirl-like scintillator hodoscope, has been
introduced to provide the start signal for the time of flight
measurement and spatial information for the track and
vertex reconstruction.

a set of reconstruction routines to be tested in the MC
environment.

Thus, IiC4 can be used to compare reconstructed events
with true events (coming from MC), to study the quality of
reconstruction methods and the influence of technical
parameters of the detector.

Looking at the recaction dp ppA we introduced the
geometry of the new detector elements into the application
code used for the standard TOF design. Figures 1 and 2
show a schematic view of the two different setups which
have been compared .

Setup 1

Barrel

	

Rina

Sphere

Target -Da [Imu
Si-Stac

Quirt

0

Fig. 1 : Experiment setup I with scintillator calorimeter
Recognition of different particle types requires measure-
ment of the complete four-momentum of the particles . The
time-of-flight method only provides information about B.
The simultaneous measurement of the energy loss allows to
distinguish between particle types, but significance
depends strongly on the quality of both measurements . A
scintillator calorimeter, stopping the particles in forward
direction gives an absolute measure of the particle energy
with a design resolution of 4% .

Setup 2

Rin
Barrel . .

Sphere

In our studies we used the MC4 program. MC4 integrates a
set of Monte Carlo routines for the simulation of

primary collisions,
particle tracking in standard geometries,
and interaction with matter with an application
dependent set of routines used to
describe non-standard geometries,
describe the technical behaviour of the detector as

light attenuation in scintillators,
thresholds,

- etc,
generating data similar to the data recorded by a data
acquisition system in a real experiment

Quir

Fig . 2 : Experiment setup 2 (time-of-flight setup)
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Setup 1 covers a greater solid angle . The measurement of
protons coming from the primary collision is fairly good,
because of the energy resolution of 4% in the scintillator
calorimeter. The energies of decay products are rather
approximately measured because they are measured with
the time-of-flight method, and the flight distancies are
rather short.

Setup 2 gives better results for the time-of-flight measure-
ments but the backward angles are not covered at all and
the calorimeter is removed because of its small solid angle.

Figure 3 shows the missing mass reconstruction of the

A particles alone with the acceptance rates for the recon-
struction of the production and the decay term . The overall
efficiency of the system is determined by the weakest part
of the reconstruction. Figure 4 shows the same for setup 2.

As mentioned above, some assumptions have been made
for the behaviour of the non-existent detector components:
- The calorimeter resolution has been set to 4%.

The time resolution of the spherical scintillator hodo-
scope has been neglected .

Fig . 4 : Missing mass reconstruction of A in the setup 2-
experiment

Fig. 3 : Missing mass reconstruction of A in the setup 1-
exeriment

On the other hand track and vertex reconstruction can still
be improved using fitting routines after a careful study of
the typical errors in the new components and by taking
into account special cases like decay products stopped in
the calorimeter or the sphere for which a much better
energy reconstruction can be achieved.

Looking at the reaction pd - K+ 3HA (hypertritium pro-
duction) we used the geometry outlined in setup 2 . The

final state particle 3HA decays in two modes of unknown
fraction :

1 . 3 HA -> pdsr

2 . 3HA -a 3H ~

The decay modes were tested in separate runs . Thus 3HA
can be reconstructed using

the K+ and the beam momentum
the measurement of the final state particles of decay
mode 1
the measurement of the final state particles of decay
mode 2

Figures 5 and 6 show the results of the missing mass
reconstruction.

In both cases the K+ can be used to improve the recon-

struction resolution . The acceptance is a function of the
decay channel reconstruction, because only the decay
channel provides a unique pattern to recognize the reac-
tion.

Figure 7 illustrates the capability of MC4 to compare
reconstruction results with true events . Shown here are

differences of the reconstructed 3He 4-momentum and the
true Monte Carlo values.

References:

Ill H. Nann, Proposal 32, Measurement of the life time

of the Hypertriton 3HA

/21 T. Sefzick, Proposal 33, Weak Production of A-
Particles at COSY
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p d > K ¢3H A p d ~i K
+3 HA

Reconst . errors 3 He

Fig. 5 : Missing mass reconstruction of 3HA in the setup 2-
experiment. The different used reconstruction
modes are shown .

Fig . 7 : Differences of the „measured" and calculated 4-
momentum vector components of the 3He final
state particle

p d ---> K¢3HA

Fig . 6 : . Missing mass reconstruction of 3 HA in the setup 2-
experiment . The different used reconstruction
modes are shown,



The EDDA Experiment : Proton-Proton Elastic Scattering
Excitation Functions at Intermediate Energies [I]

J . Bisplinghof#a , F . Hinterbergera and W . Scobel b for the EDDA collaboration [21

The EDDA experiment is designed to provide a high
precision measurement of proton-proton elastic scattering
excitation functions ranging from 0 .5 to 2 .5 GeV of (lab)
incident kinetic energy . It utilizes the proton beam of the
cooler synchroton COSY operated by KFA Jülich.

EDDA is meant to make a significant contribution
to the global proton-proton phase shift analysis, particu-
larly in the energy domain above 1 .2 GeV, where existing
data is sparse . It will also test the energy range in which
meson exchange models are a valid approximation for the
nucleon-nucleon interaction . Furthermore, EDDA is highly
sensitive to the existence - or non-existence - of dibaryonic
resonances with any appreciable coupling to the elastic
channel . Hence the acronym : Elastic Dibaryons Dead or

Alive .

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 diameter scintillating
fibers, this provides for vertex reconstruction to a precision
of some very few millimeters.

Both for phase shift analysis as such, and 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, spin corre-
lation coefficients etc . . This requires a polarized COSY
beam as well as a polarized EDDA target . A polarized ion
source has been built and fitted [ .?t] to the C,OSY injector
cyclotron, and the developement of the polarized COSY
beam may commence . The polarized EDDA target is a
polarized atomic beam device now under construction [4].
With reasonably achievable atomic beam densities in mind,
EDDA was conceived as an experiment using the internal
(recirculating) COSY beam to obtain sufficient lumino-
sities . Spin-averaged cross sections are measured with a
CH2 fiber target [5] . Data collection proceeds during syn-
chroton acceleration in a multi-pass technique, so that a
full excitation function is measured in each accelerator
cycle . Statistical accuracy is obtained by averaging over
many cycles . Elastic pp events are identified by kinematic
coincidence . The luminosity is monitored as a function of
the COSY beam energy by means of the electrons knocked
out of the target . An integral measurement of the secon-
dary electron current is performed as well as detection of
high energy 6-electrons emerging at 40° using PIN-diodes.

The EDDA detector [6] is shown in Fig . 1 in a
schematical fashion . It consists of two cylindrical double
layers covering 30° to 150° in Bc.m, for the elastic pp
channel and some 85% of the full solid angle . The inner
layers . are composed of scintillating fibers which are heli-
cally wound in opposing directions . The outer layers con-
sist of scintillator bars which are running parallel to the
beam axis and are surrounded by scintillator semi-rings.
The scintillator cross sections are designed so that each
particle traversing the outer layer produces a signal in two
neighbouring bars and rings . Analysis of the fractional
light output may then be used to determine the angle, at
which the particle traverses the outer layers, much more

Fig . 1 The EDDA-Detector (not to scale) : Target (CH2
fiber suspended from fork, later polarized atomic
beam), Bears pipe (2 mm Al in sensitive region),

Scintillating Fibers wound in opposing helici-
ties, B Seintillator bars, F + R Scintillator semi-
rings

Fig . . 2 : Kinematic distribution of EDDA events as obtai-
ned with a CH2 (upper part) and with a carbon
(lower part) fiber target (Tp = 793 MeV)
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matics of elastic proton-proton scattering, coplanarity with
the beam and the characteristic combination of polar an-
gles . Quasielastic background due to the carbon content of
the CH2 fiber target, on the other hand, results in a wide
and rather structureless distribution (lower part of Fig . 2)
that can be measured separately using a carbon fiber target
and subtracted out.

Fig . 3 shows some of the elastic scattering angular
distributions measured during an EDDA run in the fall of
1994 at the beam energies indicated and employing the
multi-pass technique . Due to still insufficient statistics, the
data was sorted into 20 MeV wide bombarding energy
bins . It was normalized to the luminosity signal obtained
from the PIN diode monitor system . Normalizing to the
secondary electron current gives essentially the same result.
Fig . 3 compares our data to existing cross sections [S]
measured with external targets and careful "beam counting"
for luminosity determination . The agreement found proves
the EDDA luminosity monitors to be accurate and reliable.
The angular resolution is about 2° (center of mass).

EDDA is now ready to take unpolarized data at
full scale in order to reach the statistics required for 1%
accuracy in 2 MeV wide beam energy bins, the design
goal . This will constitute the center of effort in 1995, along
with preparing to measure spin observables, i .e . installing
the inner detector layers and building the polarized atomic
beam target.

Fig . 3 Angular distributions of elastic proton-proton
scattering events as obtained (preliminary, analy-
sis :	 lete) by EDDA and as available from
the literature for the bombarding energies (lab)
indicated . The EDDA data were normalized as a
function of bombarding energy using the 6-elec-
trons recorded in PIN diodes as luminosity signal .

[1] Supported by BMFT under contract
06 BN 664 1(6)
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Vertex reconstruction is essential, when a polari-
zed atomic beam target is used . Unpolarized data can be
taken with the outer detector layers alone, however, and
measurements have begun in 1994 . Installation of the outer
detector layers, CH2 fiber target, luminosity monitors and
data acquisition [7] was completed at target station TP2.
COSY reached its design energy, and the beam proved to
be nicely stable, so that data collection during synchroton
acceleration poses no problems . The beam can he tuned to
roughly compensate small angle Coulomb scattering off
the fiber target by adiabatic cooling during acceleration.
Detector performance was shown to be within specifica-
tions, and luminosity monitoring was checked against
existing data [8] obtained with external targets and "beam
counting".

Fig . 2 illustrates the identification of elastic pro-
ton-proton events by kinematic coincidence . The events in
the conspicuous peak (upper part of Fig . 2) show the kine-

[2] The EDDA collaboration:
J . Bisplinghoff , R . Bollmannb, P. Cloth', O . Diehl,
F . D.ohrmannb , V . Drüke e , S . Eisenhardtb ,
H .P. Engelhardt', J . Ernst s , P.D . Eversheima ,
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P . von Rossen', H . Scheid', H . Paetz gen . Schiecks ,
N . Schirmb , M . Schulz-Rojalma , F . Schwandt a, W. Sc-
obel b , G . Sterzenbach', H .J . Trelle a , A.
Wellinghausenb , W . Wiedmanna , K. Woller b ,
R . Zieglern

a Institut f. Strahlen- und Kernphysik, Universität Bonn
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A laser based monitoring system for the EDDA experiment

S . Eisenhardt', J . Greiff', M. Miiller' and M. Radtke'
for the EDDA Collaboration

The outer layers of the EDDA detector re-
present a total of 176 channels with photo-
multiplier (PM) readout . This amount calls
for a computer based, versatile PM gain mo-
nitoring and control system that can be used
during the cyclic operation of the internal tar-
get when EDDA is taking data as well as in
between and in preparation for beam times at
COSY. The high quality of the COSY beam

schematically in Fig . 1 . A N2 -laser (VSL-337
from. LSI Laser Scientific) is triggered with ty-
pically 16 Hz . The UV pulses (a = 337 um)
are converted into visible light (A sa' 425 nm)
either by means of plastic scintillator rods or
with a dye laser module . A small fraction of
the N2 -pulses goes into the "N2 --monitor" of
the UV intensity (photosensor H5783 of HA-

MAMATSU) that also triggers the data acqui-
sition.

N4- Monltor

1 secondary fibers
r	

ce-~~~

TDAS - data acquisition system

The 425nm-light pulses are then transpor-
ted with a primary fiber to a reference and
distribution box below the EDDA detector.
In the box, the light passes through a system
of filters and several beam splitters before it
homogeneously illuminates the bundle of se-
condary fibers connected, near their PMs, to
scintillator elements of the EDDA detector.
The altogether seven different grey filters can
be independently moved by CAMAC control
and allow to adjust the light intensity quan-
titatively within a wide range.
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EDDA - detector
(outer layer)

Fig. I: Schematic layout of the laser based
monitoring system.

and the count rates resulting from its interac-
tion with the internal target exclude radiation
damage of the scintillator components . The-
refore it was decided not to include the scin-
tillation process in the detector survey and
to operate with light pulses that correspond
in duration and spectral shape to scintillation
pulses.

The final layout of the system [I] is shown

There are several submonitors that con-
trol the correct operation of the monitor sy-
stem. The fractions of primary light illumi-
nating PM1 and PM2 allow to survey the in-
tensity of the light source and the attenuation
due to the filter system, and, in combination
with the "N 2 -monitor", the conversion of the
UV to visible light . The light pulses applied
to the pin diodes Pin 1 and Pin 2 faciliate a
pulse height calibration in terms of the pho-
topeak of a 241Ana source.

The homogeneity of the light distribution
is controlled by means of two fibers feeding
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secondary light to PM1 and PM2 with an op-
tical delay of 150 ns in order to allow a dis-
crimination against the preceding signals . Se-
veral of these components have been adopted
from the light pulsing system of TAPS [2].

So far, the following tasks have been suc-
cessfully performed:

(i) Test of the linear PM response by means
of different filter settings (Fig .2)

Fig. 2: Pulse height spectra obtained with dif-

ferent filter settings from a reference PIN
diode.

(ii) Online control of the electronics setup
before data taking. As an example
shows Fig. 3 an AD C-malfunction .

by division of the integrated charges of
their anode signals by the corresponding
PIN diode signals on an event-by-event
basis . Fig. 4 shows gain drifts with re-
spect to gain values obtained 24h ear-
lier.
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Fig . 4 : Long term gain control. Relative gain-
drifts of Plifs measured after 24h of operation.

Additional applications like automatic
online-control-functions are under develop

-ment.

250 bm 750

8

600

40

200

4

3F-

2

Endes

	

119

4pean

	

0 .1597

RL£5

	

1 .766

v) Detection of short term gain drifts in
cyclic operation of the EDDA detec-
tor, when data is taken with systemati-
cally varying count rates (measurement
during ramping, influence of beam life
time).
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Fig. 3: Correlation plot of laser monitor pulse
heights read from Pin 2 and one of the EDDA

scintilIators showing an irregularity in the
ADC of the latter. .

iii) Monitoring the gain of the PMs in the
EDDA detector as a function of time

[1] S. Eisenhardt, J. Greiff, M. Miller,
M. Radtke, Diploma Theses, Hamburg
(1993-1995)

[2] L. Venema, TAPS-Workshop, Report
GSI-91-21, p . 196

I I . Institut fir Experimentalphysik,
Universität Hamburg
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Scintillating fiber elements for the outer layer
of the EDDA detector

M. Münster;<nanA . Wellinghauserl and K . Woilerl

for the EDDA Collaboration

The scintillator semirings comprising the
outer layer of the EDDA detector (cf. Fig.
1 of the contribution J . Bisplinghoff et al . to
this report) have to serve two purposes, namely
(i) provide fast triggering on elastic pp scatte-

ring and (ii) allow a precise determination of
the scattering angle ()dab . In order to com-
ply with (i), the semirings are given a width
x,0°, 7, Pe, 5°. For (ii) the semirings should be
designed in width such that each proton origi-
nating from the target traverses two adjacent
rings; the point of incidence may then be re-
constructed offline from the ratio of their light
yields . This is the "light splitting scheme" [1].

Fig. I: Semir ing section composed of 2. scin-
tillating fibers bent with i = 170 mm and ar-
ranged as shown in the inset . Also seen are the
three connections

	

the light pulse r system,t . . mLconnectionstE4JPEe9ions to
LCi LPLG dLPALL

	

system,

cross section 2 x 2 mm. The individual fiber
covers an average interval ®9lab 0.5° and
2 x 12 of them are combined in one assembly
corresponding to 3 semirings.

Fig. 2: Top: Average number ire of photo-
electrons vs . fiber number for different designs
of the far fiber ends. Bottom: Attenuation of
light along a fiber; Act = 90° corresponds to
As = 27 cm.
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Both requirements are compatible and lead
to rings that are the smaller the higher the
scattering angle 0dab is. For (Dia l, > 52° the
resulting width of a semiring drops below 14
mm; this causes tremendous problems in ma-
nufacturing, mounting and performance [2,3].
Therefore we replaced the first 9 semirings for
the interval 52° < Qiab < 72° by two layers of
each 36 scintillating fibers BCF-12 of quadratic

This assembly is shown in Fig. 1. One can
see, that the upper layer is shifted backward
(by 0.4 mm) with respect to the lower one in
order to avoid cracks allowing protons to es-
cape after crossing less than 2 mm. of scintil-
lator material . The fibers are mounted into
a supporting plexiglas ring and optically de-
coupled by a coating of extramural absorber
(EMA) . The two fibers on top of each other are
combined for read out into one pixel of the 16
anode photomultiplier It 4760 . Twelve of the
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pixels are operated this way, among them are
three, that are also connected to fibers of the
laser monitoring system (cf . contribution S . Ei-
senhardt et al .) . Before being installed in the
EDDA experiment, the assemblies have been
tested thoroughly with minimum ionizing elec-
trons from a 90 Sr source, because the fraction
of elastic scattering events involving the fiber-
based semirings ranges from 75% (at Tp ^s 800
MeV) to 78% (at Tp 2205 MeV) [4].

Fig. 2 shows for one semiring the average
number lope of photoelectrons being released
by the energy AE, f.. 360 keV deposited in
a fiber . The results obtained with fibers with
EMA coating at the end were considered insuf-
ficient because a minimum value Wpe . 6 is
estimated to be the lower limit for safe detec-
tion . The light yield was improved by reflecting
the light at the far fiber end with a mirror made
of aluminium foil of R ^s 90% reflectivity, and
even more effectively, with a hard coated silver
mirror (R > 99 .8%). At the same time the re-
sponse along the fiber was improved such that
the light loss from the far ep = 180°) to the
near (So = 0°) end was reduced to typically less
than 15% (Fig . 2b).

Fig. 3: Pulse height spectra obtained from a fi ..
ber homogeneously irradiated with 220 and 450
MeV protons.

After installation into the EDDA experi-
ment the fibers were further tested with ener-
geticprotons. Fig. 3 shows the response of a fi-

ber pair positioned at @ lab = 53 .5° to Ep = 220
MeV (Ep = 450 MeV) protons from scattering
of Tp = 793 MeV (Tp = 2205 MeV) projec-
tiles depositing AEp = 1.0 MeV (®Ep = 0 .75
MeV). It can be seen that the fibers produce
signals above any low energy cut off and are
well suited for high energy proton detection.
Meanwhile the fiberring section is routinely
used in EDDA measurements, and Fig . 4 shows
as an example the pp angular distribution (raw
data, carbon background from the CH2 target
subtracted) normalized to data from [5] . The
data was taken in November, 1994, and their
analysis is in progress.

Fig. . : Angular distribution of elastic pp scat-
tering at Tp = 793 MeV taken with the fiber
semirings.

[1]J. Bisplinghoff et al ., Nucl . Instr . and Meth.
A329 (1993) 151

[2] M. Miinstermann, Diploma Thesis,
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[3]Ii. Woller, Diploma Thesis, Hamburg (1992)
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Monte-Carlo Simulations of the EDDA-Detector

J . Ernst, R . Groh-Hardt, U . R.oß
for the EDDA-collaboration

In the EDDA experiment, described in the
previous contribution, some questions arise
that may only be answered using the help
of Monte Carlo (MC) simulations . MC tech-
niques are especially useful in

• determining the acceptance of the de-
tector,

• testing event reconstruction software,

e estimating the origin and importance of
background reactions,

• helping to understand the shape of b-
electron spectra which are used for mon-
itoring beam intensity and target thick-
ness.

There exist several MC codes with which the
simulation of EDDA should be possible in
principle . However, in the near future the in-
ner part of the EDDA detector will, be added
consisting of four layers of helically wound
fibers. This geometry is very difficult to han-
dle with certain MC codes - e .g. the GEANT
code used in prior simulations of EDDA . Fur-
ther, all MC codes known to us are written
for use in high energy physics . Hence, we
were looking for a more flexible code that al-
lowed the implementation of medium energy
physics and the helix geometry respectively.
We found the C++-class-library GISMO [I]
from SLAC to be the best choice . Its inher-
ent advantages result from the thorough use of
object oriented programming techniques . In
less than a year several tools and options were
developed, especially target event generators
matching different requirements:

e TwoParticles: Two particles are gen-
erated in the CM system and trans-
formed into the Iab system. It was ap-
plied to simulate elastic pp scattering
with cross sections following Simon et

al .[2], and for b-electron production ac-
cording to R.osenbluth's formula [3].

e MICRES : This event generator mod-
els the non-elastic hadronic interactions
of mesons (rr°, 7rß , and Ill), nucle-
ons and anti-nucleons up to Eki,, _<
4.5 GeV with nuclei A > 4 . It is based
on Bertini's infra-nuclear-cascade model
(INC code of [4]) but describes the
hadron nucleon collisions inside the nu-
cleus as formation and decay of hadronic
resonances according to the HADRIN
code [5] . It also allows for evaporation
and fission of the residual nucleus [4].
MICRES was developed by D . Theis [6]
and was implemented into GISMO by
U . Roß [7] for both the use as tar-
get event generator and for simulating
hadronic reactions during the tracking
phase. It is also available as a stand-
alone version [8].

® FOWL: This well known MC code
provides the 4-momenta of N particles
equally distributed in phase space.

e GunGenerator: This generator pro-
duces single particles uniformly dis-
tributed in a user specified range of solid
angle and according to one of three dif-
ferent energy distributions . This allows
for simulation of radioactive ß- and -y-
sources.

Electromagnetic and hadronic reactions dur-
ing the tracking of particles through different
media are performed by EGS4 and MICRES
respectively. For other hadrons than those
mentioned above only energy loss and angular
straggling is calculated.

In order to facilitate the use of GISMO
for non-experts an interfacing utility was de-
veloped allowing specific calculations by fix-
ing a couple of parameters in an initialising
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file. The simulation provides the type of event
(multiplicity, type of particles), the energy
loss in the hit detector elements and the mean
position where the hit occurred. Each MC
event can be stored in its internal format or
(planned) in a history tape format . By a con-
verter programme the energy Ioss information
is translated into ADC channels and trans-
formed into the same format as used in the ex-
periment (TDAS format) . In addition, the hit
pattern is specified in such a way that the ex-
perimental trigger conditions can be applied
(coplanar and kinematical trigger) .

Fig. 1 compares the experimental dis-
tribution of coplanar events from elastic pp-

scattering on an ultra-thin Cß"2 target (4 pm)
with a thin aluminium coating . The versa-
tile use of GISMO is demonstrated also in
Fig . 2 where a simulated b-electron spectrum
rather well reproduces the experimental one
measured with PIN diodes which were in-

serted in the Al beam pipe at 45° to the
target. Additionally, by a light ray trac-
ing programme three-dimensional views of the
EDDA-detector could be produced in colour.
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Figure 1 : Comparison of the experimental
(upper) to simulated (lower) distribution
of coplanar events from elasticp-scattering
on a ultra-thin C.2 target (4 pm) with a
thin aluminium coating.

Figure 2: Simulated (upper) 6-electron
spectrum as compared to the experimen-
tal (lower) one measured with PIN diodes
at 45° to the target.
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Development of Event Reconstruction Programs for the EDDA Experiment
based on Monte Carlo Simulation of the Detector Response

P . Cloth, V . Driike, D. Filges, G . Sterzenbach
for the EDDA Collaboration

Introduction

After a successful period of construction and testing of the
EDDA detector in the COSY ring, development of data
analysis became necessary providing full scale resolution
of the proton-proton elastic exitation function by
optimization of the event reconstruction, rather than
utilization of the EDDA granularity only, which ignores
the full detector capability . The EDDA detector
components consist of two layers measuring polar and
azimuthal angles of the final event particles each . The
outer layer comprises ring shaped seintillators to determine
the polar angle and bar shaped ones for the azimuth. The
scintillators are overlapping (from the view of the target)
and thus, provide solid angle resolution higher than due to
their size only, i .e . from the relationship of the overlapping
signals information may be deduced to enhance the EDDA
resolution power by an estimated factor of 5 . This,
however, requires evaluation of this somewhat complex
relationship . The inner layer of EDDA consists of layers of
helically wound scintillating fibers, two right and two left
wound, providing combined measurement of the polar and
azimuthal angles, and are also following the overlapping
principle .

According to construction and experimental schedules of
EDDA, development of the necessary off-line software was
started for experiments with the fiber target and the outer
layer of EDDA alone, the configuration in which data have
already been taken for spin averaged cross-sections.

Development of sophisticated reconstruction software
requires a detector signal simulation (Monte Carlo) system
of adequate capability . The Jülich MC4 /2/ Monte Carlo
program, especially designed for detector development,
and to incorporate event reconstruction algorithms, is used
for this purpose.

One of the basic features of this Monte Carlo system is the
possibility of precise geometrical description of the
detector . The BSG 13/ option for geometrical description in
MC4 is used . Although the inner layer of EDDA is net
considered by the time being in the reconstruction
program, it is already fully available in the geometry part
of MC4. The helix fiber layers are treated by a special
program section dedicated to EDDA solely . Figures 1 and
2 show cross sections of the BSG geometry in its present
status.

support tube

	

bar scintillators

\eam tube

elix fiber layers

Fig.l EDDA BSG z,x cross section

Short Description of the Reconstruction Method

For elastic proton scattering at known beam momentum

the CM scattering angle 6„ is the only free parameter . All
other quantities decribing the final state of the collision

can be written as functions of. 6,„,.

During start of run elastic events are produced in a loop
over discrete z values, where z is the z coordinate of a final
state particle entering the shell of polar detector elements .

These final state particles are fed into the tracking algo-
rithm of MC4 . Whenever they cause a signal in an active
detector layer, the visible energy , the time of impact, and
the detector element identification are recorded together
with the description of the final state particles . The loca-
tions of the first and last event pattern involving a detector
element are. stored in a description area assigned to that
element.

Running the same procedure with a sample of events per
loop cycle with all straggling and secondary collision
modules etc. turned on, results in a set of prestored mean
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patterns for a given z value and typical errors for the
detector elements . Since these estimates can only be as
good as the assumed error functions, they have been
neglected so far.

Fig .2 EDDA BSG -x,y cross section

After start of run, MC4 produces primary events using INC
(Bertini intranuclear cascade model) or PSM (phase space
model), then tracks through the geometry applying slow
down (with straggling), small angle scattering and
secondary nuclear events . All of this features can be
controlled by user input.

Passing through the active detector elements, particles
deposit energy which is converted into visible energy . This
visible energy is then converted into detector signals taking
into account light attenuation and time dependence in a
semi-emperical way.

The first steps of reconstruction are multiplicity checks.
For the azimuthal detector layer 4 elements have to trigger,
grouped in 2 clusters of consecutive elements . The clusters
numbered 16 and 32 are neglected, because they are not
uniquely associated with the polar structures.

	

.

Up to 3 consecutive elements contribute to clusters in HRU
and HRD, the two half ring groups . Only one cluster may
be found per detector module . If HRU or HRD are not
triggered at all, the half ring fiber layers take their role . In
these detector modules a cluster is formed by up to 4 ele-
ments grouped in 2 layers with fibers in neighbourship.

Multiplicity checks are accompanied by filling histograms
with the element and cluster trigger rates.

The next reconstruction step is testing of the kinematics.

Coplanarity is checked based on element numbers
triggered in the azimuthal layer. The kinematical trigger is

checked after reconstruction of both 8 values.

Estimations of the visible-energy to signal conversion func-
tions are used in the reconstruction .

The two azimuthal clusters are used to estimate the 4)

angles of the final state particles . . Therefore, the mean 0's

of the matching detector elements are averaged, weighted

with their signals. The values of 4) are then used to
compute the distance of the point of impact to the
photomultiplier tube of the polar ring structures.
Attenuation of light can then be estimated.

Finally the most likely prestored pattern has to be selected.
For each polar cluster in HRU and HRFU pointers had
been stored into the list of elastic event patterns, recorded
at start of run . In a loop over this list each pattern is com-
pared to the current measure . Therefore, all signals in the
detector modules have been added (squared and weighted
with their typical errors ) . For each hit in the prestored
pattern, the difference to the measure ( again squared and
weighted) replaces the contribution coming from the mea-
sure alone . This procedure assures that all hits in the mea-
sure and all hits in the prestored pattern are taken into
account with their correct weights . The pattern with the
smallest sum of errors is taken to be the best guess in re-
construction.

The results of the reconstruction are histograms including
the trigger rates of detector elements and clusters . A a-
tupel relates the Monte Carlo record of the event to these
results.

As examples Figure 3 shows the distribution of the
scattering angle in the CM system . They correspond to
three separate runs producing clean samples of elastic,

single it production and double it production events at a
beam energy of 2 .5 GeV. The concurrent events are
suppressed fairly good . The acceptance of the elastic
sample is as expected .

Figure 3
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Jülich, Jiül-2879, p . 3

Figure 4 shows corresponding data for a 1 GeV beam . Here

	

References:

double rt production does not occur.
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Monte Carlo Simulation in High Energy and Nuclear
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1993, p . 129
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First Results films MOMO

F . Bellemann', A. Berg ' , J . Bisplinghoff', G .Bohlscheid', J. Ernst', R . Frascaria 6 , C . Henrich',

F . Hinterberger ' , R. Jahn', L . Jarezyk2, R . Joosten', A . Kozela 2, U. Kuhn', H . Machner', R . Maschuw ' ,

T. Mayer -Kuckuk ' , G . Mertler ' , B . Metsch4 , P.v. Neumann-Cosel 5 , T .v . Oepen ', H. R . Petry4,

D . Rosendaal ' , P. v. Rosseix3 , K . Soho', F . Schwandt', R. Siebert6, J . Smyrski2, A . Strzalkowski 2,

R . . Tälle 3 , W . Wiedmanri ' , R . Wurzinger6, R. Ziegler'

The MOMO experiment focusses on near threshold
meson production via the reactions pd > 3He and

pd > 3He K 4 K . It takes advantage of the high quality
of the cooled external COSY beam and the existing
spectrometer BIG KARL . The setup consists of a high
granularity scintillating fibers meson detector near the
target with a 45 deg . opening angle, and the spectro-
meter, which is used for 3He-identification . The large
solid angle and high resolution of this detection method
will yield precision data on the low energy (T<50MeV)
meson-meson interaction and probe into questions like
meson-nucleon resonances and KK-molecule.

The MOMO vertex lector consists of 672 scintillating
fibers (round, 2 .5mm diameter) arranged in three planes
tilted 60 deg. versus each other . Each plane is
subdivided into • two identical modules . The fibers are
read outby •16-fold photomultipliers (Hamamatsu
R4760) followed by individually adjustable level
adapters for each channel, which match the signals for
the utilized PCOS III data aquisition system . All six
modules are installed on location and . the detector is
fully operational. The efficiency was measured to be
better than 99% for minimal ionising particles.

The MOMO scattering chamber houses the 4mm LD2
target as well as a remotely steerable ladder for beam
viewers and solid targets . The 5 mm thin Al front end
of the chamber faces the vertex detector on the outside
and keeps straggeling of the mesons at a small level . . ..
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The BIG KARL spectrometer is also fully operational.
Its status is described in detail elsewhere in this annual
report.

Several test runs were successfully performed during the
year includung calibration of the setup via the reaction
pd > 3He n°. The quality of the extracted COSY - beam
increased constantly over the year . In two recent runs
first measurements of two pion production via the
reaction pd > 3He IOC were performed. The intensity
of the 1150 MeV/e proton beam was some 10 7 Is with
an almost 50% duty cycle (-6 s every 13 s) . Figure 1
shows the vertex wall hit pattern of the first two pion
events observed at COSY . Some 400 events could be
unambigiously identified, which is demonstrated in
figure 2 . It depicts the coplanarity of the double hits in
respect to the total meson momentum axis, which is
defined by . the beam and the }He momenta . Data
analysis is in progress.

` Institut für Strahlen- und Kernphysik, Universitat Bonn
2 Institute forPhysics, Jagellonian University, Crakow,

Poland
, .3._ Institut für Kernphysik, Forschungszentrum Jülich

Institut für theoretische Kernphysik, Universitat Bonn

Institut far Kernphysik, Technische Hochschule
Darmstadt

' IRN Orsay, France
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Status of GEM

A. Budzanowski3, P . Cloth, A . Djaloeis, M. Drochner2 ' 4 , V. Drake, J . Ernst9 , W . Erven 4 , D . Filges, S . Förtsch 12 , L. Freindl3 ,
D . Frekers8, D . Grzonka, M. Hawash, J. Holzer', S. Igel, R . Jahn 9, L . Jarczyk l , G. Kemmerling4, K . Kilian, S . Kliczewski 3,
W. Klimala l , J. Konijn' , S . Kistryn l , D . Kolev i1 , T . Kutsarova l °, B .J . Lieb6, G. Lippert, H. Machner, H.P . Morsch, C. Nake,

J . Nässer, H .S. Plendl s, D . Protic, E . Roderburg, P . von Rossen, K . Scho9, R. Siudak3, J . Smvrski ' , A . Strzalkowski l ,
R. Tsenov l' , P . Turek, K . Watzlawik, P .A . Zolnierczukl , K . Zwoll4

The previous year has seen a continuous progress of GEM.
The hardware and software described in Ref. [1] has been
further developed and has been tested during first runs
with the COSY beam_ In the first part we will discuss the
status of the GErrnanium wall . Then we will present the
results achieved with the COSY beam employing only the
magnetic spectrometer BIG KARL and its new detection
devices .

resolution . New fabricated quirl detectors have been
thoroughly tested and it was found that all spirals produce
a signal output . Their energy resolution is typically 4 keV
at 1332 keV energy . In Fig. 1 a quirl detector is shown
with its read-out ribbons made of Kapton.
Further progress includes also the production of the last
calorimeter crystal. As it has to cover the same solid angle
as the ones closer to the target it has to be rather large : the

Figure I : The „quirt" crystal . During operation the crystal is cooled through its mounting with liquid nitrogen.
Note the read-out on printed Kapton foils, the structure on the surface and the hole in the center.

In its final form the Germanium wall will consist of four
Germanium detectors: a "quirl" type tracking detector
followed by three calorimeter detectors . The quirl has 200
Archimedes' spirals which are arranged in an
anticlockwise and clockwise direction on the front and rear
side, respectively. The calorimeter detectors will each have
32 wedges on their front side . The first quirl built showed
only a modest energy resolution, not sufficient for the
required resolution to study pionic atoms . The reason for
this was too shallow groves between neighbouring spirals.
Alternative parameters in the implantation process were
obtained leading to good separation between two adjacent
spirals with a grove depth of 2 to 3 pm. This leads to
smaller leakage currents and thus to an improved energy

crystal has a 51 mm radius and a thickness of 15 .5 mm. It
was successfully transformed into a planar detector with an
annular hole by adding 32 wedges to one surface . The
typical energy resolution achieved was bet t er than 5 keV
for 1332 keV Ids . Further details of the Germanium
detectors and the cryostat are given in Ref. [2j.
The two detectors presently available already allow some
meson production study experiments close to threshold.
However, for the pionic atom experiment the full detector
will be required as is discussed in Ref. [31 In order to
perform such measurements a dedicated holder for such a
subsystem in the cryostat was designed and built.
In order to process high counting rates resulting mainly
from elastic scattering, the linear shaping amplifiers were
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modified to 10000 counts/second yielding 320000
counts/second for the calorimeter.
The performance of the detector set up in the experimental
area was studied by mounting the cryostat with a single
built-in Germanium detector in front of the first
quadrupole of the magnetic spectrometer. Studies of the
response of the built-in detector showed a satisfactory
performance which deteriorated as soon as the quadrupole
magnets of BIG KARL were switched on . This serious
effect is being investigated.
The modified magnetic spectrometer together with its new
focal plane detector was successfully tested with the COSY
beam. The key question to be answered was whether one
can extract the emission angles (polar and azimuthal
angle) of reaction products out of the target from tracks
measured in the focal plane of the spectrometer at a
distance of 15 .6 m away from the target position . Therefore

the reaction pap -n ad was chosen: at a beam

momentum close to threshold . The beam momentum of
800 MeV/c is only 11 .15 MeV/c above threshold. This fact
dominates the underlying kinematics shown in Fig . 2 . The
kinematical loci of the emerging reaction products are
shown in a polar diagram as function of the momentum
parallel to the beam axis and to the one perpendicular to it.
The longitudinal momentum of the deuterons are
approximately twenty times larger than the transverse
momenta . This yields to very small emission angles in the
laboratory system . Therefore, one needs very high
precision in order to disentangle the centre of mass angular
distribution . The complete laboratory distribution of the
deuterons just fits completely in the acceptance of the
magnetic spectrometer BIG KARL. The momentum of the
beam protons is only slightly larger than the momenta of
the deuterons, as can be seen from Fig. 2. This leads to a
background problem . Nevertheless, this background can be
suppressed completely. First the deuterons were measured
in coincidence with pions . The latter were measured
closely behind the target with an annular scintillator ring.

p+p--i9P¢ a-1
ßOO $~e~'/c

miss

Figure 2: Kinematical loci of ;r{ and deuterons from the
present reaction as function of their momentum parallel to
the beam direction (p 11 ) and perpendicuai to it (pi ) . Also
indicated in the figure is the beam momentum .

as a veto detector located behind aluminium absorbers
thick enough to stop the deuterons.

Figure 3 : Schematic diagram representing the detectors in
the focal plane of the magnetic spectrometer. Two stacks of
multiwire drift chambers to allow for x- and y-measure-
ments are followed by a trigger hodoscope consisting of
four layers of scintillator . The first three layers operate in a
threefold coincidence while the fourth layer behind the
aluminium absorber is used as a veto counter.
In Fig. 4 the TOF spectra are shown for a measurement
resulting from a full and from an empty target cell . The

target cell (Ref. [4j) was 4 mm thick and 5 mm in
diameter. Its windows were made out of 1 .5 um thick
mylar. Beam halo events were suppressed by a scintillator
ring with a 3 mm diameter hole in front of the target . The
beam diameter was found to be smaller than 1 mm.

Figure	 4 : TOF spectra as obtained from the second layer of
the hodoscope (start) and a delayed stop from the pion
ring-detector. The spectrum including deuterons is from
the full target cell measurement while the other one was
taken with an empty target cell.
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This detector was also used as a stop detector for a time-of-
flight (TOF) measurement of the deuterons. This flight

time is twice as long as the time of the protons in the same
momentum acceptance of the spectrometer . In the focal
plane the tracks were measured with two stacks of
multiwire drift chambers (Ref. [1)) . The start signal for the
drift-time measurement came from a coincidence between
scintillators in three layers of the trigger hodoscope (see
Fig. 3).
Protons were suppressed against deuterons puls height
discrimination by the first layer. A further rejection of
protons was achieved by using the fourth hodoscope layer

In Fig . 5 the reconstructed kinematical loci of the detect ed
deuterons are shown in a polar diagram . For this recon-
struction only theoretical transport coefficients were used.
Figure 5a shows the raw data with constraints as
explained . An additional geometrical cut was introduced
which excluded all those events which lie outside the
horizontal acceptance of the last vacuum chamber of the
spectrometer. When an additional gate is set on the
deuterons in the TOF spectrum (Fig . 4) the clean data
sample shown in Fig. 5b is obtained . The measured data
can be projected to the parallel momentum axis . This is
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Figure 5 : Polar diagram of the measured coincident events as function of the longitudinal and transverse momenta.
Figure a) shows the on-line raw data . Fig . b) shows data with the off-line requirement of being deuterons in the
TOF spectrum and applying a geometrical constraint on the trajectories.

shown in Fig . 6 which is linearly related to the centre of
mass cosine . Also shown is a preliminary Monte Carlo
calculation employing the code GEANT . It follows almost
the data thus indicating the dominance of the s-wave
strength in the present reaction . A very preliminary
analysis of the corresponding angular distribution in the
centre-of-mass system for a subset of the data yield an
anisotropy as shown in Fig . 7 . This quantity a2 t ao is the
ratio of the Legendre expansion coefficients . Because this
number is finite, there is still p-wave contribution . These
data are much closer to threshold than previous
measurements (see Fig . 7), made possible by the high
quality COSY beam. The result is compared in Fig. 7 to
those obtained from earlier measurements (Ref. [5j) and to
a theoretical prediction [6].

Figure 6 : Projection of the data from Fig . 5b onto the
longitudinal momentum axis . The data are shown as dots
with error bars (left ordinate) . Also shown is a Monte
Carlo calculation taking target thickness finite beam
diameter and acceptance cuts into account (histogram,
right ordinate) . The abzissa is transformed into the
emission angle of the centre-of-mass system.
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Also shown is a calculation performed by
Niskanen (Ref. [6]) .

References:
[1] A. Budzanowski et al., Annual report 1993, p .7

[2] G. Fiori et al, contribution in this report
[3] H. Machher, Annual report 1993, p . 62

[4] V. Jaeckle et al., Nucl . Instr . Methods A 349 (1994)
15

[5] G. Jones, in R. D. Bent (Edt .) Alt' Conf. Proc. 79

(1982) 15
[6] J. A. Niskanen, Nucl Phys . A 298 (1978) 417



Status of the COSY-11 Installation

J .1Balewski3 , S . Brauksiepe, A. Budzanowski4 , K.H . Diart ' , H . Dombrowski2, C . Goodman ' , H . Gutschnn.idt ' , D . Grzonka,
W. Flarnsink2, A. Hardt6, L . Jarczyk3, M. Jochnnan .n' , M. Karnadi, K. Kilian, M. Köhler' , A . Khoukaz 2 , T . I.ister2 ,

P. Moskal3, R. Nellen, W. Odell, E . Roderburg, M . Rook, R. Santo2, G. Schepers2 , Th. Sefzick, J . Smyrski3 , M. Sokolowski3 ,
A . Strzalkowski, P . Turek, K .H. Watzlawik, M . Wolke P . Wifstner ' , M. Ziolkowski s , K . Zwoil '

COSY-I I is an internal experimental setup (see Fig . 1) for
threshold measurements of the production of mesons or
mesonic pairs [1,2] which is presently installed in the
COSY-ring. The experiments will be performed using a
cluster target in front of a COSY dipole acting as a
magnetic separator for the ejectiles, which will he
registered with several tracking and timing detectors .

elements the minimum ionizing peak was well separated
from the noise.
The data acquisition system for COSY-11 is working . It
was used for the cosmic measurements

Figure 1 : Sketch of the COSY-II installation at a COSY dipole . For the positively charged particles drift chambers
D1, D2 and scintillators SI, S2 and S3 are used . S3 is positioned 10 m apart from S2 and not shown in the
figure . Si-pad detectors combined with a long scintilaator bar was mounted in the dipole gap for the
detection of negatively charged particles.

The standard COSY vacuum chamber in dipole no . 8 wa.s
replaced by a special chamber with large windows for an
undisturbed transport of the reaction products to the
detectors . The main window is covered by a 300 gm thick
foil of calm fibres with a 30 1.u n Al-layer on the inner
side to guarantee UT-IV conditions in the ring.

-- The cluster-target_ and__ .all--detectors- are - ready= fm~the--
instalclustertar h swill-take -place--end-ef February-199- ._-
The target was mounted outside of the ring and extensive
tests have been made which have demonstrated the stable
operation of the system. All detectors have been tested and
calibrated with cosmic radiation i .e. minimum ionizing
particles . For these tests the drift chambers and the
scintillation counters SI, S2 and S3 were positioned close
together so that cosmics are able to pass through all units
simultaneously . For the calibration of the scintillation
detectors the particle tracks were used which were
extracted from the drift chamber data . The function and
energy resolution of the silicon pad detector was checked
independently of the other systems with cosmics . In all Si-
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Status of the 0° Facility
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The preparations of the 0° Facility and its detector system
for the study of the subthreshold K¢ production in proton-
nucleon reactions and of the proton-induced deuteron
break-up have been advanced considerably in 1994 . The
work focused mainly on the following aspects:

® Theoretical studies were concerned with the details of the
production of fast deuterons in proton-nucleus collisions,
be it in quasi-free processes, through coalescence in a
late state of the reaction or in the first step of the two-step
K { production [1] . The knowledge of the momentum
spectra of those fast deuterons originating from the
different processes is important for the study of the
correlated K+-d production at the 0° Facility.
Since K ' mesons are produced together with associated
A-hyperons, the probability of capture of hyperons with
creation of hypernuclni was theoretically determined and
cross sections were calculated [2] .

Calculations on the subthreshold K- production have
been continued [3]; they led to the conclusion that
experimental studies of this interesting process should be
possible at the 0° Facility.
Polarization observables for the deuteron break-up with
polarized protons and deuterons have been calculated
under the kinematic conditions of the 0° Facility [4] . All
the observables manifest the ®(1232) baryon excitation in
the intermediate states as a dominant mechanism of the
backward proton production with momenta close to the
kinematic limit.
A new possibility for an experimental study of proton-
nucleus interaction accompanied by high energy-
momentum `transfers to few nucleons of the target
nucleus has been considered. It concerns the
measurement . . of the two-particle differential cross
sections for the emission of a fast proton and a light
fragment at small forward angles . The Rossendorf
collision model [5] was use to evaluate the cross

Injection

Fig . 1 : Sketch of the 0° Facility with a detailed drawing of the side detector for the study of K + mesons . The place of the
forward detectors is indicated by MWC3 and 4, the backward detector will be placed at the side of DI ( I P2 used at
present by EDDA) .
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sections for the simplest process of that kind, pd-
interaction resulting in forward emission of a fast
deuteron and a proton [6].
The subthreshold K" meson production in proton-
deuteron collisions has been studied with use of a light
front formalism for description of the relativistic wave
function of the deuteron . The First Collision and Two
Step Models have been considered. Results of
calculations of the dependence of the total cross section
on the kinetic energy of the incident proton and
momentum- and angular spectra of the K¢ meson show a
behavior similar to that of proton-nucleus collisions.

a The design of the 0° Facility has been reviewed on
March 18, 1994, by a committee of experts . The concept
was approved in all its main aspects . Is has been
suggested to consider the target place TPI in the centre
of the straight section of COSY as a site for the
installation of the facility. This alternative to the original
concept of using TP2, see Fig. 1, is presently under study
including both the In and 2x modes of operation of the
telescopes.

@ The realization of the facility has been pushed forward
through the completion of the concept studies of the
power supplies for the magnets. An available test device
of COSY will be used for DI and D3 . For D2 a dedicated
power supply has to be built . Calls for tenders have been
sent out.

The design of the vacuum chanters has xen pW sueol . It
is most important to work out a concept with minimal
eddy currents since they reduce the dipole field during
ramping and induce a sextupole-field component which
would be disturbing for the circulating beam. Therefore
the top and bottom wails have to be as thin as possible
taking into consideration the necessary mechanical
stability. Likewise, the side flanges which carry the
window foils must be made in such a way that their
frames are very thin without loss of the necessary sealing
efficiency. This can be achieved through the use of the
massive pole pieces of the magnets for picking up the
forces resulting from a special chamber design . It is
planned to use this technique for the chambers both in
D1 and 132.
An additional advantage of thin-walled chambers is that
the gap widths of the magnets can be used with more
than 95 % efficiency . The remaining effect of eddy
currents on the magnetic field strengths during ramping
(with AB/dt S 1 T/s) will be compensated by a
conveniently chosen current ramp of the power supplies
of the 0° Facility. Here it should be noted that the 0°
Facility does not affect the ramping rate when COSY
serves other users since its magnets will then not be in
operation.

® The time dependence of reaction rates, which are
expected in the K¢-experiment, was studied with the help
of simulation calculations . For a 2 mm wide carbon foil
of 100 µg/cm2, irradiated by 1 . 10 `0 circulating protons of
1 GeV at the internal target place TP1 or TP2, we obtain
a luminosity of 1 to 3 . 10 33/s•cm2 , which can be made

constant during a period ofI s or more, through proper
displacement of the target during the irradiation [7].

° The development of the detector systems for experiments
on the subthreshold K¢ production and the proton-
induced deuteron break-up has been continued . In order
to make sure that the detector system fulfills the
specifications for the identification of the K + mesons in
presence of an extremely intense background of protons
and pions, test measurements of two telescopes have been
performed at the .+ beam of the ITEP, Moscow . These
studies [8] showed that, indeed, a „background"
suppression factor of better than 10 5 can be achieved
through a discrimination via time-of-flight (TOF) and
energy loss . This is in good agreement with the results of
simulation calculations [9].
Based on this finding the GEANT calculations have been
extended in order to complete the detector concept for the

measurement of the momentum spectra of K + mesons in
the subthreshold production at nuclei . The construction
of the detector telescopes has begun [10]. Special
attention is payed on the shielding of the start detectors
of the TOF setup against the fringe field of D2 . Monitor
systems for the scintillation counters are ring
developed . The construction of Cherencov counters for
the K¢-detector telescopes is in progress. They will be
used in these telescopes for the suppression of leptonic
and picnic background.
Tice first wire chamber (close to D2 in Fig. I) is under
construction at the Forschungszentrt at Rossendorf
[11,12].

a The imaging surface of the magnet D2 has been
determined in simulation calculations for the target
located at 35 cm in front of the magnet iron. The
transverse sizes of the stop telescopes were estimated
taking into account the magnet geometrical aberrations
in D2 and the particle deflection caused by multiple
Coulomb scattering [13] . The transverse sizes of the
modules do not depend on the particle momentum and
would be recoznrnended for all modules equal to 10 - 12
cm. This result agees well with module sizes adopted in
[10].
For the deuteron break-up experiment the expected
missing-mass resolution has been calculated with protons
to be detected in the forward and backward detectors (see
Fig . 1) [14] . A full GEANT simulation with a proper
event generator and track reconstruction procedure was
carded out. An acceptable separation of the break-up
process and the fragmentation accompanied by pion pro-
duction has been found in the missing-mass spectrum.
The acceptance and missing-mass resolution has also
been evaluated for detecting the process
p+p>p+p+$>p+p+K+ +K-with both the initial
state protons polarized . The study of this process is very
attractive due to the expected manifestation of the strange
quark-antiquark pair contribution to the proton structure
[15] . The calculation shows a reasonable performance of
the facility for the proton pair in the forward detector and
the positive meson registered in the side detector.

° The work on the preparation of the detectors at the JINR
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Dubna for the deuteron break-up experiment comprises
the design and beginning of production of the forward
and backward detectors [16], of the development of a
corresponding fast trigger system [17] and the readout
electronics.
Cherenkov counters of total internal reflection have been
proposed for n/K and p/d separation and background
suppression at the trigger level in the d break-up studies.
Cerenkov counter characteristics were studied by Monte-
Carlo simulation using GEANT3 package for particle
tracing [18]. The idea is to make use the total internal
reflection for the Cerenkov light collection for particles
with higher B . The advantages of the proposed
Cherenkov counters are the possibility of operation at
high Cherenkov radiation intensity (because of high
refractive index) and the threshold tuning with rotation

angle variation.
For confirmation of realization feasibility a relatively
simple prototype of these Cherenkov counters was
created and tested on the beam. Measurements were
performed at the external beam of the ITEP accelerator
with colleagues from 1TEP and JINR. Results of
measurements for protons and pions at beam momentum
1 .5 GeV/c are presented in [19]. A dependence of the
photomultiplier anode pulse height on the angle relative
to the beam direction is clearly observed . During the
counter beam testing it has been obvious that the counter
characteristics can be improved by further developments .

a First concept studies for a detection system for K - mesons
have begun [22].
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o The work for the fast trigger electronic system, which
allows to distinguish K¢-mesons from protons and pions,
was continued [17] . For the read-out of multi-wire
chambers the development of a very compact electronic
board, mounted directly .on the chambers, has started.
Most of the electronic functions, including data
reduction, are executed by the large scale integrated
chips RAF 110/111, or possibly by new elements, which
are actually studied at Rutherford Lab ., and which will be
specially adapted to the output sigrils of the wire
chambers foreseen for experiments at the 0° Facility.
Major components of the Fastbus-W-DECstation data
acquisition system [20] for the 0° Facilty experiments
were completed at the FZ-Rossendorf The system was
transferred to Jülich and hard- and software tests were
performed . The digitizing Fastbus :mules (QDCs and
TDCs) fulfill the requirements of resolution and speed.
The software developed so far works well for the
standard hardware and allows to perform the standard
operations, including elementary data analysis. For small
experiments, in which detectors or experimental
techniques are examined, we have developed a CAMAC-
PC (connected via VIC-bus) data acquisition system . Up
to 2 .105 detector channels can be read per second. The
software can be adapted to include any CAMAC-module.
Progaanuning of any desired measurement sequence or
experiment control operation is relatively easy.

o The studies on a polarized gas target (storage cell) for the
0° Facility have been continued as well . It is hoped that
the Filtex target [21] can be used later at the 0° Facility.
But it is also checked whether equipment which is
available from the I'NP Novosibirsk can be adapted to the
use at the 0° Facility.
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Investigation of fast deuteron production in pA collisions at the 0° Facility

M . Büscher, A . Sibirtseva

One of the main goals of the experimental program at the
0° Facility is the investigation of the subthreshold K +
production in proton-nucleus interaction [1] . In order to get
information about the reaction mechanism it is planes ed to
measure the kaons in coincidence with other particles like
protons and light fragments . In particular, from the
measurement of correlated K+-deuteron pairs one hopes to
unambiguously identify the two-step kaon production with
the formation of an intermediate pion in the first step
(pN->dx, rxN->K¢A) [2,3]. Since the expected cross
sections for such processes are extremely small it is
planned, however, to first measure uncorrelated deuterons
in order to calibrate the detection system.

Figure 1 shows the calculated momentum spectra of
deuterons produced in p+ 12 C collisions at Tp=l GeV. The
spectra are integrated over emission angles S<10° which
are accessible at the 0° Facility. The shaded area indicates
those deuterons which are produced in coincidence with
K+ mesons via the two-step mechanism in the quasi-free
process p+N->d+n . It can be seen that they are peaked
around Pd^s800 McV/c and, thus, can be measured at the
0° Facility [1,5] .

Since at Tp=1 GeV one is far below the nucleon-nucleon
threshold for the production of K¢ mesons (Tp = 1 .58 GeV)
the . involved cross section for the production of K+d pairs
is much smaller ( cr

LUt"̂. ' V) than the total'13 ab) tha: the total production
cross section for uncorrelated deuterons . These deuterons
can be produced via the coalescence mechanism [4] or via
the quasi-free process p+N->d+t [4,6]. It can be seen from
Fig . .1 that the quasi-free deuterons are peaked around
1 .7 GeV/c . This shift to higher momenta relative to the
deuterons produced in coincidence with K+ mesons can be
explained as follows: the keor s are produced in the second
step of the two-step mechanism (rc+N-+K++A) . Since one
is far blow the NN threshold only those pions which have
the highest possible momenta can produce a kwon. The
pions are produced together with the deuterons (pN->drr)
and, thus, only deuterons with very low momenta can be
created in the case, of kaon production.

The measurement of fast deuterons can also serve as a test
of the coalescence model which is rather well es tablished
for low deuteron momenta (Pd<500 MeVk at Tp=I GeV.
At higher momenta there are still considerable
uncertainties in the calculations since here high-
momentum components of the deuteron wave function as
well as kinematical and dynamical correlations have to be
taken into account [4].
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Fig . 1 : Calculated momentum spectra of deuterons for
p+12C collisions at Tp=1 GeV. The shaded area
shows the spectrum of deuterons produced in
coincidence with K+ mesons [2,3]. The upper curves
show the deuterons produced in the quasi-free
mechanism p+N->d+ir and via the coalescence
mechanism [4].

Summarizing, the 0° Facility is idealy suited to study the
production of fast deuterons since a wide momentum range
can in covered and measurements under forward angles
(8<10°) are possible where the deuteron momentum
spectrum is peaked [4].
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Formation Cross Sections and Recoil Momentum of Heavy A -Ilypea°uuclei in the (p,Kt-Reaction

W. Cassingb , Z. lZudya ,b, B. Karnysa, L. Jarczyka, A . Strzalkowski a, T. Hermes, K. Pysza, H. Ohm, H.R Koch,
St . Kistryna, O.W.B. Schult

The production of hypernuclci is an interesting nuclear
process in itself and, moreover, offers a source of
information for heavy ion physics, astrophysics and
cosmology . The possibility to produce hynmuclei in the
(p,K+) reaction has been first mentioned by Yamazaki
[1], but Chrien [2] presumed that the cross section for
this reaction might be very small . The hypernucleus
formation consists of two steps as pointed out by Zofka
[3] and Nifenecker [4] . The A hyperon production is the
first and its attachment to the nucleus is the second step.
The probability of both processes depends on many
factors : The A production is determined by the beam
energy, the momentum distribution of the nucleons in the
nuclei, possible correlations of nucleons in clusters, etc ..

The probability of the A attachment depends
predominantly on the momentum distribution of the
produced hyperons [5] and its modification due to A-N
rescattering [6] but may be also influenced by the
features of the nucleus to which the hyperon is attached

[ 4] .

The aim of this contribution is to present results of the
calculation of the cross sections and of the recoil
momentum for an experiment which is in preparation at
the COSY accelerator in Jülich. The goal of the
experiment is the investigation of the mechanism of the
production of heavy hypernuclei in proton interactions
with atomic nuclei.

It is planned to record fission fragments . This should
allow a strong suppression of the very large background
due to proton, neutron and pion emission. The recoil
shadow method [7] will be used [8] for elimination of
fragments originating in the target and arising from
prompt fission of non-strange nuclei . This method
assures that fission fragments can be observed in the
shadow region in two cases . First, the A particle may
attach to one of the fragments of the promptly fissioning
hypernucleus . These fragments leave the target into all
directions, but their detection in the shadow region is
excluded by suitable dia phragms, unless the decay of the
A particle kicks the fragment into the shadow region.
Secondly, the heavy hypernucleus surviving prompt
fission recoils out of the target, and the delayed A-decay
induced fission occuring at a distance from the target
downstream of the beam permits fission fragments to
reach directly the shadow counter. Polikanov and his
coworkers have successfully applied this method for
obtaining information on the lifetime of very heavy
hypernuclei in antiproton annihilation [9].

The phase-space folding model [10] was used to calculate
the total cross sections of K+ production in the sub-
threshold region taking into account one step (N+N->

K++N+A) and two-step processes (N+N -3.
7r+N+N; n+N a K++A) . The experimental results from
Koptev et al. [II] and the model predictions are
compared in Figure 1 . As in both processes the kaons

(K+) are accompanied by A hyperons, it is natural to

assume that the folding model is also capable for a
realistic estimation of the total cross section and
momentum spectra of the A hyperon production.
Therefore, the results of the folding model for the
differential A-spectra were used as an input for the
Boltzmann-Uehling-1Jhlenbeck (BUU) calculations
which enabled us to simulate the time development of the
A-nucleon dynamics in the target nucleus . First, a
hyperon may be attached to the nucleus without
rescattering, when it has been produced with kinetic
energy smaller than the attractive hyperon - nucleus
potential (of order of 27 MeV [12]) . In this case the
resulting total cross sections for hypernucleus production

proton - uranium collisions, depicted in Figure 1, are

rather small . The main contribution here comes from the
two-step process due to two factors [13] : the cross section
is larger for hyperon production (approximately one
order of magnitude in the proton beam energy range from
1 to 1 .5 GeV) and the hyperon momentum distribution is
shifted to smaller momenta as compared to the one-step
process (e.g. at a proton beam energy of 1 GeV the
maximum of the A momentum distribution is close to
300 MeV/c for the two-step, and 700 MeV/c for the one-
step process, respectively).

More involved calculations take into account the
rescattering of the A hyperon in the nucleus . This leads
to a slowing down of the hyperon and thus allows to
capture even a A hyperon with high initial momentum
by the mean field of the nucleus . The corresponding
calculations performed within BW demonstrate a very
significant increase of the cross section for hyper-
nucleus production (thick line in Figure 1) even by a
factor of 30 in comparison to the model which ignores
rescattering . The BUU calculations are capable also for
an estimation of the distribution of e.g. momentum,

AA, K+ production for p+ 238 U

Fig. 1 : Total production cross sections predicted for K +
mesons in the p+208Pb reaction (upper curve) and
for heavy A hypernuclei AA in the p±38U
reaction with and without rescattering . The dots
are the experi-mental KT production cross section
for p+208pb [11].
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excitation energy, angular momentum and mass of the
produced hypernuclei . In Figure 2 these distributions are
shown in histogram-like representation.

Simulation of PEuz=4 .5 GeV +
238 collision
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Fig. 2 : Distributions of momentum, excitation energy,
angular momentum and mass of A hypernuclei
produced in the 238U(p,K) reaction at 1 .5 GeV.

It has been found that in the p-238U reaction at
1 .5 GeV, the average mass A of the produced hyper-nuclei
is 233±3 . The angular momentum distribution first grows
linearly and then drops to 0 at - 70 h . The linear growth
means that the sticking probability as a function of
growing impact parameter varies rather slowly, until the
impact parameter reaches a value comparable with the
radius of the target nucleus . Then hypernuclei are no
longer produced and the angular momentum distribution
approaches zero . The momentum and excitation-energy
distributions are rather broad . We expect a significant ratio
of hypernuclei produced with low excitation energy (which
will prevent them from undergoing prompt fission), and
with high momentum (so that they will travel further away
from the target before they undergo weak nonrnesonic
lambda decay).
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Subthreshold Production of K" Mesons at the 0° Facility

H . 1tilüllera, T . Kirchner a, Ch. Schneidera, Ch . Schneidereita, M. Büscher, K . Sisternich, V.I. Kom .arovb , A. Sibirtsevb

The production of particles in proton-nucleus reactions at
energies below the corresponding threshold for free
nucleon-nucleon interactions is a typical cooperative
nuclear phenomenon, which is at present far from being
understood. Contradictory physical pictures are used to
interpret subthreshold production as for example the
consideration of high-momentum components in the
nuclear wave function, or the inclusion of clusters
consisting of several target nucleons, or the discussion of
multi-step processes. There is a close relation between the
structure of the involved nuclei and the interaction
mechanism . It is of principal importance for a correct
description of nuclear reactions at relativistic energies to
disentangle these two sides of the collision process.
Subthreshold production is expected to be a sensitive tool
for this purpose.

There are further reasons, peculiar to the type of the
considered particle, which make the investigation of K -
production especially interesting:

K- mesons may be produced via resonances. Well
established resonances are the «1020) meson, which
decays with nearly 50% probability into a K+K- pair,
and the A(1520)D03 resonance, which is, in a first step
produced together with a K+ meson. The A(1520)
decays then with about 23% probability into p+K - .

Other candidates are the fo(980) and the ao(980)
mesons the nature of which is still under discussion. It
is not clear if they can be considered as usual qq̀ states
of the quark model or if they should be interpreted as
K+K - molecules.

a There are recent discussions about a possible admixture
of ss components in the ground-state wave function of
nucleons . As a logical conclusion one may speculate
about consequences for strangeness production also at
subthreshold energies . The meson with its
predominant ss structure may be expected to be a
sensitive tool for this purpose.

So far, K" subthreshold production has been investigated in
the reactions C+C, Si+Si, and Ca+Ca at incident energies
between 1 and 2 .1 GeV/nucleon [1]. There are, however,
no data on K subthreshold production in hadron-induced
reactions . The interpretation of this type of reaction is a
necessary condition for the understanding of heavy-ion
interactions.

We propose to measure the energy-dependence of K-
production in proton-nucleus reactions below the nucleon-
nucleon threshold at 2 .5 GeV incident energy in order to
contribute to the solution of the above mentioned problems.
The COSY energy range is well suited to this kind of
investigation, and the planned 0° Facility [2] together with
the expected beam quality of COSY offers good conditions
for carrying out also difficult coincidence measurements .

Fig. 1 : Folding-model (curve) and ROC-model (histogram)
predictions for the K--momentum spectra produced
in p+Be collisions at Tp = 2 .5 GeV, integrated over
kaon-emission angles 8 S 10°.

Positively and negatively charged particles are separated incharged
the 0° Facility and will be measured at the opposite sides of

the magnet [3].

Since there are no data on K- production in proton-nucleus
(p+A) reactions at energies 2 .5 GeV available, we are
compelled to rely completely on model calculations in
preparing the planned experiments . In order to minimize
the uncertainties necessarily connected with such an
approach two quite different models, the folding and the
Rossendorf Collision (ROC) model, were applied. The

inclusive K- spectra as calculated by the two models are
compared in Fig . 1 (for details see [4]) . There is a
discrepancy of about one order of magnitude in the cross

section . This can be considered as a realistic estimate of
the uncertainties we have to cope with in preparing the
experiment.

The measurement of such an inclusive spectrum is usually
considered as a first step to differentiate between models.
However, there are problems because of the high
background arising from other reaction channels. For both
charge states of the kaon the production cross section is
about two orders of magnitude smaller than that of pions
(and protons) . The problem is well-known from the
planned investigation of K+ subthreshold production [5] . In
order to reduce the amount of data a fast trigger will be
used in the K+ experiment for finding on-line the true K +
events out of the background [6] . This system will allow a
,n+ suppression of more than 4 orders of magnitude and
offer a K+ detection efficiency of -15%. We intend to use
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the same fast trigger also for the measurement of correlated
K+ and K- mesons [3]. Then at the „negative" side of the
magnet only a relatively simple fast trigger for K- mesons
will be necessary, because the difference in the cross
sections for K- and 7C mesons becomes much less if they
are measured in coincidence with identified K + mesons as
can be seen from Fig. 2.

p(2 .5GeV)+ 12C ~ (K-Jr-)+K¢+X -

-

---

2.5GeV)+ i2C

	

K ¢ + K-+ X

0.155p(K')0 .6 GeV/c

via 6(1020)

via ac.(980)

via f,(8ß0)

	

_

Fig. 3 : Predicted invariant K}K - mass spectrum integrated
over emission angles 8 < 10° and the contributions from
¢(1020), ao(980) and fo(980) indicated.

7

Fig. 2 : ROC model predictions for the momentum spectra
of K - and 7f mesons correlated with K+ mesons at
angles 0 5 10° and in the momentum interval 0 .15
< p(K4) < 0 .6 GeV/c.

In the invariant mass spectrum (see Fig. 3) a rather clear
signal from the production of the K+K- pair via the
4(1020) resonance can be seen . The region below 1020
MeV is mainly populated via the a0 (980) and fo(980)
resonances . If it turns out that these two resonances are not
usual (Aquark model states then a much smaller cross
section in this mass region must be expected, at least from
the point of view of the ROC model . Thus, the
measurement of K+-K- correlations can be expected to
yield valuable information about the mechanism of
subthreshold production as well as about the nature of the
involved resonances.

a inst. fair Kern- und Hadronenphysik, FZ-Rossendorf,
Dresden, Germany, supported by 13M1 T

b Lab. of Nucl . Problems, 7INR Dubna, 141980 Dubna,
Russia
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The pA final state interaction effects in the pp->K ¢ Ap reaction at COSY

At present the main features of the pA interaction in the
region 0 .1-1 .0 GeV/c of laboratory momentum p A are

understood. The measured cross sections [1,2,3,4] are
described in the frame of the one-boson-exchange (OBE)
approach [5] . However, it is interesting also to verify the
low-energy pA amplitude, that is the S- and P-wave
effective-range parameters. One of the ways to get
experimental information in the range pA 5 0 .1 GeV/c is to
study the cross section and asymmetry of the reaction

PP-7'K ¢Ap

	

( 1 )

under the kinematical condition that the final A and p are
produced near the threshold and at small angles . The 0°

facility would offer such a possibility . Of coarse, the cross
sections and asymmetries are affected by rescattering of pA
which complicates the direct investigation of the pA low-
energy amplitude since one needs to deal with triangle
graphs in the final state interaction (FSI) . However, in

spite of this complication the observable effects should be
sufficiently sensitive to the effective-range parameters and
also to the off-shell behaviour of the pA amplitude.

We have considered the contributions to the cross section
and asymmetry in the reaction (1) from the triangle graphs
of the pA FSI as well as from the pole graphs of the one-
kaon-exchange (OKE) and the one-pion-exchange (OPE)
which are the main background contributions by the FSI.
The results of the calculations for 1 .65 GeV proton beam
energy are . shown in the Figs . 1 and 2 . The exclusive cross

5 o
section

	

d «

	

for the case of 6p = AK = 0° is shown
dp p di2 p di2K

in Fig. I as function of the momentum of the ejected

proton. Use of the pA amplitudes of Nagels et al . [5] yields
the clear bump around pp = 0 .8 GeVlc with a maximum
value of about 0 .1 mb. Use of the effective range

parameters obtained by Takahashi et al . [6] in the region

0 .73 < pp < 0 .85 GeV/c (pA < 0 .1 GeV/c) encreases this
maximum value to about 0 .3 nib which demonstrates the
sensitivity of the cross section to the parameterization. In
Fig. 2 the analysing power Az with respect to the
longitudinally polarized target is shown. It is zero around

= 0 .8 GeV/c which is due to the fact that near the
threshold the pA pair is in the S state . This peculiarity in
the behaviour of the analysing power could be an

additional criterion of the pA FSI dominance at this point.
The behaviour of the A Z at momenta > 0 .8 GeV/c has been
calculated separately for the diagrams with virtual pions
only and with virtual kaons only . The rather distinct
difference could he evidence to discriminate between both
mechanisms.

We would like . to acknowledge helpful discussion with

A. Sibirtsev.

Fig. 1 : Exclusive cross section for the reaction pp>K+Ap

at 1 .65 GeV and ejectile angles Op=OK=O°
calculated without PSI and with two different FSI
parametrizations.

Fig. 2 : Analysing power for the reaction pp -aK+ Ap with

longitudinally polarized target calculated with
exchange of virtual pions and/or kaons in the PSI.
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Time Dependence of Reaction Rates in COSY-Experiments with Solid Internal Targets

I-1.R Koch

In COSY-experiments, in which rare processes are studied,
e .g. the sub-NN-threshold production of kaons in nuclei
(COSY proposal no. 18, at the Zero-Degree-Facility), high
luminosities are aimed at. They are obtained with thin,
ribbon shaped solid targets at an internal target position.
For lO to protons per COSY-cycle luminosities in the order
of 10 33/s•cm2 can be achieved, giving rise to reaction rates,
which may be difficult to be treated by large acceptance
detectors and by the electronic and data acquisition system.
The mean rate amounts to wlO 8Is [1] . The maximum rates
may be considerably greater, if the target is moved rapidly
from its "parking position", where it must be placed during
the beam preparation phase, towards the center of the
beam. In this operation mode the rates are initially high
and diminish, as the number of particles circulating in the
ring decreases. The particle losses are mainly due to
multiple small angle Coulomb scattering in the target . The
bunch structure of the beam causes a further increase of the
maximum rates by a factor -.5 to mod() -compared with the
average values-, when the maximum of the bucket passes
the target . The experiments act .lally planned to be
performed at the Zero-Degree-Facility do not require
changes of the beam energy during the target irradiation
phase . Thus also a debunched beam can be used . However
in this case the beam momentum decreases continuously
because of energy loss in the target . Implications caused by
this effect depend on the momentum acceptance of the
storage ring and on the dispersion at the target position.

The actual reaction rate follows from the 'target hit
probabilities, which depend on the single particle
emittances s. y(i), the [3-functions at the target ß~ y , and on
the size and the position of the target. Also dispersion and
momentum deviation interfere. A certain circulating
particle passes the target plane within a rectangle of the
width xo(i) = grt(n (i)ß„) and the height yo(i) =
+sgrt(a}.(i)Jy) . The target hit probability is determined by
the degree of overlap of the xo, yo-rectangle with the target.
As long as there is no overlap (x- and y-direction) the
corresponding particle will not hit the target. Thus the
mean target hit probability, which is proportional to the
reaction rate, can be controlled through displacement of
the target . The goal is to obtain a rate, which is nearly
constant and which assumes a level acceptable for the
detectorr read outt ele~.iwcturonu~.s

c°u~ .
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Therefore calculations were performed using, the Monte
Carlo program STRAL [2] . In this code Coulomb
scattering and the ion-optical transformation of the particle
coordinates are simulated for each of the particles and for
every revolution in the storage ring . Particles, whose e,y (i)-
values exeed the ring acceptance, are removed . In an
extended version of the progam the target can be displaced
according to a predefined function of the number of bunch
revolutions in COSY, or the target position can be
controlled by a certain number of desired target hits per
revolution. Furthermore the x,y-distributions of the target
hits and the variation of these distributions with the
number of revolutions are determined.

The aim of the investigation, results of which are given
below, was the determination of the type of source
displacement, which leads to nearly constant rates . The
following input parameters were used:

projectiles :

	

protons of 1 GeV kinetic energy

target: vertically hanging carbon ribbon,
100µg/cm2, 2 mm wide, position of
lower border variable (controlled by hit
rate), higher border outside COSY
acceptance

ring acceptance:

	

s, = 130135 ir•mm•mrad

R-furtc ions at target :

	

f3yjy = 6 .6 / 2 .7 m

dispersion at target :

	

0

The assumed ring parameters are close to values which are
realistic for COSY, target place TPI or TP2 . The actual
calculations were performed for a 1 rng/cm 2 target in order
to save computing time . In this region the speed of beam
degradation scales with the inverse of the target thickness
[II . The results, quoted below, are derived from the
original ones by multiplying the number of revolutions by
10 . Thus the results correspond to a target thickness of 100
tag/crn2 . In the simulation calculation 1000 protons were
injected and accelerated . The position of the lower border
of the target was controlled by the actual frequency of
target hits . The aim at was set to a constant hit number per
revolution of 5% of the initial particle number.

Any simple estimation of the needed target displacements
is complicated because of the following facts:

for a thin target, the complete Coulomb-
scattering distribution must be considered.
the particle density distribution in the
transversal phase space strongly depends on the
emittances E y . It has a maximum for small s-
values and becomes very small for values close
to the ring acceptance.
the number of circulating particles decreases, the
emittances increase strongly with time .

0-
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number of revolutions 110'6

Fig. 1 : Position of lower border of the target as a function
of the number of particle revolutions in COSY,
leading to nearly constant reaction rates.
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The resulting target positions are shown in fig.l . The
development of the beam during the target irradation and
the target hit rate are given in fig .2 . The emittances are the
mean single particle emittances ( Es(i)I(number of
particles)) . We see, that the target hit rate can be kept
nearly constant up to 1 .7 . 106 revolutions, corresponding to
1 .2 s ( at I GeV we have 0 .7 pas per revolution) . As an
average a circulating particle hits the target ai70,000 times
before it is lost. For a nuclear cross section of 100 mbarn
the reaction probability amounts to 5 . 10 4 per target hit.
Thus .: 3% of the particles undergoe a nuclear reaction in
the target. The luminosity becomes 3 . 1033 Is•cm2 during the
irradiation phase.

Fig . 2 : Time dependence of the target hit rate.

Targets of the type described above will be used in the Zero
Degree Facility. Reaction products are analyzed by a dipole
magnet, requiring limitation of the reaction zone . Target

widths < 2 mm, as assumed above, correspond with the
spatial resolution of 2 to 5 mm at the side detectors of the
system. The vertical distribution of the target hits is less
critical as it does not influence the momentum resolution .

However its knowledge is important for proper ray tracing
of the observed reaction products . We see in fig .3, that the
hits are concentrated in the region 0 to 5 mm above the
beam axis, inspire of a maximum total height of nearly 18
mm. This behaviour is due to the concentration of the
single particle emittances around O.
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Fig . 3 : Distribution of hits on the ribbon shaped target . The
Y-coordinate refers to the beam &xis not to the

variable position of the lower target border.

The simulation calculations indicate, that the reaction rates
obtained with solid carbon targets can be well controlled by
postioning the target . At a proton beam energy of I GeV
the beam life time can easily be extended to srls . Longer
life times should be achievable through thinner or smaller
targets, or through slower motion of the target towards the
beam axis.
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Test at the TEP synchrotron of a prototype telescope for the K+ measurements with the 0° Facility:
Detector setup and performance of the components

R. Et3er, L. v. Horn, D . Kopyto,l~. Ohm, A . Franzen, M. Bilscher, B. Prietzschka, B . Rimarziga, Chr. Schneiders,
V. Chernyshevb , M. Chumakovb, V. KoptesF, S . Mikirtichyants`, V. Kruglov'd

At the 0° Facility [11 a TOF system as well as Cerenkov,
GE and veto counters will be used to identify uruumbigously
kaons among protons and pions which are produced with
cross sections up to 6 orders of magnitude higher. A
prototy pe of such a telescope has been tested at the syn-
chrotron of the Institute of Theoretical and Experi-mental
Physics (1'1 bP) in Moscow. The primary T = 2 .5 GeV pro-
ton beam was used to produce secondary particles which
were separated according to their momentum. Further-
more, these particles passed through two electrostatic
separators where according to their masses clean proton,
kaon and pion beams could be selected, see Fig. I . All our
measurements were done at p=545 MeV/c, the lowest rno-
menturn where still a reasonable kaon rate was available
and which is near the high-momentum end of the spectra
which will be studied at the 0°-Facility side detector.

Fig . I : The beam Iine for secondary particles with dipole
magnets D1 and D2, quadrupole magnets Q1 to Q6
and electrostatic separators S l and S2.

In this report we will concentrate on the performance of
individual counters used . Detailed information about kaon
identification and background rejection is given in [2).

Tab . I : Components of the telescope

wide and 30 cm long was placed vertically close to the exit
window of the beam line. For the approximately 30 cm
long bent light guides Plexiglass GS 233 was used . The
counter was read out by 1" photomultiplier tubes Philips
XP2972 on both ends . A second scintillator strip was
positioned horizontally in the center of the vertical START
counter in order to act as an active collimator. This strip
was directly read out by two 2" photomultiplier tubes
Philips XP2020 . This counter was used as reference for all
time measurements since its simple geometry led to a
better time resolution than was feasible with the START
counter described above. The STOP counter, 1 cm thick,
was placed 214 cm downstream of the START counter in a
frame together with the remaining parts of the telescope
(see Tab . 1) . These components of a width of 10 cm and a
height of 1 m were mounted vertically. Each end of the
seintillators (STOP, AE I , AE2 and Veto) was glued to a
fishtail light guide which was then coupled to a 2"
photomultiplier tube XP2020.

The data acquisition was based on a CAMAC system
controlled by a PC 486. For each event all the amplitudes
and the complete timing information were measured with
LeCroy FERA ADCs and TFCs . The system gate signal
was generated by a coincidence between the two START
counters and the STOP counter, using analog meantimers
to correct the timing signals for the light propagation time.

The counting rate during all maesurements was typically
below 2 . 104 cps so that chance coincidences were
negligible..

Fig . 2 shows the time-of-flight spectrum for pions and
protons measured with the unseparated beam . Due to the
low production cross section kaon events are not visible in

N.

Counter ~ thickness material

Start counter

	

1, horizontal 10.4 cm Pilot U
Start counter „2, vertical 0 .2 cm Pilot U
Stop counter 1 .0 cm BC-408
Cerenkov counter 5 .0 cm GS-218
Degrader 7 .3 cm Fe
A E counte r I1 1 .5 cm B C-4088
AE counter 12 2 .5 cm BC-408

1 .O cm

2000

450

	

500

	

550

	

600

	

650

	

700

1000

p : FWHM = 440ps ~

:r : F WHM = 580 ps rs
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The telescope employed in this experiment (see Tab . 1)
was designed for a particle momentum around 500 MeV/c_
We adapted it to the actual beam momentum by an
optimization of the degrader thickness . A START counter
as proposed in [3] made of PILOT U, 2 mm thick, 5 cm

Time-of-Flight [chnsl . 44 .5 0 .5 a7aP g

Fig . 2 : Time-of-flight spectrum measured with an
unseparated beam . The spectrum represents raw
data with no offline suppression.
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this plot . The spectrum indicates that the beam quality and
the performance of the detector system are good. A AE
spectrum is shown in [2].

Even with our preliminary Cerenkov counter using
XP2020 for readout the spectra allow a good
discrimination against pions, see Fig. 3 . By the use of 3"
photomultipliers the light collection efficiency will
increase from 30% to 48%. The pion and proton spectra
have been generated from the raw data by setting gates on
the corresponding peaks in the TOF spectrum . The
detection efficiency for protons is 18%, for pions it is 98%,
implying a very efficient pion suppression in experiments
aimed at kaon detection.

Fig . 3 : Charge-amplitude spectra of protons and pions
measured with the Cerenkov counter . The inset is
the portion of the spectrum for higher channel
numbers where pious dominate.
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beam size along the
scintillator_ 3 cm
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Tschs [chns], 44.5 ~ 0 .5 ~- Ps i

Fig. 5 : Tinning distribution of the vertical START counter
for pions.

as is indicated by the shape of the well separated proton
and pion peaks . The distribution of the pion events as a
function of the time sum of both PMTs is shown in Fig. 5.
The resolution of 830 ps F` HM still needs some
improvement . Therefore we consider the following
measures:

(1)The amplitudes of the vertical START counter were
limited to 200 mV for 545 MeV/e protons . Therefore
the use of a constant fraction discriminator instead of a
leading edge discriminator is mandatory . Furthermore
the gain of the PMT XP2972 should be increased by
modifying the voltage divider.

(2)Because of the shorter wavelength of the light emitted
by PILOT U the use of ultraviolet transmitting
Plexiglass, e .g. GS218, instead of GS233 is expected to
increase the light transmission by about a factor of 2.
The time resolution will be improved accordingly.
Alternatively, (standard) Plexiglass GS233 used
together with scintillator materials with larger
wavelengths (e .g . : BICRON BC408 or NUCLEAR
ENTERPRISES NE 122) might lead to a better timing
resolution despite their longer time constants . They are
'slower' but according to [4] photoelectron statistics is
the dominating factor of the timing resolution.
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Fig. 4 : Charge-amplitude spectrum measured with the
START counter with an unseparated beam.

The charge-amplitude spectrum of the vertical START
counter is shown in Fig. 4 . Despite the expected low light
output still a reasonable pulse-height resolution is achieved
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Test at the ITEP synchrotron of a prototype telescope for the K measurements with the 0° Facility:
Particle identification and verification of LEANT simulations

A. Franzen, M. Biiseher, R. El3er, L . v. Horn, D . Kopyto, H. Ohm, B. Prietzschka, B . Rirnarziga, C . Schneider a,
V. Kruglovb,a, A. Akindinovc , M. Chuxitakovc , V. Demechinc , A. Gerasimovc , V . Goryachevc, V. Kostrominc, V. Sopovc ,

V. Tchernyshev°, V. Koptevd, S. Mikirtychantzd

The side-detector system of the 0° Facility (1] will consist
of a start-counter wall and of 13 telescopes which will
allow to measure K+ mesons in the momentum range
pä150-470 MeV/c [2] . A telescope similar to the ones
planned for the 0° Facility has been tested at FTEP,
Moscow, where a proton synchrotron delivers protons with
energies up to 10 GeV. Secondary particles are generated
at internal targets (Be) . Using an electrostatic and
magnetic separator one can get pure pion, kaon or proton
beams with very low background of other particles
(< 1%) . The detection efficiencies for these particles have
been extracted from the experimental data and compared
with the results of simulation calculationsucalculations performed ,vith
GEANT'3 .15, modified with MicRes, a code for the
hadronic interactions.

At ITEP a telescope consisting of the components given in
Tab. 1 and shown in Fig. I was used [3] . The thickness of
the first degrader, which is necessary to get a good Kin
separation in the AE counters, was optimized experi-
mentally by maximizing the K¢ energy loss in the AE
counters. For the AE counters a total thickness of 4 cm was
chosen. This is equal to the thickness of the AE counters
which will be used at the 0° Facility for momenta of
pg--450 McVic . The flight path between the start and stop
counters for the TOF measurements was 2,14 m.

Stop

Cerenkov

Degrader t1
58cm

AE ~i

AE p'2
Degrader t'2
Veto

Fig. 1 : Sketch of the telescope . The start counters were
mounted perpendicular to each other in order to
define the beam position . The second degrader in
front of the veto counter was necessary to stop kaon
which pass through the AE counters.

1
	 I	 I

~ Counter thickness inaterial

Start counter

	

horizontal 0 .4 cm Pilot U
Start counter ~2, vertical 0 .2 cm Pilot U
Stop counter 1 .0 crc► B^-408
Cerenkov counter 5 .0 cm

	

~ GS-218
Degrader 7 .3 cm Fe
~E counter 1 .5 cm BC-408
&E counter ~2

	

f 2 .5 cm BC-408
Degrader g2 1 .2 cm Fe
Veto counter 1 .0 cm BC-408

Tab. 1 : Components of the detectors used in the telescope.
The start counters were 30 cm high and 3 and 5
cm wide, respectively. The height of all other
counters was 100 cm, the width 10 cm . The
thickness of the degraders was optimized
experimentally. For all counters Philips XP2020
photomultipliers except the vertical start counter
(XP2972) were used.

The particle momenta were extracted from the data by
comparing the measured TOP difference of protons and
pions with simulated TOF spectra for various momenta . In
the simulations all energy losses (start counter, air between
start and stop counter) were taken into account . This yields
a momentum of 545 MeV/c. This momentum is higher
than the momenta of the ejectiles at the 0° Facility, but at
ITEP only a reasonable kaon rate was available at
momenta higher than 500 MeV/c . The momentum
acceptance ApIp of the separator was about 3% .

Runs with three different beams - separated kaon or pion
beams and a mixed beam with kaons, pions and protons -
were carried out during 27 hours and 5 . 10 5 pions, 5 . 10 5
protons and 7 . 102 kaons were collected. Fig. 2 shows AE
spectra for pions and kaons . From these data the gates
which have to be set on the various spectra to identify the
three different particles were defined. For kaons and pions
the separated kaon and pion beams, for the protons the
mixed beams were used. A particle is identified as a
proton, pion or kaon, respectively, if it lies inside the TOF
gate of the corresponding run . The detection efficiencies
for the cuts in various spectra were extracted from the data
and are summarized in Tab . 2. For instance one can
achieve a kaon detection efficiency of 34% with less than
0 .01% for pions and protons if the informations AE Stop'
Cerenkov and AE A p are used . The values for the detection
efficiencies using also the signals from the veto counter,
which was installed to suppress the pions, are not shown
in the table . It turned out that the pion suppression is not
improved by this counter. These counters will, however,
be useful to reject background of scattered particles at
the 0° Facility. At the 0° Facility one expects an even
better detection efficiency and background suppression [2]
than the values shown in Tab. 2 since here - due to
the lower K+ momenta - the degrader thicknesses can be
chosen smaller, a more compact setup is possible and, thus,
edge effects (particles which are scattered out of
the telescope) and background from hadronic processes
contribute less. Furthermore, the total AE-counter
thickness of 4 cm in the I'1°EP experiment was smaller
than the optimum thickness for particle momenta
p..5.45 MeV/c and, therefore, a higher pion
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Table 2:
Measured detection efficiencies
in %, relative to the number of
particles in the TOF gates for
different particles with gates
set in the spectra of the
corresponding detectors or
combinations of these in
comparison to the numbers
obtained from GEANT
simulations . The first column
shows the particle for which
the cuts in the various spectra
are set, the second column the
particle for which the detection
efficiency is given.

AEstop Cerenkov ®EaE AEstop
+Cerenkov

AEstop
+AEAE

estop
+Cerenkov
+AEaa

K K Exp. 87 .2 93 .8 37 .0 84 .8 34.1 33 .6
Sim . 94 .3 47 .5 46 .3

0 .5 0 .009
aim

0 .3
p Exp . 1 .4 99 .7 0 .033 1 .4 0 .0 0 .0

Sim . 0 .05 0 .05 0 .0

Exp . 98 .7 97 .3 1 55 .4 96 .3 i

	

55 .2 54.5
Sim . 94 .8 58 .9 56 .5

K Exp . 96 .2 15 .2 20 .9 13 .7 20 .4 4 .7
Sim . 98 .1 15 .6 15 .5

p Exp . 4 .1 0 .6 0 .4 0 .040 0 .033 0 .020
Sim . 0 .09 0.16 0 .0

p p Exp . 95 .7 88 .9 99 .5 84 .9 95 .2 84 .7
Sim. 99 .9 99 .8 99 .7
Exp. 43 .6 39 .3 0 .5 0 .9 0.5-
Sim.

IHE
33 .1 1 .5

Epp .
Li

1 .- 39.0 0 .19 0.8 0.18
Sim .

	

1i 5 .2 34.7(2.5

suppression with the ALE signals at the 0° Facility
(p<_475 MeV/c) will be possible.

The main goal of the measurements was a test of our
simulation calculations. In the simulations the geometry
described above and a particle momentum of 545 MeV/c
were used and a momentum spread of Ap/p=3% was
assumed. The beam profile was approximated by a
rectangular distribution. The time of flight between the
start and stop counters and the energy loss in the stop and
the ALE counters were calculated. Since the simulation of
Cerenkov counters is not possible with GEANT3 .15 this

i~
10

	

20

	

0 0
AE [RdeVJ

Fig . 2 : Comparison of the sum of the energy losses in the
two AE counters for pions and kaons . The solid line
represents the experimental data, the dashed line
the simulated spectra. The gate in the pion spectrum
was set to 0 MeV < AE <_ 11 MeV and in the kaon
spectrum to AE>_18 MeV. The low energy peak in
the pion spectrum is caused by pions which hit only
the first AE counter. The low energy peak in the
kaon spectrum is caused by fs from K+ decay.

counter is treated only as a passive degrader . To compare
the simulated and measured AE spectra the Iatter were
calibrated linearly : In the stop counter the maximum of the
pion and proton peaks, in the AE counters the pion and the
ALE=0 MeV peaks were used . Fig, 2 shows the simulated

spectra in comparison to the measured ones. It can be seen
that there is good agreement between the simulations and
the data . The simulated detection efficiencies are also
given in Tab. 2.

It should be noted that in addition to the background
reduction factors from Tab . 2 using the AEs, Cerenkov
and AEAE informations there is a substantial further
reduction of pions and protons from the TOF spectra. In
the case of a pure pion beam - that means that one assumes
that there are no background particles in the pion beam -
only 0.37% of the pions are lying in the TOF gate for the
kaons . Thus, a total pion suppression of better than
9 . 10-5 . 3 .7 . 10-3 = 3 .3 . 10 -7

can be achieved.

Summarizing, there is good agreement between the data
measured at 1'1'ß:t? and our simulated spectra. We,
therefore, expect that the K¢-detection efficiencies and
background-suppression factors from [2] which are
necessary for the subthreshold K+ studies at the 00 Facility
will be achieved.
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Design Studies on Telescopes for the 0° Facility at COSY

R Flier, S . Geisler, U . Rindfleisch, H. Hadamek, H. Ohm

An array of telescopes consisting of scintillation and
Cerenkov counters as well as degraders will be used for
particle identification in the side detecto r of the .,0 0 Facility~
[I,2] . The telescopes will be mounted on a movable
platform coupled with the spectrometer dipole D2 so that
all telescopes have a well defined position with respect to
the spectrometer . Each telescope will be an independent
module giving maximum flexibility in its use . Thus it can
be installed in other experimental areas for tests and
physics experiments . It is foreseen that the telescopes can
be adjusted to the mode of operation of the 0° Facility by
shifting them on the platform so that for different magnetic
fields in D2 each telescope is hit by particles having
momenta for which it has been optimized.

The telescopes have to be very compact because any gap
between successive counters would reduce the angular
acceptance. A solution with standard straight connections
between PMTs, light guides and scintillators is rendered
impracticable because the size of the PMTs and their bases
would cause a large telescope thickness . On the other
hand, long and bent light guides are not affordable since
they would deteriorate in particular the very good timing
resolution which is crucial for the required high
suppression of background events . Therefore we have
considered various coupling geometries including
rectangular joints between scintillators and photomultiplier
tubes in order to find an optimal geometry.

Each telescope will have a support structure which is open
towards D2 thus avoiding that any structural material is hit
by particles . It must not exceed the 10 cm width of the
individual scintillation counters and have no protruding
components which would interfere with neighbouring
telescopes . Stress on the delicate scintillator material due
to thermal expansion must be avoided as far as possible.
Therefore a self-compensating support is foreseen using
either springs or counterbalances. Optical coupling
between PMs, light guides and scintillators will be realised
by glueing so as to grantee a reliable joint with optimal
light transmission. It is planned to achieve the light
tightness with rubes of black plastic foils which enclose
each paddle including both photomultiplier tubes.

References:
I . K. Sistemich et al., contribution to this report, p . 41
2 . O. Schult et at., Ann. Rep . KFA-IKP 1993, p. 39

Fig. 1 : Design variant of a telescope for the 0° Facility . It is
indicated that the structure holding the upper
photomultiplier tubes is movable and counter-
balanced by a weight which compensates for
thermal expansion . Along the beam the first counter
is a stop counter which is followed by a Cerenkov
counter, a degrader (hatched), a AE counter, a
second thin degrader and a Veto counter.
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Detection efficiencies of the side--detector system for subthreshold ¢ studies at the 0° Facility

A. Franzen, M. Büscher

The side-detector (SD) system of the 0° Facility [1] will
mainly consist of multiwire proportional chambers for
track reconstruction and of detectors for TOF and AE
measurements to identify kaons and to suppress the large
background (protons and pions coming directly from the
target and particles scattered at the magnet iron) . The
passage of the ejectiles through the spectrometer and the
time-of-flight and AE spectra were simulated. From these
spectra the detection efficiencies and counting rates for
kaons and background particles were determined. The
simulations were made with GEANT3 .15, modified with
MicRes, a code for the hadronic interactions . All effects as
decay in flight and hadronic interactions in parts of the
dipole have been included.

The geometry of the 0° Facility and the detection system
are shown in [1,2]. The SD system consists of a TOF-start
counter wall and 13 telescopes which cover a momentum
range p--140-450 MeV/c . The telescopes are placed
perpendicular to the 0° trajectories . Each telescope is
10 cm wide corresponding to a momentum spread Alsip of
13% (1'` tel .) - 7% (13 `h tel.) and will consist of TOF-stop,
AE and veto counters, and above 300 MeV/c (gth telescope)
in addition Cerenkov counters will be used . Furthermore,
the telescopes contain degraders in front of the AE counters
in the imaging surface of the spectrometer dipole to tune
the energy of the ejectiles in such a way that the K+/x
separation is optimized. Two apertures at the entrance of
the spectrometer magnet restrict the ejectile angles to
3 <_ 15° . The two wire chambers also serve for further
background suppression.

In the simulations the response of the telescopes and wire
chambers have been simulated by tracking the particles
from the target through the magnetic field into the
telescopes . For the simulation of the kaons a 'realistic'
momentum and angular distribution from [3] was started at
the target. For the simulation of the background, protons

with Tr=l GeV were started in front of a 12 C target and the
reaction products were traced . Here particles coming
directly from the target as well as the particles which are
scattered at the magnet iron were taken into consideration.
It turned out, that the number of particles which are
scattered in the magnet iron is roughly equal to the number
of protons and pions coming directly from the target, see
Fig. I.

With a realistic luminosity of 4 . 1032 cm 2s
1 (on an average

4 . 10 14 protons per second on a 20 p.g/cm2 12 C target with

10 10 protons in the ring) one expects a total counting rate
of about 20000 events per telescope per second . Only those
particles are accepted which hit the right combination of
start and stop counters corresponding to emission angles at
the target of & 5 10°. With this coincidence matrix one can
suppress 35% of the scattered background particles . Gates
were set on the TOF and AE spectra in each telescope . Fig.
2 and 3 show the spectra in the 7 th telescope (275-300
MeV/c) for TOF and AEAE . It can be seen from the figures

Fig. 2 : a) TOF spectra for kaons and myons, b) TOF
spectra for the background events . The gate for K-
detection is set to 7 .1 ns 5 TOFs r _5. 9.0 ns.

b

5

a6
©E ec €MeV7

Fig .

	

Number of events in the stop telescopes 1 through
13 . The upper spectra (a) show the kaons (black)
and the rayons (dotted) from kaon decay, the
lower Co) the background events (direct particles
black, scattered particles dotted) .

Fig . 3 : a) AE AE spectra for kaons and myons, b) AE AE for
the background events . The gate for K ` detection is
set to 14 MeV 5 AEAE 5 40 MeV.
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Telescope Nr . 1 2 3 4

	

5 6 7 8 9 10 11 12 13

Decay in flight 31 31 32 32 33 33 34 35 35 36 36 36 36

TOF K
p, r scat .

100

16

92

20

92

17

92

25

88

15

99

34

96

28

88

32

97

51

99

51

95

43

89

30

100
37

AEAE K

p,~r scat .

88

22

81

24

78

7

71

27

72

10

69

17

67

8
68
17

59
21

67
12

52

12

Veto K
p,r scat .

95
15

94
20

88
19

97
30

97
27

97
27

95
36

88

37

97

46

97

48

93

56

96
74

91
77

Wire chambers K
p,ar scat .

95
8

89
13

92
7

94

5

93

6
97

7
98

5
98

9
96

6
97
11

93
4

94
7

100

8
K
p, r scat .

78
0

68
0

64
0

70
0

65
0

74
0

65
0

54
0

65
0

58
0

60
0

48
0

49
0

Tab. 1. : Detection efficiencies for kaons and background particles in % . Since all protons and pions coming directly from the
target (11000 particles in the simulation) can be rejected by using TOF and AE AE , only the numbers for protons
and pions scattered at the magnet iron are given . . The numbers for the survival probability can be taken from line
Decay in flight'.`TOF' is the time-of-flight difference between the start and stop counters and 'AE AE ' the energy
loss in the AE counters of the telescopes . `Veto' includes the time-of-flight difference between the stop and the veto
counters in one telescope . `Wire chambers' uses only the height information from the wire chambers . 20-50% of the
kaons are lost in the counters due to edge effects . The efficiencies for kaons are relative to the number of kaons
reaching the TOF-stop counter. They have to be corrected for decay in flight between target and stop detectors. Note,
that the number in the line `all' i s not the product of the other numbers.

that the suppression of the particles coming directly from
the target (protons and pions) is very good . One can reject
all direct background protons and pions by only using the
TOF and the AB information, in accordance with (4).
However, some of the scattered particles lie inside the gate
for kaon identification. But, since the scattered particles
come from other directions than the direct ones, the
information from the two wire chambers will be used for
further suppression. Thus, with the information on the
trajectories a detection efficiency of nearly 100% for the
kaons and a suppression factor of more than 90% for the
scattered background can be achieved . It must be noted,
however, that this information can only be used in the off-
line analysis; it cannot be included in the fast trigger,

whereas the height info; tion from the start and stop
counters can be used on-line (see below) . Because of the
good suppression of the direct background particles the
results for the detection efficiencies for each telescope are
given in Tab. 1 only for the scattered background. One can
see, that the AEAE signal is most efficient to reject scattered
background particles - apart from the off-line information
one gets from the wire chambers. Using TOF, AE, veto
(Rejection of particles giving a signal in the veto counters
shortly after the TOF signal . As the kaons will be stopped
in the AE counter, the µ's from kaon decay will give a
delayed signal in these counters ('CK = 12.4 ns)) and the
wire chamber information one can gain detection
efficiencies between 20 and 25% for kaons - including
decay in flight - while suppressing all background particles
(-23000 particles in the simulation) . Due to decay in
flight only 30 to 35% of the kaons will reach the stop
telescopes . The simulation of Cerenkov counters is only
possible with GEANT3 .16, which was not available during
these studies, but test measurements at ITEPIMoscow
showed, that one can sup press the background by a factor
of -10 using these counters .

The total rate summed over all telescopes will be
-3 . 105s 1 . Using the information from the time-of-flight
and energy loss, and height information from the start and
the stop counters with a spatial resolution of Ax = 4 cm for
the stop and Ax = 5 cm for the start counters, one can
achieve an on-line suppression by a factor of 4 . 10 2
Ieading to 750 events per second on tape, which is
possible.

References;
I . K. Sistemich et al., contribution to this report, p . 41
2. O . Schult et al ., IKP Annual Report 1993, p . 39
3. A .A. Sibirtsev, M. Bilscher, Z. Phys . A347, 191-202

(1994)
4. S . Kopyto, M. Biischer, IK' Annual Report 1993, p . 49
5. A. Franzen et al ., contribution to this report, p . 54
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Design of a Multiwire Proportional Chamber for the 0°-Facility

L. v . Horn, D . Gotta, H. Ohm, H. Wyrwich', Th . Kirchnerb , H. Müllerb , Ch. Schneiderb

At the 0°-Facility the tracks of the ejectiles will be
measured with the use of two Multiwire Proportional
Chambers MWC1 and MWC2 [I1, providing basic
information for the reconstruction of the ejectile momenta
and emission angles at the target.

Fig. 1 :Drawing of the design. of the muit^wire chamber

MWC1 . A cut through the upper part of the frame is
shown.

A stable operation of a multiwire chamber under high
voltage and a uniform response over the whole active area
can only be guaranteed if the electrodes stay precisely at
their positions . For this reason, wires and foils are
mounted on their frames with a certain tension which for
the wires is close to their tensile strength. The resulting
forces on the frame will cause a bending of it which means
a reduction of the Wire tension . Usually, for multiwire
chambers the frames are chosen so massive that the
reduced tension will stay in the regime where a stable
operating is guaranteed . However, for the chamber close to
the dipole magnet D2 of the 0°-Facility, there will not be
sufficient space, so that this simple approach is not
possible (see also [21). Therefore, for this chamber, the
wires and the foils are mounted on prebent frames which
are made of epoxy material and stainless steel to gain
stability, see Fig. 1. The special assembling method
requires a certain knowledge of the shape of the bent
frames which was calculated by the „Finite Element
Methode" (FEM) at ZAT, KFA-Jülich . To reduce computer

calculation time. the FEM code was run for a simplified
model of. the chamber where smaller grooves where
omitted. Because of symmetry, it is sufficient to use a
model which corresponds to a quarter of the whole frame.
Tensions in the material and the torsion due the load of
anodes and cathodes were investigated in the calculations
[3] but no critical values were detected. They would have

required a redisign . The main question for the calculations
was the shape of the bent frame . In the calculations a slight
decrease of the foil tension, which may happen due to
relaxation effects, was taken into account . For this reason,
the calculation was repeated for another load assuming
only half of the foil tension, which would mean a strong
relaxation, see Fig . 2 . A change of the shape of the frame
caused by a decrease of the foil tensions will lead to a
higher wire tension by increasing the length of the wires.
But the two calculations show that even for an assumed
extreme reduction of the foil tension the wire tensions will
stay in the range where a stable operation is guaranteed.

shift:

E
E

c:i

Fig . 2 : The model of the multiwire chamber MWCI on
which the „Finite Element" calculations were
performed (dashed lines) . The bent frame is drawn

with solind lines. The shift has been increased by a
factor of 100 to make it visible.

In the assembling process the wires and foils will be
mounted on frames which are prebent to the calculated
shape. So the FEM calculations prove that the stability of
the chamber frame will be sufficient for the proposed
assembling and mounting method providing informations
on the bending of the frame which are essential for the
assembling process.

ZAT, KFA Jülich, Germany
b FZ Rossendorf, Dresden, Germany, supported by

BMF'i`
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The Multiwire Chamber 11111VC I for the 0°-s'aciltity

Ch . Schneid&, Th . K .irchnera, H . Müllera, L . v . Horn, H . Ohm, V. Kruglovb

At the 0°-Facility two multiwire chambers will be installed
for the reconstruction of the particle trajectories. The main
task of these chambers is therefore the position
measurement of the particle tracks.

In this contribution we concentrate on the chamber
I-WC 1 which is, together with the start scintillators,
located near the magnet. Since the achievable position
resolution is restricted to about 5 mm mainly due to small
angle scattering [1l, we decided to build a chamber in
which only anode readout is employed . So we can use
conductive foils as cathodes.

With the chosen wire distance of 2 .54 mm we are below
the necessary resolution and have an easy connection to the
pin raster of the readout electronics, RAL 110, 111 [21 For
the cathodes we have looked for a material with high
resistance in order to limit the current inside the chamber
in the case of spark breakdowns. Furthermore the
conductive material should have a high electron work
function because the photo electrons produced in the
cathode material increase the noise and worsen the
operating conditions inside the chamber. From our point of
view a foil with carbon as conductive material fullfils these
conditions better than the usually used aluminium.

To test the counting behaviour of such a type of chamber
we built a small test chamber with a sensitive area of 200
mm x 145 mm and with wire distance 2 .5 rel . The wires
with diameters 20 lam are made from tungsten covered by a
thin gold layer. The mylar foil we used has a thickness of
26 lam with a 6 lam thick carbon layer on it . Test
measurements with a 2 .5 GeV beam consisting of pions,
protons and kaons were performed at the ITEP Moscow.

In this experiment our test chamber and a beam monitor
were bated between arrays of scintillation counters used
as trigger for the efficiency measurement of the chamber. If
we compare the sensitive areas and spatial positions of the
counters, the angular acceptances a 1 , a2, and a3 (see
Fig .l), along the vertical direction we get for the trigger
counters a3 =26°, for the test chamber a 1 =6 .6° and for the
beam monitor a2=6.5°. From the beam monitor we know

Fig . i : Schema of the detector arrangement from the side
view.

that most parts of the gaussian like profile of the beam are
inside the sensitive area of the beam monitor . The beam
monitor can detect 88% of the full beam due to the size an
position of its sensitive area . That is why we can detect
with the given angular acceptance of the test chamber only
about 90% of the full beam . From Fig 2 we see that we
measure 91% of all beam particles . This is about 100%
efficiency in our estimation about the angular acceptances
of the counters . A second indication that the detection
efficiency is close to 100% is the plateau in Fig . 1 for high
voltage > 2900 V.This result gives confidence in the
reliability of the concept chosen for the chamber.

Fig. 2 : The Efficiency curve shows the ratio of counted to
the triggered events in the chamber.

The complete outline of the start chamber with a sensitive
area of 1303 mm x 350 mm is shown in Fig. 3 . The outer
dimensions are 1403 ream x 510 mm. For the determination
of the particle position in horizontal (x) and vertical (y)
direction we have 3 anode planes with 512 wires each,
denoted as Anode I-III in Fig . 3 . The plane Anode I with
the wires in vertical direction measures the x co-ordinate
and the planes Anode 11+111 with inclined wires, +/-30
degree, the y co-ordinate. Corresponding to the 3 anode
planes there are 4 cathode planes denoted as Cathode I to
IV. The frames of all anode and cathode planes are . made
from a fibre glass epoxy compound called Stesalit.

Cathodes II and III have mylar foils with carbon layers on
both sides, Cathodes I and IV have only one layer of
carbon on the side that is oriented to the anode planes.
Because the . gap between anode and cathode equals the
width of a Stesalit frame the cathodes and anodes are
mounted always on the same side of the Stesalit frames . In
Fig.

	

these are the sides

	

direction to the frame3
Support I.

The anodes are on . ground and the high voltage is on the
cathodes, so that the window foils should be again on
ground potential to have electrostatic equilibrium
conditions in the chamber. Therefore we use an additional
cathode frame (Window 1) as fixing frame for the front
window to have the distance of 5 mm between the cathode
and the window foil . The window foil consist of 25 lam
Kapton .
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On the top sides two support frames (Support I, II) stabilise

	

a Forschungszentrum Rossendorf, Germany, supported
the chamber . Since the chamber MWC 1 is placed in the

	

by BMFT and Forschungszentrum Jülich
fringing field of the magnet D2 the support frames are

	

b JINR Dubna, Russia
made from stainless steel . The second gas isolating
window is fixed on the frame Support 11.
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Determination of the transverse dimensions of the stop modules of the side-detector system of the 0° Facility

A. Kacharavaa, O. R4acharashvili8, M . Nioradzea

The goal of the present article is the estimation of the
widths of the stop modules of the side detector system at
the COSY ZDF setup [1] . Estimations were made taking
into account the imaging properties and aberrations of the
spectrometer dipole D2 as well as particle deflection due to
multiple Coulomb scattering in the various components of
the setup.

We consider the P mode [2] with a homogeneous
magnetic field of 12 .8 k0. The placement of the stop teles-
copes [3] corresponds to the setup defined earlier. We deal
with ejectiles with emission angles of -10° < 9 < 10°
relative to the axis of the proton beam inpinging on the
target . The vertical emission angle is cß=0°.

In order to determine the imaging surface of the magnet
D2, two particles with the same momenta and horizontal
angles 9 = -5° and +5° were generated as emitted from the
target located at 35 cm in front of the magnet iron . The
intersection point (Xi Zf) of these trajectories defines the
focal surface.

In real experimental conditions the trajectories will he
distorted by multiple scattering. This distortion is higher
for low momenta. On the other hand the corresponding
spread for low and high momenta will be almost equal,
because of the long flight path for higher-momenta
particles. The crossing points of particles with equal
momenta with uniformly distributed emission angles
define a 'spot' in the XOZ plane. The sizes of this 'spot'
are determined by the continuous character of multiple-
scattering fluctuations . In that, the envelope of the
intersection points of all trajectories is a volume which is
oriented along the track of particle with 9 = 0°, i .e. along
the corresponding module axes (ZL coordinates). The
transverse size (XL coordinates) sets a lower limit for the
width of the designed module since the module width must
be at least not less than the transverse spot size.

The projected spot sizes defined purely by geometrical
aberrations are presented in Fig . I at minimum and
maximum momenta and in Fig . 2 for K mesons including
multiple scattering . To obtain these distributions two tracks
with the same momenta and uniformly distributed in the
range of emission angles (-10°, +10°) were generated . In
these distributions the point ZI, = 0, XL = 0 corresponds to
the 'middle" point defined as the crossing point of tracks
with 9 _ -I°, +I° . It can b° seen that the spot shape is
increasingly rronsymmetric with momentum . When
multiple scattering is included this asymmetricity is
somewhat smoothed.

From these figures we conclude that the spot width cr,
(standard deviation) does not depend on particle
momentum and approximately equals ßx = 3 .0 cm for K

mesons . It means that in the momentum range 150 - 600
MeV/c the module transverse sizes would be recommended
the same for all modules and equal to be in the range
10- 12 cm (± 2o-x) .

Fig. I : The spot sizes defined by aberration effects only in
the module local frame at minimum (upper) and
maximum (lower) momenta (= 150 and - 600
MeV/c).

Fig . 2 : Spot sizes for K÷ mesons in the module local frame
(accounting for aberration and deflection) at
minimum (upper) and maximum (lower) momenta.

a IEPITU Tbilisi, Georgia; supported by the
International Science Foundation
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Expected missing-mass resolution in the deuteron-fragmentation experiment at the ZDF
and conditions for studies of the pp-appcp process

M. Btischer, O .E . Gorchakov a, V.I. Korimarova, H. Mtillerb, A .Yu. Petrusa, A. I. Puzynina , M.G. Sapozhnikova,
H. Seyfarth, K . Sistemich

One of the crucial points for the deuteron break-up study at
the 0° Facility (ZDF) is the possibility to distinguish
between simple break-up with only three nucleons iu the
final state and fragmentation with pion production . Separa-
tion of both processes can be obtained from the missing-
mass spectrum deduced from the measured momenta of the
forward and backward emitted protons. The quality of the
separation depends as well on the missing-mass resolution
as on the relative intensity of the processes at the special
kinematic choice.

All the simulations were performed using the GEANT
program package . The description of the set-up included
field maps of the dipole magnets DI and D2, the material
in the particle paths and the spatial resolution of the
multiwire chambers (o f = 330 pm for the forward M`.'PC
and ab = 200 p.m for the backward MVJDC) . Energy
losses, multiple scattering, and nuclear interactions of the
particles in the materials were taken into account . A
deuteron gas-cell target [1] was considered with a
cylindrical aluminum cell of 2 cm diameter, 20 cm length
(along the beam), and 0 .5 mm wall thickness . Momentum
and angular dispersion of the beam of 2 mm diameter in
the interaction region were neglected . The set of pd-
interaction events for 2 .5 GeV beam energy was produced
using the code of the Rossendorf collision model [2]. The
proton momenta at the target were determined from the
track coordinates in the detectors by the reconstruction
procedure described elsewhere [3] . The resulting missing-
mass spectra for an ideal pointlike target and the extended
one are shown in Fig. 1 . The broadening of the mass-line
for the missing neutron, caused by the large dimension of
the interaction region, does not abolish the possibility to
separate the break-up channel and the rather low
background from the pion-production channel.

The same kind of calculation has been performed for a
study of 41-meson production in the interaction of the
polarized proton beam with a polarized proton target:

~p pp~ . This process attracts attention as a possible
way to search for manifestation of strange quark-antiquark
pairs in the structure of the proton [4] . As a first stage we
have looked for the acceptance of the spectrometer while
detecting the proton pair in the forward detector and the K +
meson from decay in the side detector . The calculation
has been performed for a beam energy 6 MeV above
threshold . The field strength in the dipole magnet D2 was
optimized for the momentum acceptance yielding a
detection probability of 23% deter-mined by the acceptance
and the K+ decay . The simulated $ missing-mass line has a
FWHM of 1 .3 MeV which demonstrates the promising
conditions for this study.
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Fig . 1 : Calculated missing-mass spectra with a: pointlike
target, b : cell target with deuterium-density
distribution as shown in the insert.
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The preparation of the Backward Detector System for the 0° Facility

V.I . Komarove, A.V. Kulikov', A_Yu. Petras°, V.V. Sidorkin 8, B .Zh . Zalikhanova, H. Ohm, R. Schleichert, H . Seyfarth,
H . Miillerb, S . Abdulaeizov°, S .V. Trusov'

The backward detector assembly is an essential part of the
0°-Facility (7,_„jD detector system permitting the study of
particle ejection in a kinematic region forbidden for free
N-N collisions [1,2j. It consists of three drift chamber
packages, scintillation counter hodoscopes, and
anticoincidence veto counters . The detector is dedicated to
anglular and momentum measurements on particles with
emission angles close to 180° . Mass identification is
achieved by El, 6E2, and Veto counters. The hodoscope
can also provide event arrival times when it is operated as
a trigger in coincidence measurements with other ZDF
detectors.

The most time consuming part of the drift chamber
production - manufacturing of the carrying frames and
assembling of the chambers - is completed at present . Wire

winding and mounting of the chambers are scheduled for
the next year. The work on the lay-out of the hodoscope
now is in the final stage. The scintillators are under
production and the counter-prototype modules have been
prepared . The modules consist of 36 cm long plastic
scintillators with cross sections of 6 x 2 cm2 and 6 x 0 .5

cm 2 . The scintillators from both ends are viewed by PMT
XP4222B. The first test of the modules has been carried
out at the lINR phasotron. The beam consisted of
positrons, pions and muons of 250 McVfc momentum at
relative intensities of about 1 : 0 .5 : 0 .5 . Reasonable time
and amplitude properties of the modules were found (Fig . 1
and Fig. 2, respectively) . The time resolution of the thick
scintillator is sufficient for time-of-flight measurements
between the backward and the forward detectors . The
measured amplitude distributions have been compared with
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Fig. 1 : Time spectra measured for coincidences between
the hodoscope modules : a) Spectrum for 20 mm
thick start module and 20 mm thick stop module ; b)
Spectrum for 5 mm thick start and 20 tmn thick
stop module. Single counter RMS values are given .

Fig. 2 : Amplitude spectra measured with the hodoscope
modules of 5 mm (a) and 20 mm thickness (b).
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energy-loss distributions calculated with the GEANT
program package. Relative FWHPVI of about 30% and 10%
were obtained for the 5 and 20 mm thick counter,
respectively, in reasonable agreement with the measured
numbers of Fig. 2.

Two-dimensional distributions of the energy losses AE1
and AE2 in the scintiiiators of the two subsequent
hodoscope layers have been calculated for the ejectile
pions, kaons and protons. It is obvious from Fig . 3 that the
pion and proton regions are well separated in spite of the
angular and momentum dispersion of the ejectiles within
the backward spectrometer acceptance and the rather crude
segmentation of the hodoscopes (eight modules of equal
width in a layer) . The measured detector dispersion does
not significantly broaden the regions and thus the good
proton-pion separation will be maintained in the
experiments .

Joint Institute for Nuclear Research, Dubna, Russia*
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The Fast Trigger for the 0° Facility Side Detector

R. Schleichert, D . Gotta, V. Koptev, A . Selikov, H. Seyfarth

The side detector of the 0°-Facility at COSY is among
other aims designed to study the kaon production
mechanism as near as possible to the kinematic threshold

[1] . Reasonable kaon detection rates in the order of ls' 1 at
forward emission angles can be obtained with internal
targets at high luminosities of up to L=4*1032 cm'2 s' 1 . For
a L2 C strip target this corresponds to 10 7 particles per
second going through all the start counters and about
5*105 s- i particles going through all the stop counters of
the side detector [2] . To discriminate the kaons from direct
and scattered protons and pions, the stop detectors are
designed as range telescopes . This concept together with a
fast Time-Of-Flight (TOF) trigger guarantees already for
the Ist level trigger a high rejection against non-kwon
back ground [2] . Fig. 1 shows the princi pal tri gger scheme
for one telescope. V

	

V

Fig . 1 : Principal trigger scheme for one stop telescope.
Start- and stop counter define the input signals for
the TOF trigger . AE counters guarantee a proper
energy loss for any triggered particle, whereas
Cerenkov and Veto counters are used to reject
high-energy particles . Upper and lower end of all
scintiulators are equipped with photomultipliers.

The fast trigger is planned as a one-particle trigger but can
easily be extended to a multi-particle trigger. It is based
upon events in the stop scintillation counters . According to
the emission angle of the particle at the target, a hit in one
of the stop cotmters corresponds to a hit in one of lip to I I
out of 23 start counters. Thus for each event in one of the
stop counters, the fast TOF trigger has to check whether
the time difference between the signal in the stop and the
corresponding start counter falls into the TOF window of
the particle searched for, e.g . a kaon.

Equipped with Constant Fraction Discriminators (CFD)
and Meantiiners : (MT) start and stop counters define the
input signals of the TOP - trigger. Leading Edge
Discriminators (LED) are used to set a lower threshold on

the integrated AE signals . This guarantees a minimum
energy loss in the AE counter, whereas Cerenkov and Veto
counters are used to reject high-energy particles.
The OR-ed signals of all stop telescopes Ki define the Ist
level trigger for the side detector. This trigger is the start
signal for all TDCs, the gate signal for all ADCs, and the
start signal for the readout of the MWPCs.

With the inherent smearing of about 10ns with respect to
the start time at the target, depending on the different
possible lenghts of the flight path of an individual particle,
it can additionally serve as a trigger for the forward
detector.

For a precise timing of the trigger, it

	

ntial to put a,.. the u

	

is essential .,
lot of care into the lay-out of the whole electronic system of
discriminators, meantirners, the TOF trigger, and the
interconnection of all components.

Constant fraction discrimintors will 1e used to
compensate for the amplitude walk effect. Meantimers
derive a position independent signal from the 2
photomultipliers of each scintillator.

si Special integrators give a position independent energy
signal of every 2 photomultipliers of each AE counter.
The subsequent leading edge discriminators allow to
set a lower threshold on the energy loss in the AE
counters. This results in a rejection against particles
with a small energy loss, e.g. scattered high-energy
pions coming from the iron of the magnet D2.

® individually shielded twisted pair cable reduce the
cross talk between neighbouring digital signals and
therefore reduce the time shift due to this cross talk.
A sharp veto timing is neccessary not to reject
products from the 12ns kaon decay.

The time walk measured with a prototype of a CAMAC
Constant Fraction Discriminators developed in
collaboration with JINR Dubna [3] is shown in fig . 2 . This
unit is now under redesign in order to reduce cross talk . A
new design will be available in early 1995. It will be
equipped with on board meantiiners described in [4].

IW
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0(100

alnpiiludtlmV

Fig. 2 The time walk versus input-pulse amplitude
measured with the CAPJIAC Constant Fraction
Discriminator developed by JINR Dubna and the
IKP. For a wide amplitude range the maximum time
walk is below 50ps.
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Measurements on standard (unshielded) twisted-pair cables
show appreciable time shills for digital signals (rise time
Ins, width 20ns) which must not be neglected, if a timing
accuracy of a few LOOps is aimed at . First an overall
increase of the propagation time through a 30m long 1005
cable by about 4ns is observed, if the cable is rolled up
(Fig . 3) . An additional time shift of one pulse is observed
which is caused by a second pulse propagating in an
adjacent cable pair . As is seen from Fig . 3, it depends on
the cable geometry and the time difference of the adjacent
pulses . The time shift amounts up to Ins in an overlap
region of about ±lOns around the falling or rising edge of
the adjacent pulse . In order to minimize this cross-talk
effect, it is planned to use individually shielded twisted-
pair cables for the fast digital signals between the front-end
electronic units .

A special VME module provides the up to 11 TOF
windows per stop telescope. The stop signal is directly fed
into the assigned module, whereas the start signals are
distributed to all units by FAN OUTs . The stop signal
opens a gate which is adjustable for a time interval from 2
to 20ns in steps of 5ps according to the time window
required in the TOF spectrum. By individually setting the
delay in a range from 0 to 20ns for up to 16 start signals,
one module provides a maximum number of 16
coincidences/TOF windows per stop counter . All gates and
delays are both manually and remotely adjustable . Thus
every stop counter looks individually at its corresponding
start counters for a particle having the desired time of
flight . The signal from the stop counter defines the timing
of the trigger . Fig . 4 shows a block diagram.

177

Fig. 4 : Block diagram of the VME unit for the time of
flight trigger . The main part consists of the 16
coincidences . All delays and the common gate
width are remotely adjustable in steps of 5ps.

I ]

rolled up

,vA
~

~

! !

[

;~~

enrolled
~

-30

	

-20

	

lO

	

0

	

10

ime difference to neighbouring channel/ns

Fig. 3 : The pulse propagation delay in a rolled compared to
an unrolled, unshielded lOOf?. twisted-pair cable of
30m length . The structure in the delay is caused by

a signal on the neighbouring channel. (negativ time
difference means that this neighbouring signal is
earlier) .
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Simulation of Cerenkov Counters for the 0° Facility (ZDF)

N. Amaglobelia, B . Chiladzea, A. Kacharavaa, G. Nlacharashvilia, A . IVlamulashvilia, M. Nioradzea, V. Komarovb

In this paper we consider the Cerenkov counter of total
internal reflection (CTIR) proposed for 3rlK and p/d
separation and background suppression in the trigger for
the detector system of the ZDF . This type of Cerenkov
counters we plan to use in the experiments for the
investigation of K' subthreshold production [1] and to
study the exclusive deuteron break-up j21.

The CTIR characteristics were studied by Monte-Carlo
simulation . The GEANT3 package has been used for
particle tracing.

For the number of Cerenkov photons which reach the
photocathode we have the well known expression:

mph = 370 . sin2 Sc • c(8,E) AE
dL

where Sc = arccos (l/fin) is the opening angle of the
Cerenkov cone. We assume that s(S,E) is the light
collection (propagation) efficiency which is factorizable
and uniform over E and is equal to the fraction of the light
reaching the photodetector s(8,E) = 4(B5Sc)/231. LE is the
energy range of the irradiated Cerenkov photons . Using

c 1240nm
E=h- _	 eV

AE is equal to 1.2 eV for lucite with n = 1 .49. is the
particle entry angle. The acceptable angular range is equal
to (6,, 80 + A8) with the radiator inclination angle 8,, and
the particle angular spread A8.

The number of generated photoelectrons in the
photomuitiplier (PM) is equal to

dNpy, Az

Nr`

	

dL cos8 spas,

where spM is the quantum efficiency of the PM (in our
simulation apM 0 .2) and AzIcos8 is the particle path
length in the Cerenkov radiator with the thickness A z .

The idea is to make use the total internal reflection (the
angle of total internal reflection : S R = arcsin (1/n)) for the
Cerenkov light collection for particles with higher speed
than ß•c.

In the simulation program we have used quartz and lucite
as a CTIR radiator . CTIR consists of a rectangular radiator
50 x 10 x 2 cm3 . The CTIR is located just behind the
STOP counters . Its width of 10 cm has been defined by the
TOF-system STOP-module transverse size [3] . The counter
width defines the acceptable momentum range which has
not affected significantly the CTIR efficiency.

To avoid wave length shifters the PM should have a quartz
window to be sensitive for the ultraviolet Cerenkov light.
The PM has to have good timing characteristics.

In our simulation program we have used the most
unfavourable geometry : the distance of CTIR from the
pointlike target was equal to 150 cm, half opening angle of

The counter geometry and arrangement was described in
the GEANT framework. The inclination angle for one
series of simulation was fixed . The particles were
generated at the pointlike target and traced to the counter
straightly . The variations in particle trajectory and
momentum were included in acceptable ranges . For each
event we have calculated the amount of the Cerenkov light
which reaches the PM. For the light fraction detected by
the PM we used a simplified algorithm for the arc A¢
estimation in each generated event (instead of circular
iterations) . The 'active fraction' (or detectable arc) has
been defined as

= 2 arccos Car"'R	
-S)~

L tan8c

ifif S R - 8 > Sc, total internal reflections don't occur and
4=0. At last the number of calculated photoelectrons has
undergone a gaussian fluctuation to take into account the
collection efficiency of the first dynode.

The following factors influencing the particle detection
efficiency have been taken into account:

the particle momentum (velocity) variation for one
counter in the acceptable range, because of kinematical
and geometrical fluctuations and due to energy losses.
This factor is not significant for one module : Aplp =
0 .02A8c/(6y)2 = 3% (ASc =1°).
variations of particle entrance angle and position due to
the acceptable angular range and multiple Coulomb
scattering. The factors such as the radiator optical
dispersion, the light attenuation, energy losses and
multiple scattering inside the radiator were not
considered. It is evident that these factors are not
significant (maybe except the light attenuation).

In the presented results, pulse heights from PM are
expressed in the photoelectron number, but, as it is evident
from the assumptions listed above, this number was
estimated approximately. On the other side, they reflect the
relative pulse heights correctly.

In Fig. 1 the particle detection efficiency (or the arc
'active' fraction) for various inclination angles (8 0) is
shown. Corresponding pulse heights for Incite radiator are
presented in Fig. 2 . From these figures it is evident that the
amplitude discrimination can be used to enhance the
trigger efficiency.

To summarize, we recommend to use CTIR for particle
separation and background suppression . The advantages
are the possibility to work at high radiation intensity
(because of high refractive index) and to tune the threshold
by variation of the inclination.

particle trajectories was taken equal to 5°. The distortion of
that angle due to the inhomogenous magnetic stray field
and the light absorption in the radiator were not taken into
account.
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References:
1. W. Borgs et al ., COSY Proposal no . 18 (1991)
2. V. Komarov et al ., IKP annual report 1993, KFA Jülich

(1994) p . 57
3. K. Sistemich et al ., IKP annual report 1993, KFA

Jiilich (1994) p . 30

Fig . 2 : Pulse heights at 0.8 GeV/c for various inclination
angles So, No(si)=No(K)=10 3 .

HEPI, Tbilisi State Univ., Tbilisi, Georgia; supported
by the International Science Foundation

m JINR Dubna, Moscow, Russia



Beam test of a Cerenliov counter prototype for the ZDF setup

A. Kacharavaa, G. lviacharashvilia , M. Nioradze a , V . Sopovb , T . Tchemyshevb , V. Komaro:c

The basic idea of the Cerenkov counter suggested by us
earlier [1] is the following : Using the mechanism of light
propagation in a radiator by means of total internal
reflection one can change the detection efficiency of
particles emitting the Cerenkov radiation by turning the
radiator relative to the particle direction . The promising
results of our simulation calculations were presented in
paper [I] . In order to confirm the feasibility of the
suggested mechanism, a relatively simple prototype of the
Cerenkov counter was built and tested at a secondary beam
of the 1'1'EP accelerator.

The Cerenkov counter prototype was a plane radiator made
of lucite with a photomultiplier (F :U-118) glued on one
end of it . The voltage divider of the photomultiplier has
been optimized for output signals in the linear range. The
anode-signal duration was approximately 100ns . The
radiator was polished on all sides except the opposite side
of the photomultiplier and wrapped up in black paper to
suppress diffuse reflection . The dimensions of the radiator
were 36x10x4 crn 3 . The radiator was narrowed down to 6
cm on the photomultiplier side . The diameter of latter was
4 .5 cm .

protons) . The counter was exposed under angles -30°
corresponding to it registration. The pulse-height spectra
corresponding to the response from protons and ?? mesons
are presented on the Fig. 1 . It can be seen that for protons
the signal is absent, so the scintillation in the radiator is
not observed .
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The counter was placed on a horizontal frame that allowed
to place it under angles in the interval from -90° to +90°
relative to the beam direction . The angle -90° corresponds
to an entrance of the particles from the free unpolished end
of the radiator.

Measurements were performed on the secondary beam of
the ITEP accelerator . Tuning the operating regime of the
beam channel elements allowed to choose particles of the
desired momentum. The intensity of the positive-particle
beam with a momentum of 1 .5 GeV/c containing protons
and pions was (3-5)•l04 for I s spill duration and an
acceleration cycle of 5 s . The dimension of the beam at the
counter was approximately 4 cm in diameter.

The photomultiplier anode pulses were record ed with an
ADC (10 bit LeCroy 2249A) placed in a CAMAC crate
and analyzed on-line by an IBM-PCIAT . The ADC and the
data acquisition were triggered by the beam signal that was
obtained from the coincidence of three scintillation
counters. These counters were located on a base at
distances of about 20 m and the delay selection allowed to
discriminate protons and pions in the beam.

The analysis of the photomultiplier anode pulse-height
spectrum proceeded mainly for the beam on a distance of
about 25 cm from the photomultiplier. To check the
dependence of the pulse height on the particle-entrance
point a series of measurements was carried out at a
distance of about 10 cm from the photocathode and no
differences were found.

The investigation of the scintillation properties was made
at a beam momentum 0 .85 GeV/c (that is the threshold for

Fig . 1 : Pulse-height distributions for protons and pions at
0 .85 GeV/C for the positioning under -30°.

The dependence of the Cerenkov signal on the orientation
angle was investigated at the beam momentum 1 .5GeV/c
contained both protons (6 = 0 .85) and pions . (Protons with
such a momentum produce Cerenkov light equivalent to
that of deuterons at 3 .0 GeV/c the detection of which will
be of interest at the 0° Facility) . At this momentum the
angle of the Cerenkov radiation in the radiator with a
refractive index of n = 1 .5 is 36° for protons while for
pions it is equal to 48°, and the total internal reflection
angle equals to 42°.

Results of measurements for protons and pions are
presented on Fig . 2 . A dependence of the photomultiplier
anode pulse height on the angle relative to the beam
direction is clearly observed. At rotation towards negative
angles the pulse height from it mesons rises earlier than
that for protons. As mentioned above the cone of Cerenkov
radiation for protons is narrower, therefore the increase of
the amplitude for protons is sharper . At the perpendicular
positioning of the radiator a decrease of amplitude is
caused in the same way - the signal is well extinguished by
multiple reflection. At positive angles a decrease of the
number of reflections occurs including also the reflections
from the free side of the radiator. That causes some
increase of the signal . For pions the total internal reflection
takes place even at the perpendicular positioning of the
radiator and an increase of the amplitude at negative
angles is more slightly. When both protons and pions
induce Cerenkov light, the possibility of discrimination is
well demonstrated on Fig . 3 corresponding to angle - 10°.
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The performed studies of the Cerenkov-counter prototype
allow us to believe that such detectors can successfully be
used for the separation of protons and deuterons in the
FORWARD arm [2] of the ZDF setup (momentum region

1 .4=2.0 GeV/c) by means of a careful selection and the
optimisation of its parameters. Because of the limited space
for the location of the apparatus in the FORWARD arm,
the suggested Cerenkov counter would be preferable over
Silica Aerogel counters. The necessary location of counters
at very short distance from the beam-pipe requires a
careful estimation of the necessary volumes to decrease the
background load.

The authors would like to thank Dr . I Minashvili for
helpful discussions . The research group from Tbilisi would
like to note that the research described in this publication
was supported in part by Grant No . Ph1-8678-0925 from
the 1SF.

Fig. 2 : Measured pulse heights for protons and pions vs.
the rotation angle at 1 .5 GeV/c.

During the counter testing it has become obvious that the
counter characteristics can be improved by some further
developments . For instance an utilisation of the wedge-
shaped radiator (adapted to the photomultiplier) allows to
decrease the number of reflections from the radiator's free
end improving the light-reflection conditions near the
photomultiplier simultaneously . Selection of the
photomultiplier and optimisation of operating conditions
demand further investigations (the transparency of the
radiator has not b ü studied) . It will be useful to study the
different connection conditions of the photomultiplier to
the radiator, for instance, the inclination of PM relatively
to the axis of the radiator . The utilisation of quartz as
radiator can also improve the discriminating properties of
the suggested Cerenkov counter because of the sensitivity
of quartz in the ultra-violet region.

iT

	

1 .5 (seen

500

s0;0t-

i

	7

	

if

	

bb

„	200

	

¢

	

t

	

100 ~

	

li 11

	

~~ .	
4~ge

	

1{~
7

46$j

	ß	 ?,d	 .	 is	 . . .	 _	 i	 , , , ,.	 ,,,O,°,,,cW,m,ka,^,_ .a„,,,1

	

0

	

10

	

20

	

.30

	

40

	

50

ADC channel

Fig. 3 : Pulse-height distributions for protons and pions at
1 .5 GeV/c, corresponding to the rotation angle -10°
on fig. 2 .

a HEPITU Tbilisi, Georgia; supported by the
International Science Foundation

b I'I,-P Moskau, GUS
TINT Moskau, GUS

References:
[1] N. Amaglobeli et al . Preprint 1PI TSU 08-94, Tbilisi

(1994)
[2] V. Kornarov et al. Annual Report 1993, KFA Jülich

(19941 p, . 57'Art ~ p.

1
t

300

_t0°

- 71 -



Conceptual studies for a K--detection system at the 0° Facility

M. Biischer, H . Miiller a

The 0° Facility which is currently being built [1] will allow
to simultaneously measure positively and negatively
charged ejectiles which leave an internal target under
forward angles 3I 515° . It has been proposed [2] to
measure the K - production in p+A reactions at energies
close to and below the nucleon-nucleon threshold at
Tg = 2 .5 GeV. In this article we describe a concept of a
detection system for the proposed studies.

For the detection of the K+ (K -) mesons and for the
reduction of the background consisting mainly of n + and
p (n) and of particles scattered in the magnet iron the
following concept is suggested: The K+ mesons will be
detected in the side-detector system [3j which will offer a
K + -detection efficiency of -15% (including decay-in-flight
between target and detectors) and a background
suppression by more than 4 orders of magnitude [3,4] . It
covers a momentum range of p K+ - 150 . . .600 MeV/c and
allows to select events where a K+ meson is produced with
almost no background from other reaction channels.

As shown in Fig. 2 of [2] roughly the same number of K7
and ri are produced in events where a K + meson is formed.
Thus, only a moderate background suppression has to be
achieved by the detection system for the negatively charged
particles.

The principal layout of the K-(n) detection system can be
seen in Fig. 1 . The TOF-start counter wall can be similar
to the one used for positively charged ejectiles, i .e . it
consists of 18 scintillators with a height of - 25 cm, a
width of 5 cm and a thickness of 1 . . .2 mm. For the TOF-
stop counter wall 20 'standard' scintillators of 10 cm width
and 1 cm thickness can be chosen . This wall allows to
detect ejectiles in the momentum range p = 150 . . .1000
MeV/c which is equal to the full momentum range
accessible for negatively charged particles at the 0°
Facility. According to raytracing calculations the detector
heights must be between 40 cm (p = 150 MeV/c) and
80 cm (p -> 500 MeV/c) in order to cover the full vertical
angular acceptance given by the spectrometer magnet.

For further background suppression it is planned toto alsobackground suppressionY""'

	

äa
read out the BE signal from the TOF-stop counters, see
below . Two wire chambers will allow to measure the
particle flight paths for track reconstruction and for
suppression of background particles scattered in the pole
pieces of the spectrometer dipole, see also [3].

The performance of the full detection system has been
simulated using 'realistic' K+/K- and K+/t events
calculated with the Rossendorf Collision Model [2] . Only
events where a K+ meson is detected and a negatively
charged ejectile reaches a TOF-stop counter were analyzed.
Decay-in-flight and hadronic interaction in the magnet and
detectors have not been simulated yet. Figure 2 shows a 2-
dimensional plot of the TOF of K-(rt) versus the time
difference dt+1_ between the detection of the K + and the K-

Fig. 1 : Principle layout of the proposed detection system for
the K +/K- studies. For the detection of the Kf
mesons the system described in [3] will be used . It
consists of a TOF-start counter wall and 14
telescopes with TOF-stop, Cerenkov, dE and veto
counters. Negatively charged particles will be
detected in a similar TOF system . For further
background suppression the 6E signal from the
TOF-stop counters can be used.
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Fig. 2 : Simulated TOF spectra of correlated K+/K- and

K+/i events summed over all counters.
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Fig. 3 : Momentum spectra of particles lying inside the
gates shown in 2.

(n) in the corresponding TOF-stop counters . It can be seen
that - even if the sum over all counters (and, thus, ejectile
momenta) is used - there is a good separation between the

K- and n'. This allows to select K- events by seizing a 2-
dimensional gate in the spectrum, see Fig. 2. The resulting
momentum spectra of particles lying inside this gate is
shown in Fig. 3 . A comparison with Fig . 2 from [2] shows
a clear suppression of the if events . Only for high-
momentum ejectiles (p "- 800 MeV/c) there is a remaining
ri background . However, this background can also be
totaly rejected (on the level of statistics in our simulations)
if one analyzes the TOF informations from Fig . 2 for

individual stop counters . As an example, Fig. 4 shows the
same spectrum as Fig. 2 when only scintillator #18 of the
negative stop-counter wall (p 800 MeV/c) is read out.
Clearly, the separation between K- and rr is much better

and the rc - events can be rejected completely.

6

2

From Fig . 3 one can estimate the counting rates for
correlated K+/K" events . Taking into account a total
detection probability of 15% [3] (30%) for K + (K") we
expect 25 events per minute integrated over all momenta
(pK+ = 150 . . .600 MeV/c, p K_ = 170 . . .1000 MeV/c).

In addition to background suppression via TOF
measurements it will be possible - especially for momenta
p 600 MeV/c - to use the DE signal from the TOF-stop
wall to distinguish between K' and rc' . As an example Fig.
5 shows the LIE spectrum in counter #10 (p -- 400 MeV/c)
for K- and it- . From this spectrum it can be concluded that
an additional if suppression of at least 1 - 2 orders of
magnitude for lower momenta will be possible.
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Fig. 5 : Energy-loss spectrum for K' and z< in TOF-stop

counter #10 (p -- 400 MeV/c).

Summarizing, the detection system presented here will
allow to measure correlated K+/K' events from p+ A

interactions at Tp = 2.5 GeV and even at lower beam
energies where the cross sections decrease rapidly (see [2]
and reference therein) . It is currently under investigation if
the system can be installed 'step by step' using first only
the TOF-stop wall for K- identification. In this case one
would use the information on the time difference between
emission at the target (calculated off line using the
information on the K+) and detection in the wall . This
simpler setup should allow to measure at Tp Ps 2 .5 GeV and
moderate cross sections . For further measurements at lower
energies, the full setup would be required.

a Inst . für Kern- und Hadronenphysik, FZ Rossendorf,
Dresden, Germany, supported by BM Ff
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Fig . 4 Same as Fig . 2 but only for counter #18 of the stop-3.
counter wall for negatively charged particles .

	

4 .

- 73 -



Conditions for ramping of the 0° Facility

M. Btischer, H.J. Stein

The 0° Facility is designed as a multi-purpose device for
experiments at internal targets in COSY-Jiilich and will
consist of three dipole magnets [lj. For the experiments it
will be necessary to ramp the dipoles with various speeds
up to - 1 Vs, depending on the maximum field in the 0°
Facility . and the COSY dipoles as well as the ramping
speed in COSY. The basic parameters of the power
supplies for the three magnets (i .e. maximum output
voltage and current, maximum ramping speed di/tit) are, to
a large extent, determined by these experimental
requirements which we have investigated for the various
envisaged measurements.

It should be noted that for the smaller dipoles Dl and D3
an existing power supply will be used which offers a
maximum output voltage of U, 75 V and a maximum
ramping speed of dl/dtm.,, 2500 Als. Obviously, the
power supply for the large spectrometer dipole D2 should
be designed such that these given parameters can be
utilized in the best possible manner.

Figure 1 shows the time dependence of the magnetic field
in the dipoles D1/3 and D2 of the 0° Facility for the
proposed subthreshold K¢ studies with a flat-top field of
1 .3 T. Note that the field strength in all three dipoles must
be equally high in order to guarantee a stable closed orbit
bump of the circulating COSY beam . The flat-top beam
energy at which the measurements will be made is in the
range 0 .9 .e L2 GeV and the radius of curvature of the
circulating beam in the 0°-Facility magnets will p =
4 .05 . . . 4 .92 m. The assumed ramping speed in COSY is
dB/eft = 0 .9 T/s which is close to the maximum possible
ramping speed in COSY.

For the calculation of the maximum ramping speed dI/dt, I,a,,
and voltages U. the values given in Table 1 for D1/3 and
D2 were used as well as the B(I) and L(I) dependences
from Fig. 2a,b . The latter values were obtained from 2d
and 3d field calculations using the POISSON and PROFI
program packages [2]. For the calculation of the inductivity
the formula L = 1-1 . dWIdl, where the current I and the
energy W stored in the magnets were taken from the
calculations.

Table I : Basic parameters of D1/D3 and D2 used in our
calculation.

D1/3 D2
Number of[

	

turns per coil 24 120
fI ~~s;ta~,e of one coil ~°' nl
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Fig . I : Magnetic field in the dipoles of the 0° Facility
during ramping and flat-top for a mode of operation
with Bilat-€op 1 .3 T. As in the case of the COSY
dipoles the field ramp consists of two quadratic
roundings (Q) during 0 .2 s, a linear increase of the
field (L) and a constant flat-top value (Ft') .

Fig . 2 : B(I) and L(I) dependence of the dipoles DI/3
(dashed lines) and D2 (solid line).

Figure 3 shows the values of dl/dt and the necessary output
voltage U for the two power supplies during the field ramp
depicted in Fig . 1 . It can be seen that the maximum values
achievable with the existing power supply for DI/3 are not
exceeded. For the D2-power supply we deduce a maximum
ramping speed ofdl/dt,,, ax tat 1300 Als and Una ; at 550 V.

For the K+ mode of operation with a flat-top field strength
of 1 .58 T it turned out that the COSY ramping speed must
be reduced to dB/di ai 0 .4 T/s in order not to exceed the
maximum values for dlldt and U for D1/3 . The main
parameters for the various modes of operations are listed in
Table 2.

Summarizing, we have deduced the following parameters
for the D2 power supply : a maximum current (flat-top) of
11375 A, a maximum ramping speed of dildt a,t -a-

1300 Als and a maximum output voltage of U na% 550 V.

0.
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A power supply with these parameters will allow to make
optimum use of the existing power supply for D1/3 and
offer a high flexibility for the various modes of operation at
the 0° Facility.
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Fig . 3 : Ramping speed dl/dt and required output voltage U
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D2 (solid) for the field ramp from Fig . I.

Table 2 : Main parameters for the power supplies for D1/3
(first number) and D2 (second) for the various
modes of operation . The values for dB/dt are
given for the linear part of the field ramp.

K+~ K+z d breakup 31 production
~7

Bflat-top [ ~ J 1 .3 1 .58 1 .58 0 .62
dF/dreosY ti/sj 0 .9 0 .4 0 .7 1 .0

dB/dtD1,2r3 [TA] 1 .56 0 .69 0 .7 0 .55

dI/dtmac [A/s) 2500/1300 2500/1300 2500/1300 850/400

Umar [V] 75/550 50/350 50/350 30/200



Status of the Experiment
Proton Therapy at COSY, Pre-Therapeutic Physical Experiments on Phantoms with Proton Beams

at Energies between 50 MeV and 250 Mehl

D. Barthmann ' , R . Becker ' , P . Cloth, V. Drake, W. Eyrich2, D . Filges, J . I-Iauffe2, W. Hoffmann 3 ,
H. Kobus, U. Linz ' , R. Maier, M . Moosburger2 , R .D . Neef, H. Paganetti ' , N . Paul, Th. Schmitz'

(COSY-MED Collaboration)

Orienting measurements with the COSY beam in the KFA
water phantom
First test measurements were performed at the low-energy-
experimental area (Niederenergie-MeB-Platz, NEMP) . The
energy of the extracted proton beam was 295 MeV. A vessel
with dimensions of 52cm x 52 cm x 45 cm filled with water
was used as a phantom . The proton Bragg peak occurred at

about 51 cm . The beam monitoring was done by 300 gm
thick plastic scintillators.

For the measurements of dose profiles and rnicrodosimetric
spectra, a 112" Rossi counter was used, which was mounted
on a position scanner . The detector is a proportional counter
with a spherical sensitive detection volume made of tissue
equivalent plastic A15 00, which has an inner diameter of
1 .27 cm. The detector is filled with methane based tissue
equivalent gas . The pressure of the gas was set to 75 mbar,
so that the detector simulates a 1 pia sphere of unit density
(tissue) material. The spectrum of secondary charged par-
ticles created in wall as well as the energy deposition of the
primary protons and of the secondary charged particles in
the sensitive counter volume is therefore very similar to what
would be measured in a spherical tissue cell of 1 pm diame-
ter.

Tissue equivalent proportional counters (TEPC) measure the
energy deposition of single charged particles crossing the
sensitive volume. The resulting frequency distributions are
scaled in terms of lineal energy, y, which is defined as the
ratio of energy imparted by a single charged particle and
mean chord length of the detection volume. The product of
the frequency mean lineal energy (first moment of the
measured frequency distribution) and the total number of
events detected is directly proportional to the dose deposited
in tissue at the measurement location.

Figure I shows dose distributions (energy weighted fre-
quency distributions) in terms of the logarithm of Iineal
energy. The maxima of these distributions shift to higher
lineal energies towards the Bragg peak.

Pile up effects caused by the irregular distribution of protons
over a COSY pulse impaired the measurements . The follow-
ing experiments will have to account for this situation.
Additionally a better spatial resolution will be achieved, if a
smaller proportional counter is used. An improvement of the
signal to noise ratio can provide measurements at lower
values of lineal energy . Finally a better statistic is necessary
to interpret the measurements at the edges of the proton
beam. The precision of this first test measurement were
clearly effected by pile-up effects, misalignment and width of
the proton beam. In addition the beam energy exceeded the
range of application .

10

	

102
lineal energy [keV/,,cml

Fig . 1 : Microdosimetrie dose distributions as a function of
depth in water

We planned to gate the 'TiPC data acquisition system by the
scintillator veto . However, timing problems and pile up
effects haven't allowed us to use this feature yet.

Comparison of different Monte Carlo programs for use in
proton dosimetry

Before a therapy treatment planning system based on the
Monte Carlo method can be developed, different codes
have to be studied to find out about their different features
and their advantages in the energy region of 70 - 250 MeV.
We used four different codes to calculate the depth dose
profile of protons in water and compared them with recent
data from PSI, Villingen, Switzerland.

- Characterization of the used Monte Carlo programs:

1 . HETC

HETC (High Energy Transport Code) is a module of
HERMES 111 (High Ener gy Radiation Monte Carlo Elabo-
rate System) which was extended at KFA. Its main appli-
cations are radiation transport and detector simulation in
medium and high energy physics . Apart from charged
particle ionization energy loss based on the Bethe-Bloch
formula it generates and transports secondary particles
like. Neutrons, protons and recoil nuclei . For primary par-
ticles small angle Coulomb scattering is performed . Using
the Combinatorical Geometry, one can look at energy
deposition, yield and flux of primary and secondary par-
ticles at any given point of the geometrical set-up.

1
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2. MC4 121

MC4 is a Monte Carlo detector simulation code, developed
at KFA-IKP for particle detectors in medium and high
energy physics . It is also integrated in the HERMES sys-
tem and uses the same nuclear collision model as HETC.
The main difference concerning the use in proton dosime-
try, is the different handling of range fluctuations . HBTC
performs range straggling at the end of the proton flight
path when the particle reaches the cut-off energy (1 MeV).
In MC4, energy loss along the track is optionally straggled
with a Gaussian or a Landau distribution.

3. TRIM 131

TRIM (The Transport of Ions in Matter) calculates the
penetration of ions in solids for inital energies from 10 eV
to 2 GeV. It is mainly used to calculate the final distribu-

tion of the ions, target damage,

	

n a. ~and phonondamage, ionization
production . Secondary particle production is not included.

4. PTRAN 141

PTRAN (Proton Monte Carlo Transport Program) is espe-
cially designed for use in treatment planning and dosime-
try in proton therapy . It deals with the penetration of 50- to
250-MeV proton beams through water phantoms . Energy
loss straggling in Coulomb interactions is sampled from
the Vavilov distribution. Multiple-scattering is treated
according to Moliere's theory. Protons in nonelastic
nuclear collisions are absorbed, their energy is deposited
locally. Secondary particles are not produced. The program
simulates monoenergetic pencil beams . It calculates depth
dose profiles, lateral dose profiles and proton spectra as
functions of depth.

- Fit of Experimental Data from PSI

With these four Monte Carlo programs mentioned above,
we tried to fit experimental data from PSI, Switzerland 151.
Energy and energy spread of this bragg peak were not
determined experimentally but estimated by PSI . To get in

good agreement with the position of the bragg peak of the
PSI-data at 13 .7 cm, we had to ran the MC programs with
different proton energies ranging from 137 .0 to 139 .5 MeV

(see Fig . 2) . The peak width could be approximated only
with HET and MC4 by differing the energy spread . The
other two codes handle only with monoenergetic pencil
beams and therefore have narrower peaks.

The estimated energy and energy spread of the proton
beam depends strongly on the Monte Carlo program,
because they are using different energy-range-tables and
secondary particle production and transport is not always
included. For proton dosimetry purposes, the development
of a new code is therefore recommended. It should be able
to deal with protons up to 300 MeV and to produce secon-
dary particles like neutrons , light ions and also delta elec-
trons, to allow to study their influence on the dose distri-

bution.
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Fig . 2 : Fit of PSI-data with different Monte Carlo codes
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Status and first Tests of highly granulated Detector Systems
for Pre-Therapeutic Physical Experiments at COSY

M. DELLERT, W. EYRICH, M . FRITSCH, J . HAUltitb, R. MERKEL, M. MOOSBURGER, R . SPERL
Physikalisches Institut, Universität Erlangen-Nurnberg

for the COSY-MED Collaboration

For the pre-therapeutic measurements at COSY [1,2]
modem detector systems used in fundamental research
experiments will be applied.

	 erimerttal Setup

For different beam momenta the spatial flux distribu-
tion of primary and secondary particles after penetra-
ting certain absorbers will be measured . That is done
by highly granulated detector arrays which enable the
observation of a few thousand pixels in the beam-
phantom-system at the same time . For that silicon
microstrip detectors of different geometric shapes and
scintillating fibre hodoscopes are built . Silicon micro-
strip detectors offers the possibility to determine the
differential energy deposition simultaneously with
high spatial and energy resolution . The application of
scintillat ing fibres garanties the quasi tissue equiva-
Ience of the detector system.

Fig.1 shows the basic setup using a solid phantom_
wedge. Every incident beam particle is localized by a

startdetector (A) . To determine the flux distribution the
main detectors (C) are placed between the phantom
wedge (B) and a following tissue equivalent absorber
(D) which allows the observation of backscattering.
Replacing the solid phantom wedge by a Water basin
one can study the recent effects of protons on a liquid
phantom. Beyond that the design of the scintillating
fibre hodoscope allows also the application inside the
liquid .

P

Fig .1 : Basic experimental setup with a solid phantom
wedge.

Detector design and status

The startdetector system consists of two scintillator
counters and a pair of silicon microstrip detectors . The
scintillators serve the timing signal and a clear beam

definition . With the microstrip detectors (active area

3 .2x3 .2 mm 2, spatial resolution 200 p.m) the position of

each incident particle is measured to define a "micro-
beam".

The "main detector" for the measurement of the proton
propagation in the phantom can be equipped with three
different detector arrays:

A pair of two crossed linear silicon microstrip detec-
tors (2x2 cm' active area, 200 pm resolution) for a
high precision position measurement

6 A silicon ring detector (4 inch 0, 300 pm spatial
resolution) for investigating the outer fenir,n ofof the
diffracted beam
A fibre hodoscope (3 .2x3 .2 cm' active area, 1 or
2 mm resolution) for applications in water or behind
the phantom wedge

The startdetector system is built and tested in different
environments . Prototypes of each main detector are
built and tested . Optimized main detectors are designed
and under construction.

Test of tke exerirrlental principle

wring a test measurement at Big Karl with a simpli-
fied solid phantom (consisting of several plexiglass
blocks) and an proton energy of 200 ee ' the perfect
behaviour of detectors and data aquisition system could
be shown . As expected one sees the broadening of the
"beam profile" (fig.2a) measured in the microstrip
array and also an increasing energy loss (fig .2b) with
increasing phantom thickness . [3]
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Fig .2 : a) "beam profile" and b) energy loss spectra
measured with microstrips behind a phantom of thick-
ness d.
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Thermoluminescence-Dosimetfiy for the Pre-Therapeutic Physical Experiments at COSY

W. Hoffmann and J . Bienen
University of Wuppertal, Physics Department, 42097 Wuppertal, Germany

for the COSY-MED Collaboration

Thermoluminescence materials are widely used in conven-
tional radiotherapy because of their high sensitivity, small
size, self integrating behavior, fast analysis, linear re-
sponse in the therapeutic dose range and the possibility to
use them as in vivo dosimeters.

In heavy particle fields the dose response is strongly LET
dependent for most materials ; it was shown however /1,2/,
that the sensitivity of the high temperature peak of

CaF2 :Tm (TLD 300) is LET independent up to 50 keV/p.,
wheras the sensitivity of the low temperature peak de-
creases rapidly with increasing LET. In some high LET
fields like neg. pion or helium fields it was demonstrated,
that it is possible to determine dose and average Iineal
energy simultaneously from the analysis of a single glow
curve /3/. With a proper RBE vs . LET model this allows to
determine biological equivalent dose . In therapeutic neu-
tron fields it is possible to separate neutron and gamma-
dose /4/.

It is therefore planned to determine the potential of this
dosimetry method at the pretherapeutic 200 MeV proton
beam of the COSY accelerator at KFA Jülich . The glow
peaks of different materials will be compared to ion cham-
ber dose measurements and to the results of the microdo-
simetric measurements taken with proportional counters.
After this calibration the use of TLD's allows to measure a
complete 3-dimensional dose distribution within one run of
the treatment plan program . Because of their high sensi-
tivity they can be produced in thin foiles, which do not
change the range of the protons measurably and therefore
will not disturb the dose distribution to be measured.

In 1994 two TLD readout apparatus (Fdarshaw 200 A+B)
were installed with proper annealing and handling equip-

ments. One is located at KFA for fast readout after irradia-
tion and one at Wuppertal University for further analysis.
The TL and temperature signals are interfaced to a PC,
that reads out the values every 80 fusee . The readout of a
single TLD takes 60 sec and all glow curves are stored on
disk for later reference. The first version of an analysing

software has been developed . The handling procedure still
has to be optimized in order to achieve a reproducibility of

better than ± 3 %.

For the first irradiations in the proton beam 45 CaF 2:TM
(TLD 300) chips of size 3x3x0 .9 mm have been selected.

They were individually calibrated at the Co60 -source of the
Institute for Medicine (IME) at KFA. The calibration dose

was chosen to be 0 .25 Cy at a dose rate of 0 .5 Gy/min.

Figure 1 shows a typical glowcurve readout after Cob°

irradiation . The sensitivity of P t is about 400 nA/Gy and

the P 1 /P2 -ratio is 3 . The peak Po at 100 0C is unstable at

room temperature and fades away in about one day. It can
be used to determine the time between irradiation and

readout .
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Fig .	 Glow curve of CaF2 :Tm thermolurninescent ma-
terial after Co0-irradiation

At the proton beam line 2 TLD holders were constructed,
that fit into the 50x50X4,, ...0 ern3 water phantom

	

ybuilt _ by

KFA . An array of 7x7 TLD chips can be positioned per-
pendicular to the proton beam axis at a grid size of 1 .5 cm.

The positioning accuracy is 0 .1 mm and the extra plastic
material in the beam is 2 mm water equivalent . The center
position is located at the same water depth as the 0 .1 cc
ionization chamber (IC 18), such that with the same
phantom setting the results can immediately be compared.

In early 1995, as soon as proton beam is available, the
depth dose distribution in water will be measured with the

0 .1 cc chamber and with TLD chips. The glow curves will
be analysed to find any indication for high LET radiation
components in pas dcular in the bragg peak falloff region.
The results then will be compared with the corresponding
microdosiinetric measurements.
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Calculation of the Biological Effectiveness for Proton Beams

D . Filges, H. Kobus, 11.W. Müller-Gärtner' , P . Olko2 , H. Paganetti ' , Th . Schmitzl , M .P.R. Waligorski2.3
for the COSY-MED Collaboration within the frame of the Polish-German Collaboration in Sciences and Technology

The use of protons in cancer radiotherapy offers significant
advantages over radiations conventionally employed.
Tumor volumes in the body can be irradiated more pre-
cisely than it is possible with photon, electron, pion or
neutron beams . The biological effectiveness of therapeutic
pencil proton beams was studied with regard to the initial
energy distribution of an extracted beam and to the depth
of the beam penetration in water . Such data will be useful
to assess the biological effectiveness of protons in future
therapy installations with electronically modulated scanned
beams.
It is possible to characterize the biological effectiveness of
a given radiation by a determination of its microdosimetric
parameters . A main parameter used in experimental
microdosirnetry, lineal energy, y, describes an actual
energy deposition to the target normalized to its mean
chord length . Even if the whole system is irradiated with
just a single radiation modality the target can experience a
whole spectrum of energy deposition events . These spectra
of energy deposition events (microdosimetric distribu-
tions), denoted e .g . d(y), and their moments are used to
describe the ionization density of the radiation in the tar-
get . The assessment of RBE is based on an assumption that
there exists a biological weighting function, r(y), which
relates a given, observed biological effect to measured or
calculated d(y) distributions . This distribution can be ob-
tained, when the proton energy spectrum at the point of
interest is known.
Proton transport calculations in water for a proton energy
range from 70 to 250 MeV were performed with the Monte
Carlo codes PTRAN /1/ and MC4 /2/ in order to obtain
proton energy spectra at a given depth in water . If one
replaces tissue by water and neglects differences in the
electron collision cross sections, the interaction of protons
can be simulated by using cross sections for water vapor.
The momentum spread of an input semi-monoenergetic

Fig. 2 : RBE in the center of the Bragg peak (maximum
dose) (0) and averaged over FWHM (0) as a
function of initial proton energy for a monoener-
getic proton beam.

proton beam, Lspip, was varying from 0 to 0 .003 . Next, the
microdosimetric response function approach was applied to
calculate the biological effectiveness of a proton beam at a
depth of interest with the use of a biological weighting
fshnctio n for earl4

in Le
.'l
~.4

~Liäaa
ia tolerance in mice puvbliSnx-_cu y.0•

y intestinal by
Loncol et al . 131 . The biological response function
describes the probability of a biological effect after an
event of energy deposition with a given lineal energy, i .e. it
describes for a biological endpoint the cumamulative prob-
ability that a subcelluiar target will respond to a specific
target-averaged ionization density. In the calculation of the
relative biological effectiveness for protons, RBE, the
whole distribution of possible energy deposition was taken
into account and normalized to an effect for Co-60 gamma-
rays . A computer code PMIC has been prepared to analyze
the results of the Monte Carlo calculations in order to
obtain naicrodosimetric characteristics of the proton beam
such as e.g . the yd(y) distributions and their moments.
Homogeneous spherical targets of a uniform sensitivity,

1 iauvin diameter, where considered in our calculations.

The results show that RBE values depend on the initial
energy spread of the input proton beam and on the depth of
beam penetration . RBE for intestinal tolerance in mice
approaches 1 in the plateau region and gradually increases
with the proton penetration depth . In the center of the
Bragg peak, at maximum dose delivery, RBE values range
from about 1 .1 (250 MeV beam) up to 1 .9 (70 MeV beam).
The rise of the RBE decreases with initial proton energy.
Averaged over FWI-Evl of the Bragg peak we found 1 .1 and
1 .6, respectively . At the end of the Bragg peak the RBE
was found even higher (1 .3 for 250 MeV beam to about 2 .3
for 70 MeV beam) but only about 1% of dose is delivered
with such a high RBE values . Figure 1 illustrates the depth
dependence of the RBE in the region of the Bragg peak for
a 150 MeV pencil beam. The RBE in the center of the
Bragg peak and peak averaged is illustrated in figure 2 as a

depth [cm]

Fig . 1 : `'.RBE and dose as a function of depth for a
150 MeV pencil beam. The dose is given in
arbitrary units .
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function of incident proton energy. The calculated RBE
values are only slightly depending on the energy spread of
the proton beam for the small spreads used . When increas-
ing the energy spread, we obtained a decrease of the RBE
behind the Bragg peak and a slightly RBE increase in the
Bragg peak . The increase of the RBE with depth results in
a shift of the biological dose distribution (RBE times
physical dose) to larger depths in comparison to the physi-
cal dose distribution, e .g . about lrnrn for the 150 MeV
beam. By this, using an average RBE results in an under-
estimation of the effectiveness of the beam at the end of its
range . In addition an radial increase of the RBE has been
found . The above results indicate that for therapy planning
with electronically modulated pencil proton beams it would
be necessary to account for a depth and radial dependence
of proton RBE, especially for low penetrating beams.
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Development of an Aerogel Cerenkov Detector with Wavelengthshifter Lightguide Read-Out for the
Observation of Single Kaon and Double Icon Production at SAPHIR

Status Report

M. Bockhorst, K. Heinloth
Physikalisches Institut, Universität Bonn

For elementary particle physics experiments at
intermediate energies -e .g . SAPI3iR [1]- n-K-separation
can be performed by aerogel threshold Cerenkov detectors
[2]. In that special case the possibility of an aerogel
Cerenkov detector with wavelengthshifter lightguide
(WSL) read-out is under investigation [3].

Test detector
The test detector is assembled and will be tested at the
Bonn 2.5 GeV-Synchrotron test beam facility in early
1995. A related read-out electronic circuitry was developed
consisting of a three channel ECL discriminator and a
micro controler for remote control via a RS-232 serial
interface. A graphic user interface allows one to set the
discriminator thresholds interactively.

The planned maximum tagging rate is 10x 10 6 Hz, a rate of
10 6 Hz can be used now and is assumed . The acceptance

for single K production is about 0 .1 [5] using the
kinematical fit without any TOF identification, for KK
production it will be in the same range. The estimated
cross section for the above described reaction is ca. 2 .5 rib

[6] . Using a D2 target of 8 cm thickness a reaction rate of 3
identified double K+ events per day is expected.

800

Radiator improvement
To increase the light output of a Cerenkov detector with
read-out by WLS, the spectral matching between radiator
and the WLS can be done by doping the radiator itself with
a fluorescent dye as wavelengthshifter.
The possibility of doping the radiator with a fluorescent
dye, in our case aerogel, was investigated during a stay of
M. Bockhorst at the Universitd Claude Bernard, Lyon,
France. The optical properties of the samples show that it
is possible to dope aerogeis with the dye POPOP if the
hypercritical drying is done via solvent exchange . Both the
concentration of the POPOP and the homogeneity are good
enough for the use as radiator material [4] and an
enlargement of the light output by a factor 2 seems
possible.
Alternatively investigations for the improvement of the
WLS geometry and spectral properties were made, which
show the possibility of an enhancement of the light output
by a factor 4 without doping of the radiator.

Detector Simulation with GEANT
The aerogel

	

°teütor (ACD) was integrated intoCerenkov d~z..
the SAPHIR-GEANT detector simulation software as
instrument for the designing of the Cerenkov detector
geometry. The first results of the simulations show that
WLS-hits occur but a careful design reduces them below
10 % for Koons produced in different reactions e.g.

yp>K+A. Figure I shows the calculated ADC values of the
ACD of all particles in a tagged photon energy range of
1 .4-2 .9 GeV. The refractive index of the aerogel was
assumed to be 1 .04.

Rates of Double Kaon Production
Using the following data the daily rate of double K+ events

for the reaction yid>HK+ K+ (I-I = Dibaryon, S = -2) can be
estimated:

• Tagging rates with the TOPAS II tagging system

• Hard- and software acceptance for single K
prsrluction

• The estimated cross section
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Figure 1 : Simulated ADC values

Future tasks
® Simulation of different reactions with strangeness

(kaon) production for the determination of the
hardware- and software acceptance of SAPHIR. All
these simulations will be done with the Cerenkov
detector.

▪ Evaluation of physics data of the SAPID detector
to improve the particle identification mechanisms.

▪ The Cerenkov detector will be build in modules.
One module with dimensions appropriate for the
SAPPER will be built after successful measurements
with the test detector.
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Further Progress in Offline-Analysis of PS185

R . Bröders, K. Kilian, W . Oelert,, K . Sachs, T . Sefzick
for P S1 85 collaboration

The experiment PS185 measures charged tracks to
analyse the reaction pp -t AA. At beam momenta of
1992 MeV/e the processes pp -~ AA-y, pp -s AE + cc
and pp --> AAs° are also energetically possible . These
reactions contain two vertices of p, it and p, r+ and
in addition an unobserved neutral particle . The only
way to distinguish between those four channels is via
missing mass and Dalitz plot. For this analysis a clear
event pattern is essential.

To improve the resolution of the detector-system in
the offline analysis a first step was made by a recon-
struction of driftchamber hits via isochrones [1] . In
the further development a new algorithm for three-
dimensional track finding, the so called matching,
has been incorporated . This routine assignes a value
to each combination of four two-dimensional tracks.
This scalar criterion indicates the quality of a match-
ing.

For this valuation we took advantage of the spe-
cial setup of PS185. The experiment consists of two
spatially separated muitiwirechambers, a driftcharn-
ber (DC) and a proportional chamber (PC) with two
orientations each . Therefore it is possible to define a
set of three-dimensional tracks for each system inde-
pendently.

These skew lines are compared pairwise and open-
ing angle, distance of DC track to PC trackcenter
and vice versa are calculated . The distribution of
the quality criterion yield as a weighted sum over the
squares of these three quantities is shown in figure 1.
Every two-dimensional track may vote for one of all
possible combinations according to the calculated cri-
terion. If all four concerned two dimensional tracks
agree. in the combination it is declared as a matching .

This and all other distributions have small but long
tails for matched combinations . A numerical cut in
one ore more of those quantities can not lead to such
a result . With this routine the complete set of com-
binations is checked and the consistence criterion re-
duces this multitude of track canditates to a small
class of matchings almost without numerical restric-
tions . For each single two dimensional track the best
possibility is found and none is used twice.

This new algorithm increases the number of tracks
used for a full (four-track) matching by a factor of
1 .6. Whilst the number three-track rnatchings de-
creases by a factor of 3. This avoids the former buffer
overflow and is an indication for the achieved full re-
construction of three dimensional tracks along with a
reduction of combinatorical background.

This clear track pattern leads to the aspired re-
duction of geometrical solutions per event, which is
reduced to 44% in average . It is a large advance to-
wards a plain event reconstruction of maximal one
physical significant vertex combination per trigger.
This is already acchieved for 80 % of all events with
at least one vertex combination . Figure 2 shows a
Dalitz plot for events with exactly one solution . A
cut in M? ( ;

	

eV' ) has been applied . There~
isis a clear signal of pp -~ AA and Pp - AE events.
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Figure 2 : Dalitz plot for pp -~ -A-AX

	

_
indicated is the . contour of pp AA7
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Measurement of the reaction pp -+ hA near threshold

D.Afzali6 ), P.D.Barnes 2), R.Bröders, H .Dennert 5 ), R.A .Eisenstein s), W .Eyrich 5 ), H .Fischer l ), G .B.Franklin4),

J .Franz6), T.~ichs 5), R.Geyer, P .Harris7 ), J .Hauffe 5 ), D .Hertzoga ), T .Johansson 9 ), T.Jonesa), K.Kilian, R .A .Kraft S ),

C .A .I~4eyer4 ), W.Oelert, S .Pomp9 ), B .Quinn4), J .Rauch 6 ), K.Röhrich, E .Rössle6 ), M .Ruh 6 ), D.Ruschmeier6 ),

K.Sachs, H .Schmitt6), T .Sefzick, F .Stinzing5), R.Tayloe 8), R.Todenhagen 6 ), E .Tranens 9 ), T.Walter6), H .Wirth 6 )

The PS185/2 collaboration studies the tiff AA re-
action to resolve a possible structure near the reaction
threshold[1-3] . For the data taking in 1994 the com-
plete PS185 experiment had to be reinstalled . The wire
chambers were partially rewired and cleaned . The tar-
get was a newly build sandwich target in the design of
former experiments with four CH 2 cells and one carbon
cell . Two sets of p-strip planes were put into the beam
right upstream the target to measure the incoming an-
tiproton's track.

Figurel The excitation function of the reaction pp -se AA
from its threshold up to 5 MeV . The open and full
circles are data taken by the collaboration [1,2]) in
the past . The stars assume a linear cross section
a ° . &7, while their error bars are calculated
from the statistics obtained at each energy.

During three weeks in June and July 1994 data were
taken at seven different momenta near the reaction
threshold . Intermediate momenta were obtained using
a degrader in the beam. The momenta were chosen to
scan the irregularity observed in the previous data[1,2]
with good statistics . Those data indicate a width of
the structure of the order of 1 MeV . At the position of
the irregularity the cross section drops from 1 .84±0 .17

(2 .24±0.38) pb at 0 .8 MeV to 1.48±0.15 (1 .68±0.39)
pis at 1 .08 (1 .12) MeV excess energy in reference [1]
([2]) . To achieve statistical significance as well as the
resolution required to resolve this structure the momen-
tum was varied corresponding to steps of 0 .5 MeV in
the excess energy. The average antiproton beam inten-
sity was around 700 KHz, giving a luminosity around

5 - 10 28 sec-' 1cm'. Data were accumulated until the
statistical error on the cross sections could be expected
to become 5% or less . Due to the segmentation of the
sandwich target four energy bins are measured at each
momentum setting . Having the vertex contrained by
the measurement of the beam track with the silicon
p-strip detectors upstream the target the energy res-
olution is expected to improve by more than a factor
three in the kinematical fitting procedure to be less a

100 KeV .

P degrader p AA
(M eV/c) (MeV) x10 1 ° (expected)

1439 .7 in 0 .5 1 .735 31
1439 .7 out 1 9 .23 823
1442 .6 in 1 .5 6 .06 1018

1442 .6 out 2 5 .58 937
1445 .6 in 2 .5 1 .61 829
1445 .6 out 3 2 .495 1113
1448 .5 in 3 .5 2 .40 1283
1448 .5 out 4 2 .16 1351
1451 .6 in 4 .5 1 .16 828

1451 .6 out 5 2 .32 1853

1454 .5 in 5 . 5 0 .43 429
1454 .5 out 6 0 .75 882

1477 0 .9 2000
Tablet The momentum settings with and without degrader

and the excess energy of the most upstream cell are
listed in columns one to three . Columns four and
five contain the number of antiprotons used at this
setting and, using a linear dependence of the cross
section on the excess energy, the expected number
of AA pairs.

In total 36.8x10 10 p were used for data taking. The

readout rate was 0 .87x10- 4 /p, resulting in about 33
million events on tape . Assuming a linear cross section
a = e • MEV

and using acceptance and efficiencies

of [2] the number of expected AA events can be cal-
culated . A total of around 12000 Ali . can be expected
after analysis . The estimates for the individual momen-
tum settings are listed in the table.
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Estimate of the Quality of a Measurement of Spintransfer in pp

K. Röhrich for the PS185 collaboration

AA with PS185

The error on the depolarization Dnn has been esti-
mated for a measurement of the reaction pp AA
with the PS185 experiment[1) and a frozen spin tar-
get[2].

A Monte Carlo program was used, which created events
in pure phase space as well as measured distributions.
It did not include effects from interactions of the re-
action products with detector material (multiple scat-
tering, 5-ray production or hadronic interactions) . The
target was assumed to be a cylinder of 1 cm diameter
and 1 cm length oriented along the beam direction . The
event trigger is based on the charged-neutral-charged
signature of the events . It therefore implies the instal-
lation of veto counters, which cannot be closer to the
target than what its vacuum chamber allows . Those
veto counters were simulated as being a rectangular
beam veto counter of 1 cm 2 and a larger 12x12 cm 2
scintillator with a beam hole of the size of the beam
veto counter . For tracking and baryon identification
the standard PS185 detector was simulated . The dis-
tance of the veto counters to the first wire chamber
plane was 1 .6 cm and the distance between the last
wire chamber plane and the hodoscope was 11 cm . To
approximately estimate material effects, events having
one or more of the charged particles with ß less than
0 .1 were discarded . An event was accepted if it had no
veto counter hit and at least one hit in the hodoscope.
Furthermore it was required that the tracks of all four
charged final state products (only charged A decays
were considered) are seen at least in both projections
in one of the chamber stacks . A dead zone for tracks
with laboratory angles of 90° ± 30° was introduced.
For a determination of Dnn it is essential, that the hy-
peron or antihyperon is identified. At least one track
must have had hits in the magnet chambers . Individual
counter efficiencies were assumed to be 100%.

The events were generated with a momentum of 1642
MeV/c . The beam profile was assumed to be of gaus-
sian shape with a width in x and y (eg . perpendicular
to the beam) of 1 mm . The pp --a AA angular distri-
butions of [3) for cross sections and polarizations were
taken into account.

The results of this simulation can be summarized as
follows : Many events are lost due to the cut on the de-
cay point of the hyperons/antihyperons implied by the
veto counters . In case of a pointlike target about 50%
of the events are lost, if the veto counters are only 1 cm
away . The Ioss increases to 27% if the distance is 3 cm.
The loss due to backward going pions is typically be-
tween 2% and 3% . A second loss occurs when tracking
is required . The finite size of the detectors as well as
the inefficiency for tracks at 90° kill another third of
the events . The overall efficiency is as small as 33% in
the case where the veto is 1 cm away and becomes less
than 20% for a minimum decay length of 3 cm . The
dependence of the acceptance on the production angle
as well as on the decay baryon's angle is smooth and
varies only Iittle . No regions with zero acceptance have
been found .

A measurement of Dnn must be decisive on different
models . The statistical error for each angular bin was
estimated using an simulation of the experiment with
event generation based on measured angular distribu-
tions[3] and a proper detector description . About 20000
AA events after decay branching ratio, trigger and re-
construction conditions were accepted and used for the
error calculation . The error is in the here considered
cases only weakly dependent on the actual strength of
the polarization. It is determined by the event statis-
tic as well as by the quality of the measurement of AA
polarization with an unpolarized target, which is a ne-
cessary input to determine Dnn . Assuming a realistic
beam rate of 500 KHz an eight days run could result in
the statistical errors shown in the figure.
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Figurel The depolarisations Dnn are taken from [4] . one
using a 3S2 quark-gluon model, the other one be-
ing based on a K-K ß exchange . The errors on Dnn
are based on the data of [3] and were evaluated us-
ing the calculated acceptance and assuming a one
week running at LEAR.
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Results from thepp-s 0 Reaction with the JETSET (PS202) Detector at LEARICERN

W. Oelert for the JETSET Collaboration

During the year 1994 data taking was completed and data
analysis was continued on the pp annihilation into the two

meson final state 44 observed via the decay into the four
prong signals of K+ KK+K.

The primary goal of the JETSET (PS202) experiment is to
explore the meson mass spectrum above 2 GeV/c 2 . The
experiment searches for s-channel resonances which decay
into four kaons . In formation mode, the experiment is
sensitive from near threshold to the highest mass
accessible with the LEAR machine, around 2 .4 GeV/c2 . In
the four-kaon final state, we have an enhanced sensitivity
to resonances with high strangeness-content . There are
many conventional mesons with a large strangeness
admixture, however, these are generally expected to be
suppressed in Gp annihilations . The reason for this is that
the nucleon (antinucleon) is known to be composed
primarily of u(T) and d(d) quarks, and to couple most
readily to final states composed of these quarks . This
dynamical selection rule is related to the more general
principle - OZI rule -, that the dominant hadronic
processes involve the minimum of quark pair
creation/annihilation . The cross section for pp - 4K ±

should be suppressed relative to the dominant multi-pion
reactions. However, this suppression night be overridden
by the formation of a flavour-neutral intermediate state,
such as a gg exotic . It is a general feature expected for
exotics that they should be Iess flavour-specific in their
couplings than conventional qq states . Hence the OZI rule

cannot apply to exotic-formation reactions. For this reason

the reaction 15'p -a 4Kt has special interest in the search for

exotic mesons above 2 GeV/c 2 .

Another dynamical selection rule observed in rip anni-

hilations is that the reaction proceeds primarily through
two-meson channels. In the four-kwon final state near
threshold this would correspond chiefly to 24(1020) pro-
duction, with probably some contribution from the tail of

the f°(980), and from the 12 (1270), f° (1300), and a2(1320)
at the highest values of K¢K" invariant mass . With a
deviation from ideal mixing 0 9 jd of only I° to 4°, the $ is
nearly 100 % si . If the OZI rule is interpreted to forbid
strangeness production in Pp annihilations then the

process rip -a can proceed only via the small urea

component present in the $ wave function. From this
model one can derive an upper limit tan4(0-8 ) sit 2 .5 . 10- 5

for the ratio of cross sections aolß,,. for production from
Tip annihilation. Although the cross section of pp -> tots

has not been measured directly, an estimate can he
obtained from the total 21z¢2ri"2x° cross section [1), which
was measured to be about 5 mb in the energy range of our
experiment . There are many reaction channels that contri-
bute to this final state . If we estimate that it is 10 % coca
then the expected 44 cross section is 10 nb.

The observed cross section . for the r,p -* 0 reaction is

much larger . The reason for a large violation may not lie in
the existence of strong resonances in the formation
channel. The origin of OZI violation in ag annihilation

reactions is one of the important topics and it is probable

that the physics behind the more -general phenomenon is
playing a role in the 44 channel . Tice experimental
question remains, however, whether resonance formation
may also be contributing to the large cross section for this
reaction, and if so, what the resonance parameters might
be.

The PS202 experiment utilizes a molecular hydrogen-
cluster gas jet target located in a straight section of the
LEAR antiproton storage ring at CERN. A cut view of the
detector is shown in Fig . 1 . The antiprotons circulating in
the machine pass from left to right in the figure . The jet is
normal to the beam and lies in the horizontal plane . Apart
from the constraints imposed by the jet fixtures, the
detector is azimuthally symmetric . It is divided at polar

angle 0€b ° 45° into barrel and forward regions. Beginning
at the interaction vertex, the particles entering the
acceptance of the detector traverse the elements in the
following order:

1. gain-walled beam pipe, a corrugated section of 300 gm
stainless steel extending 30 cm downstream of the
target, of elliptical cross section with horizontal and
vertical half-axes of 7 .8 and 3 .8 cm, respectively;

2. inner trigger scintillators, finely segmented in
azimuthal angle cp and divided between barrel and
forward;

3. drift chamber, composed of packed layers of cylindrical
str aws operating in proportional mode;

4. silicon pads of thickness 300 gm for measurement of
dE/dx;

5. threshold Cerenkov counters filled with either water or
liquid freon, for fast pion rejection;

6. outer trigger scintillators, three-layer hodoscope
forming pixels for fast track finding and luminosity
measurement;

7. electromagnetic calorimeter composed of a lead-
scintillating-fiber sandwich.

Several small dedicated silicon detectors for luminosity
monitoring are also present. The RICH in the forward
region and the IVIWPC (z-chamber) in the barrel were
present only for the later running periods . The experiment

has no magnetic field.
The online 4K trigger was based upon the charged-particle
multiplicity from the trigger scintillators combined with
low pion multiplicity from the Cerenkov counters, and low
gamma multiplicity from the calorimeter . The azimuthal
hit pattern in the inner trigger scintillators was required to
be consistent with transverse momentum balance.
The size of the jet target was about 8 mm f.w .h .m .,
compared with the typical p beam dimensions of about 3

mm r .m.s. . The density of the jet target was typically 4 . 10 €2

atoms/cm2, averaged over the profile of the beam. During

later runs this was raised to 6 .5 . 10 12 atoms/cm2 . A typical
stored beam of 4 . 10 1 ° antiprotons circulating at a frequency
of 3 .2 Mhz (1 .4 GeV/c) gave a luminosity of 5 . 10 29 chi s €.
Assmuing full acceptance and modest experiment dead-
time, a 14 cross section of 4 Ids at this luminosity would
yield a 4K4 trigger rate of about 0 .5 Hz . The actual trigger
rate at this luminosity varied from 100 to 500 Hz,
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Figure 1_ Layout of the JETSET (PS202) experiment, showing the major detector components.

depending on the beam energy and the Cerenkov radiator
in use.
The acceptance is much less than unity, owing to the large
loss of particles in the low polar angle region, where the
tracking is limited by the LEAK beam pipe . The priority of
keeping the tracking close to the interaction region, in
order to avoid losses from kaon decays, conflicts with the
need to extend the coverage as low as possible in polar
angle. The compromise implicit in the final detector design
gives an effective cutoff near ebb = 15°, averaged over 9.
The resulting acceptance for 44 varies strongly with the
production angle between 50 % and zero. In spite of its
acceptance deficiency, this experiment provides the first
detailed measurement of thee pp -> 4K± cross section, and

in particular the excitation function of the 44 channel, with
good statistical precision and excellent energy resolution.
The analysis leading to a sample of four-kaon events
proceeds via four steps ; four-prong reconstruction, 4K
candidate selection, kinematical reconstruction, and con-
firmation using particle identification (PID).
With AE = [E(p4)-E°-,, ;I, we define LSE as the minimum of
the difference between the total energy in the Iaboratory
system of the final four K : state and the total energy E 6 of
the initial ;P state.

An example of the AE distribution for all four-prong events
is shown in Fig . 2a . The same distribution following 4K
candidate selection is shown in Fig . 2b. Here one begins to
see evidence of an edge at AE = 0 which is the expected
signature of the four-kaon reaction . However, there is still
a large background present in the sample, as evidenced by

the preponderance of events with QE » 0 . To eiminate
this background, the reconstructed four kaon momenta are
required to be confirmed by the PID measurements : dEldx
in the silicon pads and number of photoelectrons in the
Cerenkov counters . In addition to confirming good 4K
events, the AIL tests are also used to distinguish the correct
kinematical solution from the incorrect one, in the case
that there were two. Following PU) confirmation, the AE
distribution is as shown in Fig . 2c . The remaining non-4K
background can be largely eliminated by a cut at AE < 0 .02
GeV. A crude estimate for the background that remains
under the peak in the 6E < 0 region for the final sample,
shown by the dashed line in the figure, is about 15 %.
A plot of the invariant masses of two-kaon pairs m 22 vs m34
is shown in Fig . 2d . The most prominent feature of the plot
is the large accumulation around the mass of the «(1020).
The peak is centered at 1019 .4+0.4 MeV and has a
f.w.h .m. of 14 .6+1 .1 MeV, which reflects the finite pre-
cision in the kinematical reconstruction and not the
intrinsic width of the ¢ . Because the charge of a track is
not measured by the detector, each event contributes three
entries in the mass plot . The band along the upper
diagonal in the plot is the combinatoric reflection of the 44
peak . About 70 % of the 4K events in this sample taken at
a P momentum of 1 .4 GeV/c are associated with the

peak, with the remaining 30 % spread out in a broad
continuum over the surface of the mass plot. To obtain . a
quantitative measure of the 44) fraction in the sample, we
have applied a maximum likelihood fit to the data, under
the hypothesis that each kaon either comes from 4) decay or

an
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Figure 2 : Four-prong data reconstructed according to the
four-kaon final state hypothesis, from the sample taken at
L4 GeV/c incident t momentum . (a) AE distribution for

all four-prong events ; (b) AE distribution of events passing

4K candidate selection; (c) AE distribution of events
confirmed as 4K by Pm ; (d) scatter plot of two-kaon
invariant mass 111 12 vs m34.

4

The measured excitation function for the reaction
pp -a is shown in Fig. 3 . The excitation function a is

defined as
Y

=

where Yo is the yield of 44 events in the final sample, L is
the integrated luminosity, and A is the total acceptance for
the q4 reaction generated isotropically and with no polari-
sation. The vertical scale in Fig . 3 can be viewed in a
rough way as the total cross section, understanding that it
represents a uniform extrapolation into the angular regions
where the acceptance is vanishing . More precisely it is the
integrated differential cross section over the accepted solid
angle S2 multiplied by the factor 4d1ä2 . The systematic
error for any one point is 15 % from the luminosity to be
combined with 15 % from the acceptance . The acceptance
uncertainty arises from the degree to which we have
checked the simulation of the online trigger. Since we do
not represent Fig. 3 as being the total cross section, there is
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polation that is necessary to extract a total cross section.
The effect of these systematic errors on the relative point-
to-point normalization is much smaller than their absolute
magnitude, and is expected to have a smooth behaviour as
a function of energy.
The 44 excitation function shows a threshold enhancement
which appears to peak in the vicinity of 1 .4 GeV/c (Is
2.22 GeV), above which it decreases rapidly . The
possibility that this enhancement might be associated with
a narrow resonance near 2 .22 GeV/c2 of 3 jib, in keeping
with evidence from earlier experiments, and in strong
violation of the empirical OZl rule. The limited angular
acceptance of the experiment precludes the possibility of a
systematic partial-wave analysis based upon this data . But
if a single narrow resonance is found to dominate the
enhancement near 1 .4 GeVlc then it would be possible to
derive constraints on its quantum numbers from this
measurement.
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Figure 3 : Excitation curve for the reaction pp- s 4 from a

broad scan over the mass range accessible at LEAR . These
data are corrected for the unseen decay modes of the ¢.

from direct production according to a phase-space distri-
bution . The phase-space component effectively takes into
account contributions from broad resonances such as the
12 (1270), fo(1300), and x2 (1320) . It has been pointed out

that the 1x(980) may also be present in our data, a possi-
bility which we have yet to study. Within the statistical
limits of the data that have been analysed so far, the fit
including only the channels .0, WIC, and phase-space
4K± gives an adequate description of the mass plot .
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Efficiencies for the Forward I-iodoscope in JETSET
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The circular three layer hodoscope[1] has been employed
in various triggers of the experiment PS202 at LEAR
at CERN (JETSET) . The scintillators are expected to
have an efficiency for charged particles very close to
100%. Nevertheless, due to fluctuations of the pulse
heights as well as geometrical inefficiencies due to little
gaps between the counters, their absolute efficiency is
somewhat smaller.

During data taking the JETSET experiment has recor-
ded events with multiplicity 2 in coplanar configura-
tion . These events come mainly from elastic proton-
antiproton scattering . They can be used to determine
the efficiency of indvidual counters in the hodoscope.
The accepted elastic events cover the full azimuthal an-
gular range and the polar angular region from 15° up
to about 40°.

The events were selected after criteria for elastic scat-
tering . They have one track in the forward tracking
detector and a second track beyond 45° due to the trig-
ger condition . The forward track's impact point on the
hodoscope was calculated and the expected hit scin-
tillators determined . To make sure that the particle
would travers the scintillators, one cluster of hits was
required in the calorimeter further downstream, with
its center not further away from the track impact than
half the cluster radius. Due to multiple scattering, es-
pecially for 1992 and later when the implementation
of the RICH detector brought more material into the
particle's track, the particle might not just hit the scin-
tillator in the straight extrapolation but the left or right
neighbour . As a prediction therefore the scintillator on
the track and its both neighbours in each layer were
taken . The efficiency was calculated as the ratio of hits
found over hit predictions for that scintillator . In case
of two or three scintillators hit due to secondary effects
like backsplash or 6-rays only the central one was taken
into account.

The efficiencies have been determined for the data tak-
ing periods in 1991 and 1992 . Intergrated over longer
run periods the statistical errors, being as large as 30%
for individual runs, can be neglected . The resulting ef-
ficiencies[2] are always larger than 95% , but typically
they vary between 97 .5 and 99% . An inefficiency of
about 1 .1% is introduced due to the 400 pm gaps be-
tween the counters . Thus efficiencies larger than 99%
cannot be expected . It was found that some counters
systematically have lower efficiencies in the order of
95% only. This must be attributed to a slightly as-
symetric mounting as well as gravitational pull, which
makes the scintillators in the lower hemispere bend
downwards a bit and thus increase the gaps between
them in certain areas .
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Figurel Run by run efficiencies for wegde scintillator
FSSO1 for 1991 and 1992 . The average efficiency is
around 99% . The fluctuations to low efficiencies
mainly arise from runs with very few events only.

The investigation also showed that with the chosen
voltages and discriminator threshold settings there is
hardly any difference when using the TDC hit or the
recorded ADC with an offline cut . The difference be-
tween ADC and TDC efficiency is less than 1% .

To illuminate the stability with time the figure shows
the run by run efficiency of one of the straight coun-
ters of the forward hodoscope . The runs with lower
efficiency have in most cases very little statistics . This
looks more or less the same for all other counters . Vari-
ations of the high voltage, as they were adjusted in the
beginning of the data taking hardly influence the effi-
ciencies, but rather improve the ADC measurement.

To summarize the efficiency of the scintillation counters
in the forward hodoscope of the JETSET experiment
are close to 100% . The observed inefficiencies can to
their larger part be attributed to the gaps between the
counters.

1) University of Bari and INFN, Bari
2) CERN, Geneva
3) Universität Erlangen-Nürnberg
4) Albert Ludwigs Universität Freiburg
5) University of Genova and INFN, Genova
6) University of Illinois at Urbana Champaign
7) . University of Oslo

The Svedberg Laboratory, Uppsala
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Results from the Small Angle Trigger in JETSET
K. Röhrich for the PS202 collaboration

The aim of the 3ETSET[1] experiment at LEAR, CERN
is to study the 0¢ final state in pp annihilations in
flight . The 0-mesons decay to about 49% into two char-
ged K-mesons . Based on the signature of four charged
final state kaons an apparatus with good tracking and
particle identification in the kinematically allowed an-
gular region was build . A large fraction of possible
background is avoided by selecting events with tracks
in a limited angular range (15° to 65°) . The lower limit
is imposed mainly by LEAR's vacuum beam pipe . This
causes a hole in the experiment for events with the 0
mesons close to the beam axis (-0 .8 < cos 8"f s <

+0.8) . Those events have a typical signature of one or
two fast forward going kaons and two slower kaons at
larger angles . Making use of the circular forward ho-
doscope [2] a trigger [3] was formed to catch some of
those events.

Figure1 Energy unbalance after kinematic calculation.
The solid line is the distribution before particle
identification . The dashed distribution remains
after pid.

About 350K events were recorded at two beam mo-
menta 1465 and 1505 MeV/c . The accumulated events
correspond to a luminosity of 40 pb'.
The analysis was based upon three major characteris-
tics . There must be two clear tracks in the forward
tracker. This is neccessary to define the production
vertex, which together with the small angle pixel in
the forward hodoscope defines the third track . A slow,
large angle kaon will only give a signal in the beam pipe
scintillator, where it is slowed down or even stopped.
It eventually decays and in 63 .5% the decay product
is a muon accompagnied by a neutrino which is not
detected . The muon track can he reconstructed . Its
impact point on the surface of the beam pipe was as-
sumed to be the decay point of the kaon . This is a
crude approximation, but Monte Carlo studies have re-
vealed a geometrical acceptance of about 6% and a re-
construction effciency of still 5%. The kinematic was
calculated for the reconstructed events for all possible
mass hypotheses . In figure 1 the deviation from energy
conservation (energy unbalance) is displayed as calcu-
lated from the track directions before and after particle
identification for the 4K mass hypothesis . Background,
which appears mainly at large energy unbalance, is al-

most completely eliminated . The distribution of events
in these spectra are well reproduced by the Monte Carlo
simulations . .

Figure2 The Goldhaber plot for the 4K hypothesis . The
triangle indicates the kinematically allowed re-
gion . The circle is at the position of the 00-peak
and has a radius of 7 McV/c 2 .

The second figure shows the distribution of invariant
masses for pairs of tracks assuming all being kaons . In
the region where ¢0 events should appear, indicated by
the circle at masses of 1020 MeV/c2 , only few events
are left . This is in agreement with an estimated cross
section in the order of two pb . The major reason for the
small number of final events was the trigger prescaler
(2 6 ) which was neccessary to keep the trigger rate be-
low 10% of the total rate.

[1] . L .Bertolotto et all ., submitted to Phys . Lett . B (1994)
[2] M.Dahmen et al ., Nucl .Inst .Meth A348(1994)97
[3]- K.Röhrich et al ., Ann . Rep. 1992, Jii-2590

K.Röhrich et al ., JETSET/NOTE 94-1i
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Continued Search for Anti-Hydrogen at LEARICERN

G.Baur, R .Bröders, M.Chanel l , M.Dahmen, D .Grzonka, K.Kilian, C' .Lacroix ] , P.Lefevre ] , D .Möhll ,

G.Molinari t , W.Gelert, K .Röhrich, M.Rook, K .Sachs, T.Sefzick, R .S .Simont , O.Steinkamp

Figure 1 : Experimental setup

The data analysis is based on following measured val-

ues : scintillator TDCs for time-of-flight and so velocity
information from the p/p, scintillator ADCs for velocity
check via (dE/dx)p, silicon ADC's for (dE/dx)p -F Te and

(dE/dx)p resp. to ensure the existence of pe- or Pe+, and
Nal ADCs for detection of the two e+ -annihilation •y's
which then indicate at least the existence of the pe + -pair.

Data were taken during three weeks at different beam mo-
menta in steps of 20 from 1180 to 1280 MeV/C, in steps
of 30 from 1315 to 1375 Me v/c, and at 1500, 1550 and

1800MeV/c . The choice of these momenta was governed
by the physics program of the PS202-experiment.

The time-of-flight spectrum in figure 2 consists of mainly

two components : a peak at high velocity which is due
to fast flying particles from Ti induced reactions produc-
ing e.g. multiple pions, and a peak representing particles
with velocities slightly slower than the beam itself. These

particles are supposed to be p or p mainly due to charge

exchange reactions where a n scatters at a n and app-pair
is produced . The other source of this type of events is the
H°-production.

Figure 2 : Time-of-flight spectrum at 1345 MeV/c

With the time-of-flight trigger 904,520 events were ac-
quired . Applying several appropriate cuts with four stan-
dard deviations around the expected observables the fol-

lowing candidates remained : four events with a clean e+.

annihilation but no acceptable signals in the silicon coun-
ters, five events with a clean of -annihilation but time-of -
flight and scintillator ADC values indicating multi pion
events, and at least three events showing time-of-flight
values in the expected range, consistent dE/dx measure-
ments, silicon signals with the correct signal height for the
P i' -pair from I'd°, but no Nal-signature in opposite crys-
tals which would indicate a e+ -annihilation doubtlessly.
All six crystals would have to be summed up to fulfil
the required 2 x 512lkev signature . On the other hand,
calibration measurements with a 22 Na-source have shown
that the total efficiency, i .e. geometrical plus detection of
the two 7's, is around 35 %.

In 1995 an improved setup will be installed which allows
for particle identification using a magnetic separator sys-
tem. Heavier nuclei will be used as a target to improve
statistics since 0-production cross section is proportional
to 2met•

t PS-Division, CERN, Geneva, Switzerland
+ GSI Darmstadt, Germany
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Like in 1993 [1] a measurement parasitically to the PS202-

experiment at LEAR/CERNI was done in order to observe
anti-hydrogen (H°) production . The underlying process is

the creation of a n electron-positron pair (e e ) during the
exchange of two photons emitted by the beam anti-proton
(P} and a target proton (p) [2] [3].

PP -> P p e'e - (Pe )P e
_

The e+ - if it has the appropriate velocity - can be cap-
tured by the p thus forming an H°-atom, which leaves the
accelerator through a hole in the next bending magnet . Be-
hind this dipol -- still in vacuum - the H° ionizes in an 30p
Al foil . The e¢ is stopped in a subsequent silicon-counter
(700 pm, 1200 mm2 ) leaving all of its kinetic energy while
the p due to its high energy crosses this and all follow-
ing detectors, namely a second silicon-Counter (500 p. m,

1200 mm2 ) and the scintillation counters (BC-404, 5 mm,
100 cm 2 ) for time-of-flight measurement, inducing sig-
nals proportional to the individual energy losses . The e+
annihilates in the silicon and the two 512keV photons
(^y) are detected in a surrounding six-fold segmented NaI-
detector.
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Study of the Roper Resonance Excitation in Light Nuclei

V. Jaeckle, H.P . Morsch, M. Boivinl , 3 .L . Boyardl , P . Fuchs ' , T . Hennino 2, .I .C . Jourdain2, I2. Kunne l , L . Afurphy3,
F. Plouin l , P . Radvanyil , B . I'.amstein2, S. Rousteau2 , Ni. Roy-Stephan2 , W. Spange , P. Stoler3, P .E . Tegner4, P. Zupranski5

Experiments on the excitation of the P11(1440 MeV) re-
sonance in a-scattering at E . = 4 .2 GeV have been per-
formed at Saturne for the nucleon [I] and for nuclear
targets [2] (2 H and 12C) . This type of excitation
corresponds to a compression of the nucleon and is directly
related to the radial degree of freedom of the system. It is
of particular interest to study nuclear medium effeccts on
this hadronic degree of freedom.
In addition to the medium effects discussed in ref . [3] a
swelling of the nucleon in the nuclear medium has been
discussed in the literature [4] . This will effect the
excitation energy of the compression mode which can be
estimated using energy weighted sum rules [5]
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The nucleon compressibility KN is also related to the
radius . Using KN l/p, where p represents the density p =
4sil3 <r2>3n, this gives KN 914rc l/<r-2N>372. From this we
obtain

2 2 7A 2	 lE a st	
4strrs N <r2

> 5I2'
~

From this expression we see that already a small change of
the nucleon radius would result in a relatively large change
of the excitation energy of the monopole excitation.
Estimates of the swelling of the nucleon based on K-
scattering total cross section measurements [6] yield r
1 .1 r0 . Such a change of the nucleon radius in nuclear
systems would give rise to a lowering of the monopole
excitation by about 80 MeV. Certainly, in our experiment
we cannot expect to observe such large effects due to the
fact that a-scattering is only sensitive to the surface of the
nucleus which has a reduced density.

Experimental spectra for 2H and 32C are given in fig. 1.
Similar to the scattering from the nucleon two components
are observed in the spectra, target excitation and coherent
Fr-production from poajecctilc excitation . Calculations of the
latter process in quasifree kinematics are given by the solid
lines which give a good description of the spectral form
above the is-threshold. In this calculations the Fermi-
motion is taken into account using the Hulthen wave
function for the deuteron and a p3i2 single-particle wave-

function [7] for 12 C.
The difference between the experimental data and the solid
lines in fig . 1 shows the effect of target excitation (see fig.

2) . In this figure a similar spectrum for the case of the
nucleon [1] is included (upper part). For this, the solid line
presents the spectral shape of the P11-resonance using the
u-N P 1 1 phase-shifts [8] . The fact, that a reasonable
description is obtained supports the interpretation of
excitation of the Roper resonance. For the nuclear systems
this excitation is also observed. The excitation energy is
not much changed, whereas the width is quite a bit in-

creased. Calculations of the spectral shape of the Roper
resonance in quasifree kinematics are given by the solid
lines, the Fermi-motion of the nucleon is taken into
consideration in the same way as for projectile excitation.

3
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FigureI : Missing energy spectra (Omega) for inelastic a-

deuteron and a- 12C scattering. The solid lines
indicate the contributions from projectile
excitation.

This gives a reasonable description of the spectral shapes
with an increase in width consistent with the data . For the
deuteron this indicates that the present experiment is in
good agreement with the previous data [1] . For ' 2 C the
spectra are also reasonably descried, a shift of the
resonance is not observed within the experimental uncer-
tainties . This may exclude a swelling of the nucleon in the
scalar field of a-scattering, at least for the surface nucleons
in 12C.
In the same experiment the elastic a-scattering from 2H
and 12 C is measured . The data are already published [9]
together with an optical model analysis.
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Meson Production Experiment PROMICE at CELSIUS

K. Kilian, W . Oelert, V . Renken, T . Sefzick, M . Waters
for the PROMICE collaboration
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The research program of the PROMICE (PROduction Of
Mesons In CElsius) experiment at The Svedberg
Laboratory uses the CELSIUS storage ring in Uppsala
(Sweden) with the aim to study fundamental reaction
mechanisms for the r£ and rl meson production and to
investigate the role of different resonances for the reaction
cross section, esially close to the production threshold.
In 1994 first results from proton proton collisions and the
pd> 3 Herl reaction at 1250 MeV and 1276 MeV were

obtained [1].
The experimental setup has been improved last year. In the
forward direction a window-detector for fast particle
separation in the trigger decision was added and two
planes of a straw-chamber detection system were installed
additionally to the unchanged thin plastic-scintillator
hodoscope (Quid .) and the segmented calorimeter. The
internal cluster jet target and the well working central
detector for the measurement of neutral and charged tracks
were unchanged. Behind the calorimeter is a new
vetohodoscope.
In February `94 a 1 GeV proton beam was successfully
used for testing both the setup changes and different
triggers. Data for the pd>3Herl reaction were taken
subsequently, with - 6000 pd-a 3He rl events expected.
In July `94 was a run for Bremsstrahlung measurement . In
October/November `94 a second data taking for the
pd>3Hevl reaction took place at four energies close to
threshold and at the magic, momentum for the i ;:eson
production (930 MeV, 965 MeV, 1037 MeV, 1100 MeV
proton beam). From a very first check and the online
contrail program the number of measured reactions can be
estimated to 30 .000 . events per energy setting.
Very preliminary results for the improved particle
separation are shown in figure 1, where the energyloss in
the last plane of the Jülich-hodoscope is given versus the
energy deposit. in the 3He stopping range hodoscope plane.

The possible Missing Mass resolution is two to four times
better with the new tracker for the 3Heil production, as
shown in figure 2.

Figure 2 : Missing Mass resolution for pd>3I-Ierl versus
beam energy. Upper curve old setup, lower curve
including the new installed straw-chamber
system.

The ti is identified by the missing mass of the 3He recoil
nucleus . In addition, a full event reconstruction is possible
by measuring the two rl decay photons and the 3 He recoil.
This nearly background free event sample has certainly a
much lower counting rate . Figure 3 gives a preliminary
missing mass distribution for full reconstructed events
from the November rim. It contains about 10 % of the data.

100

Missing Mass (2a 's required) [MeV]

Figure 3 : Missing mass distribution for pd> 3 Hei event at
Tp = 1037 MeV.

In the final analysis angular distributions and total cross
sections will be evaluated to get more information about
the remarkable strong rl final state interaction.

Reference:
[1] M. Waters, PhD thesis, Jüi-Bericht 2917, 1994, KITA

Jülich

Figure 1 : Energy loss in third Jülich hodoscope plane (dE)
versus energy deposit in the first range
hodoscope plane (B) from proton-deuteron
collisions at Tp = 1037 MeV.

800

- 97 -



A Background free Search for Dibaryons
K . Röhrich

One of the challenges in medium energy physics is to
find unambigously objects which are not simple states
of a quark-antiquark pairs or three quarks like mesons
or baryons . Non-standard quark states are conceivable
and have been predicted . If found, they will provide
strong constraints on the QCD confinement potential
and the extrapolation of the asymptotically free quark-
gluon models into the non-perturbative region . One
class of non-standard objects are six-quark particles or
dibaryons . Of special interest are the strangeness con-
taining dibaryons. Historically called "H-dibaryons"
several experiments[1] have been performed to search
for those particles . Typical upper limits for the produc-
tion of H-dibaryons are in the order of a few hundred
nanobarn . Here I discuss the possibility of an exper-
iment to detect the double strange charged dibaryon
R+,r in the reaction chain

pp 11 ++ -} E+E+
The threshold momentum is 1 .852 GeV/c correspond-
ing to a mass of 2 .3788 GeV/c a

Detecting the reaction pp

	

E+ E+ would be the
first measurement of a = 2 transition outside the
neutral meson systems . This reaction is principally
not forbidden by any quantum number selection rules.
But because it involves a transition between different
isospin/strangeness states (1=1 and S=0 to 1=2 and
S=-2) it can only proceed via the electroweak inter-
action. In the standard model (SM) neutral current
interactions do not change flavor . Therefore the ex-
change of at least two charged W-bosons is needed and
thus the process is suppressed by at least mom . Due
to the exchange of the heavy boson masses the interac-
tion is extremely short ranged . In the meson exchange
model (EM) a K° from the one baryon would have to
convert into a K° to get absorbed by the other baryon.
The transition K°

	

K° is well known and within theare

MEM the reaction pp -e E+E+ measures the short
range AS = 2 in the neutral K system . As discussed
by [2] a determination of the short range strength of the
t~5 = 2 transition could constrain the masses of higgs
particles or the heavy partners of the gauge bosons in
left-right symmetric models.
The production of E + E+ in proton-proton reactions
is a slow process and the reaction time is short. The
interaction time and therefore the chance for two d-
quarks to turn into s-quarks is enhanced, if intermedi-
ate resonances would exist [3] . At the position of the
resonance the E +E+ production should be enhanced.
Because the nonresonant background in the reaction
pp - E+ E+ is expected to be extremely small, this
process is perfectly suited to study dibaryonic reso-
nances which might decay into E + E+ . They would
be I=S=2 particles . Bag model calculations[4] put the
mass of the H++ in the region of 2 .7 GeV/c'-.

In the MEM the process pp es, E' E+ is only possible if
the exchanged meson is or becomes its antiparticle . In
this picture a maximum estimate for the cross section

Figurel Diagrams for thS = 2 transitions in proton pro-
ton collisions . Quark lines are full, bosons lines
are broken. The exchange of at least two . .W
bosons is compulsory in the standard model.

is provided through the reaction pp -sr E+E+ . Here
the particles of one arm of the process pp - E+ E+
are replaced by their antiparticles . Cross sections for
this reaction are of the order 1 to 10 /lb . One could
also imagine a dissociation of one proton into a E + and
a virtual If* . To get absorbed by the other proton
the It" has to oscillate into its antiparticle K . The
K° - K°° oscillation frequency is proportional to the
mass difference Am = (3 .522±0.016)•10-seV between
KJ and K . The oscillation period is about s nsec
corresponding to an oscillation length of a few cm . In
hadronic interactions as considered here the interaction
length is of the order of 10 -13 cm. The fraction of K°s
changed into their antiparticles is 1 --- exp{- i } or
negligible.
In a very simple picture one would use the cross sections
of the reaction pp E+ E + and scale it by the ratio of
the involved coupling constants . A suppression factor
of about l0- is obtained . The question whether and
how much the "double penguin" diagram of figure 1(a)
might contribute would be very interesting and there
is theoretical evidence that the penguin diagram might
enhance flavor changing transitions in baryons [6] . In a
more recent calculation [7] it was found that in next to
leading order the AS = 2 effective Hamiltonian gets a
huge positive correction at low momentum transfer.

As a first approximation to an experiment to measure
the reaction pp -' E + E+ the experiment PS185 at
LEAR/CERN can be taken. It has investigated hy-
peron production in proton-antiproton annihilations.
The event signature for pp -r . . E+ E+ and Pp
E+E+ is -besides the opposite charge for one of the
particles- exactly the same. Near the reaction thresh-
old the hyperons are very slow and thus should be
clearly distinguishable from lighter charged particles by
a dE/dx measurement . Using a threshold Cerenkov the
slow E¢ could be retained while faster protons or pi-
ons would be vetoed . A further identification. of the
final state hyperons is possible by the decay E + -•
(p ;r° or n ;r + ) . The kink in the charged particle track

-98-



where the hyperon decays can only be faked by angle
scattering and therefore a massless detector is desirable.
A very good tracking resolution is required.
A trigger would look for charged multiplicity 2 events.
It could check coplanarity and use online dE/dx and
Cerenkov information. The detection of neutrals (ei-
ther sr° or n) would help very much in the event iden-
tification. Background is coming mainly from prompt
pion production (e .g . pp pp7r° or ppsr-°r°) and can
be eliminated online by the recognition of decay kinks.

The threshold momentum for the reaction pp pE+ K°

is at 2 .24 GeV/c. The cross sections for this reaction
are of the order of 30pb . It has one decay kink and
might fake a good event due to small angle multiple
scattering of the proton . But this reaction is interest-
ing in itself and thus might be a wellcome present, as
long as it can be identified unambigously in the offline
analysis.
The reaction pp - pE+K° also provides a "K°
beam" . By the propagation of the K° over a few mm
a sizeable oscillation into K° is obtained . An initial
luminosity of 0 .lpb-1 leads to a K' "beam " intensity
of a few Hz . The mixing is around 5% inside a tar-
get of 1 em 3. The cross section Kip -a P-°E ' is about
1 mb at 300 MeV/c Kaon momentum . That would lead
to about 1 event per day, but there are three protons
involved in the reaction and that can be used in the
trigger for identification.

To search in a wide mass region beam momenta up to
several GeV/c might be used at a proton synchrotron
like COSY. A liquid h y d rogen target of cm length
can stand 10 7 protons per second . This leads to a lu-
minosity of about 0 .1 . 103° cm- 'sec° i . With this basic
luminosity count rates of 1 event per 2 days can be ex-
pected if a hypothetical resonance cross section is 50
pb . The Tor detector[8] at COSY would be an ideal
instrument to detect the final state particles, because
it provides particle identification via time of flight and
dE/dx and has a massless volume outside the target.
To measure dE/dx of the final state hyperons and to
detect their decay kink an arrangement of thin pstrip
detectors is conceivable . Due to the forward peeking
event structure the detector system has highest accep-
tance even if only sensitive in the forward region . Nev-
ertheless the reconstruction efficiency might be as low
as 20%[5] . Most triggers will be caused by background
from multi-pion production or single kann production.
A trigger based on dE/dx and charged multiplicities as
well as being geometrically confined to the kinemati-
cally allowed regions will cut down raw rates . Requir-
ing coplanarity and vetoing on charged particles outside
the acceptance of the trigger will reduce furthermore.
At this level an online decay-kink determination with
a fast processor should be possible.

The possibility to study the reaction pp --$ ESE has
been discussed . It would be the first observation of the
flavour changing AS = 2 transition outside the neutral
meson system. Expected rates are extremely small and
there is only little hope to use this reaction channel to
search for dibaryonic resonances . Only at known reso-
nance positions one might expect some cross section, if

the strangeness content of that resonance is large.

Even though the expected cross sections are very small,
there is much room for new and exciting physics . A
nonresonant cross section would be a direct measure-
ment of a flavour-changing neutral current . The proof
of existance of the H ++ would be a strong constraint

to quark-gluon models . Its isospin 2 would be a unique
identification as a nonstandard particle.

References

For an overview see S .Paul,
Nucl . Phys . B(proc .suppi)21(1991)243
G.Ecker and W .Grimas, Nucl .Phys . B258(1985)328
C .Q .Geng et al ., Phys . Rev . D38(1988)2857
J .Ball et al ., contribution to PANIC 93, Perugia
R.Siebert et al ., Nucl . Phys . A567(1994)819
J .Bisplinghoff et al ., EDDA coll . at COSY
P.J .Mulders et al_, Phys . Rev . D21(1980)2653
It . Geier, PhD thesis, Univ . Erlangen 1993
N .G .Deshpande al ., Phys . Lett . B326(1994)307
M.Jamin and A .Pich, Nucl . Phys . B425(1994)15
Experimentiervorschläge am COSY, ed . P .Turek, Jü1-f

[1]

[ 2]

[ 3 ]

-99-



Systematic study of the pn-CCD detector for the high resolution Bragg Spectrometer

G .L . Borchert, M . Elble, H. Gorke, D . Gotta

The spectroscopy of antiprotons X-ray transitions is the
only possibility to investigate the hadronic interaction at
th resho ld . The measurement of the energy, shifts and the

line widths of Ka and La transitions in hydrogen and
helium isotopes yields the corresponding complex
scattering lengths and volumes . To perform this
experiment at the antiproton storage ring LEAR of CERN,
a specially optimized Bragg reflection spectrometer has
been developed [1] . An essential component of this device
is a two dimensional position sensitive detector with high
position resolution and good energy resolution for efficient
background reduction . For this purpose a CCD detector is
ideally suited . Therefore, we have adapted to our require-
ments [2,3] a CCD, which was specially developed for X-
ray astronomy applications by the Iv i' Munchen [4,5 ].

Briefly, it consists of the CCD chip, the amplifier chip
CAIVMX and a timer chip TIMEX mounted on a A12 O3
carreer, which is connected to a copper frame cooled by a
LN2 reservoir . The whole unit is mounted inside a vacuum
chamber in a way so that an adjustment in lateral direction
and around a vertical axis through the surface of the CCD
is possible . Thus an optimal position on the Rowland circle
of a focussing spectrometer can be achieved.

The data are transferred serially to an ADC and event
filtering unit residing in VIE environment. For each
pixel, a 32 bit word is formed that contains energy,
position, and CCD identification . To handle the data flux
which is of the order of 500 kByte/s, an online code has
been developed which rejects all pixel rows except the ones
with valid information. The corresponding software
package for the event filter was developed on the basis of
assembler and C, residing in the VME system [6] . Finally
the net data are transferred via ethernet to the vax cluster
where they could be stored or visualized . The system is
described in detail elsewhere [2,3,6].

The test measurements were performed with a collimated
(200 pm wide) 55Fe source. The following characteristic
properties of the present CCD setup could be extracted:

exposure time :

	

150 ms
readout time :

	

12 ms
energy of Mn Ka

	

5895 eV
FWIM of sum spectrum

	

240 eV
spread of amplification

	

1,1%
transfer efficiency per pixel*

	

(999,5±0,1) %o

probability for charge splitting

	

(46 ± 4) %

* in our case, the charge is shifted through up to 200 pixels

A spectrum of `5Mn Ka and KB for one pixel after
application of the common mode correction is shown in
fig . 1 . In addition, only single hits are required. An energy
resolution of 3 .7% was achieved which is as good as for a
small Si(Li) semiconductor detector.

0

	

2

	

3

	

4

Energy/keV

Fig. 1 : Energy spectrum of the Mn K X-rays as obtained
from a single pixel corrected for common mode and
charge splitting.

5 76

For the analysis, the following effects have to be dealt
with:
1) Determination of the individual offset of each pixel.
2) Recognition of all pixels that are defect by means of a

noise analysis.
3) Common mode corrections : This offset displaces the

base Iine of a row of pixels in an arbitrary way.
4) Determination of the amplification of each of the 64

amplifier channels.
5) Correction for transfer efficiency.
6) Charge splitting : The charge created by one X-ray can

be distributed into more than two neighbouring pixels.
By checking the neighbouring pixels of a detected event
the total energy can be reconstructed, but with
decreased energy resolution.

1) and 2) must be performed before starting a
measurement, because the parameters are already needed
for the event filter.

Meanwhile, a new generation of pn CCDs is available [7].
It allows exposure times around is with drastically
improved transfer efficiency which yields energy
resolutions beyond the. limit of good Si(Li) detectors..
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X-rays from Light Antiprotonic Atoms Measured with The Low-Energy Bragg Spectrometer

D . Anagnostopoulos l , M. Augsburger2 , G . Borchert, D. Chatellard2 , P . El-Khoury 3 , J .-P . Egger2 ,
M. Elble, H . Gorke, D . Gotta, P. Hauser4 , P . Indelicato3 , K . Kirch4 , S . Lenz, K. Rashid5 ,

O.W.B. Schult, Th. Siems'', L .M . Sirnons4
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The aim of LEAR experiment PS207 is the high
resolution spectroscopy of Lyman and Balmer
transitions of the antiprotonic hydrogen and
helium isotopes to determine hadronic shifts and
broadenings of the low-lying atomic hyperfine
states [1] . In the present experiment, for the first
time, antiprotonic X-rays have been measured
using a crystal spectrometer.

The 105 McVlc antiproton beam of LEAR was
injected into the cyclotron trap and stopped to
about 90% in hydrogen, deuterium, helium, and
neon gas for 30 mbar hydrogen and pressures of
equivalent stopping power . With the present beam
intensities, about 10' antiprotons could be stopped
per hour . As Bragg crystals spherically bent quartz
and Si crystals of 100 mm diameter and a radius of

curvature of about 3 m have been used [2] . The
reflected X-rays were detected in a charge-coupled
device (CCD) with a pixel size of 22 .5 fam x 22 .5
lam, which provides an excellent position
resolution . In addition, the good energy resolution
(about 180 eV at 1 .7 keV) allow an efficient
background rejection.

The width of the X-ray source provided by the
stop volume in the center of the cyclotron trap was
found to be <_ 20 mm (FWHM) in diameter from a
preliminary analysis . The measurement was done
with the La X-rays from antiprotonic hydrogen
and the 5->4 transition of antiprotonic helium.

Fig. 1 shows the La transitions of antiprotonic
hydrogen and deuterium as obtained from the
online analysis, where a cut is applied to the
energy spectrum around the transition energy of
1 .738 and 2.317 keV, respectively, An overall
detection efficiency for one La X-ray from
hydrogen or deuterium of about 1-2 .10 -8 per
incoming antiproton was achieved for the whole
setup . The absolute yield of the antiprotonic La
transition is about 50% both for hydrogen and
deuterium.

The natural widths of the antiprotonic transitions
are orders of magnitude smaller than the natural
widths of fluorescence X-rays excited by means of
X-ray tubes. Usually, fluorescence X-rays are the
only possibility to investigate the performance of
Bragg crystals . In the case of silicon and sulphur,
the natural line widths of the Ka transitions are
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0.52 and 0.77 eV and thus exceeding the width of
the rocking curves by a factor of about 4 [3].

Ideally, the response function of the Bragg
spectrometer is obtained from antiprotonic X-rays
from atomic states not affected by strong
interaction, finite size effects, or electron
screening. The natural width of such X-ray

transitions is due to a pure electric dipole
transition and, therefore, only of the order of a
few meV . Any broadening of the reflection width
then only contains contributions of the rocking
curve, the geometrical aberration, and the position
resolution of the detector.

The response functions at Bragg angles close the

setup for antiprotonic hydrogen and deuterium Lc(

have been measured with the transitions 5g->4f
from antiprotonic 4Iie at 1 .797 keV and 13-x12
from antiprotonic 20Ne at 2.444 keV at equivalent
pressures corresponding to 30 mbar hydrogen
(fig . 2) . In the case of antiprotonic 4He, it was
possible to observe also the parallel transition 5f>
4d. The yields of such parallel transitions provide
new experimental information on a region of the
atomic cascade which was accessible up to now
only indirectly from cascade calculations.
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Fig .2 Position spectra of the CCD for the

transitions 5->4 of antiprotonic 4He [E=1 .7956

keV] and 13-312 of antiprotonic 20Ne [E=2.4441

keV]. These narrow transitions are used to

determine the response functions of the apparatus

for the measurements for the hydrogen isotopes .
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Feasibility Study to Determine The Pion to Myon Mass Ratio

D . .4nagraostopoulos 1 , D . Belmiloudx, G. Borchert, D . Chatellarcl3 , M . Daum4 , J .-P. Egget-3 , R. Frosch4 ,

H . Gorke, D . Gotta, P . Hauser4 , P . lndelicato2 , K. Kirch4 , S . Lenz, O.W .B .Schult, Th .Siems, L .M . Simons4

The aim of experiment R-94 .01 presently being
performed at the Paul-Scherrer-Institut (PSI) is to
determine the mass of the negative pion to an
accuracy of < 3ppm by measuring characteristic
X-rays of pionic and myonic atoms with a Bragg
crystal spectrometer [1] . A myonic transition of
almost the same energy as the picnic transition,
i .e., of almost the same Bragg angle, will be used
as calibration. Assuming CPT invariance, the
myonic transition energy is calculable with the
same accuracy as for the mass of the positive
rayon. If furthermore, the level energies are not
affected by strong interaction, finite size effects,
or electron screening from the remaining electrons
in the exotic atom, the myonic transition provides
a calibration almost one order of magnitude more
accurate than the one available from measurements
of fluorescence X-rays.

To suppress electron refilling from neighbouring
target atoms, gas targets have to be used.
Furthermore, the X-rays have to be emitted from
those levels where the electron shell is already
stripped off [2] . In the case of pionic nitrogen and
myonic oxygen, various transitions exist which are
accessible with a Bragg spectrometer (tab . 1) . At a
pressure below 10 bar, the probability that there is
still one K electron left in the exotic atom is
predicted to be a few per cent only [3].

E / keV E / keV

reN(6-5) 2 .2023 p.0(6-5) 2 .1852

nrd(5-4) 4 .0546 110(5-4) 4 .0229

xN(4-3) 8 .7618 p.0(4-3) 8 .6920

Tab. 1 Transition energies for pionic nitrogen and
myonic oxygen as calculated from the Klein-
Gordon and the Dirac equation . For the final
analysis, the QED corrections have to be taken
into account .

recording pionic X-ray transitions . A stop rate of

3 . 10 61/s was achieved at 2 bar Ne, which
corresponds to a stop efficiency of about 2% for
pions.

The stop distribution in the center of the target was
measured with the rrN(4-3) transition (fig . 1) . The
X-rays were reflected by a spherically bent Si
(111) crystal of 10 cm diameter and a radius of
curvature of 3 m [4]. As position sensitive
detectors, a multiwire proportional chamber and
charge-couple devices (CCD) have been used.

Fla. 1. Stop distribution of pions at 3 bar N 2

measured using the aN(4-3) transition . The X-rays
were reflected in forth order by a spherically bent
Si (III) crystal and detected in a multiwire
proportional chamber filled with a Xe/C14
mixture (90%/I0%) at 2 bar . The diameter of the
window of the target chamber is 52 mm, i .e ., the

stop density distribution is uniform in the center of
the cyclotron trap . .
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For a first measuring period, a specially designed
Bragg spectrometer was installed in the ,xE5 area at
PSI . The cyclotron trap was used to provide the X-
ray source by stopping the pion beam and the
rayons from pion decay in the center of the target
chamber of the trap. The stop density was
optimized with Ne, N 2 , and 02 gas filling by
means of a Ge semiconductor detector for

Negative pion beams produce a large neutron
induced background, because each stopped pion
produces on the average two or more fast neutrons
after being captured in a nucleus . Therefore, a
large effort has been spent to suppress the
background . by installing concrete and lead
shielding around the crystal spectrometer . The
optimization was done using the multiwire
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proportional chamber reaching a peak to
background ratio of 1 :1 for the irN(4-3) transition.
A count rate of 401hour was obtained in the
maximum of the stop distribution . With this
shielding and using the CCD as position-sensitive
detector, a peak to background of about 30 :1 was
achieved (fig . 2) .

L5

	

50
channels

Fig. 2 Position spectrum of the sum of CCD 1-4
at a target pressure of 3 bar N2 (measuring time:
6 hours, 1 channel = 225 pm or 323 meV).

A count rate of about 101hour was obtained for the
rtN(4-3) transition at 3 bar taget pressure and using
the CCD as position-sensitive detector. After a
preliminary analysis a width of the reflection of
0.7 eV (FWHM) was obtained (fig . 2) . The rate
expected for the p.0(4-3) transition is an order of
magnitude smaller . Only a few hours of running
time were available for the rayon measurement
because. of the breakdown of the production target
E, and therefore no clear signal could be observed.

The feasibility study shows that assuming
sufficient statistics of ?1000 counts both for the
myonic and the pionic transitions, an accuracy of

3ppm should be achievable for the mass ratio.
The measurements will be continued using the 5-4

transitions of pionic nitrogen and myonic oxygen.
Here, the energy splittings for the pionic and the
myopic transition due to the presence of a K
electron are 0 .5 and 1 .1 eV, respectively, and can
be resolved unambiguously with the crysatl
spectrometer.
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Candidates for Linking Transitions out of the Superdeforined Band in 144Gd

S. Utzelmann, P. Hoerries, R.M. Lieder, W. Gast, A . Georgiev, S . Lunardi ' , D . Bazzaccn, C . Rossi-Alvarez' , P . Pavan ' , G.
de Angelis ' , D . De Acuna2, M. De Poll' , G. Marone, J . Rico` , O . Stuch3 , D . Wei1 3, W. Satula4 , and R. Wyss 4

We performed three experiments at the GASP
spectromenter, Legnaro, in order to study superde-
formation in the nucleus 144 Gd. All experiments were done
with the reaction 48Ti+100Mo using as target a layer of
three self-supporting thin foils with a total thickness of 1 .1
mg/cm'. The leant was provided by the Tandem XTU
accelerator of the Laboratori Nazionali di Legnaro and the
y-rays were detected using the GASP array, an EURO-
BALL Phase I spectrometer consisting of 40 high-
efficiency anti-Compton spectrometers and an inner ball of
&0 BGO scintillators which acts as sum-energy and .y-ray
multiplicity filter. The first experiment was done at a
beam-energy of 221 MeV wheras the second and third
experiments were carried out with a beam energy of 215
MeV which led to a stronger population of i44 Gd.

Figure 1 : Sum of double gated coincidence spectra
showing the SD band in '44Gd. Gates have been
set in the cube produced from triples data on all
transitions of the band.

In all experiments events were collected when at least three
su ppressed Ge detectors and three inner ball detectors fired
in coincidence . With such conditions the event rate was

6 .5 kHz with a beam current of 4 pnA and a 10 kHz
singles rate in the Ge detectors . We sorted the calibrated
events into RADFORD y-y-y-cubes, unfolding higher fold
events into triples while setting proper gates on the BGO
multiplicity and sum-energy and the time in order to
reduce the background and to enhance the selected
reaction-channel.
Analyzing the first experiment we could observe a super-
deformed band in 144Gd which shows for the first time a
bandcrossing due to the alignment of a N = 6 proton pair

extend the[1]. In the second experiment was possiblevsS 'blei~=~ to .,
superdeformed band by at least one transition (fig . 1),
while the third experiment is currently analyzed . The pre-
dicted second bandcrossing at ha) ez 0.75 MeV which is
related to the occupation of the aligned N = 7 neutrons
could not be seen in the first and second experiments . The
third experiment with remarkable higher statistics aims to
an extension of the superdeformed band up to or even
above the predicted second bandcrossing.
A very interesting and still open question is the deexci-
tation of superdeformed states to normal deformed states .

The observed superdeformed band in 144 Gd shows the
typical feature of decreasing intensity over a very few
transitions at the low-spin end . The decay-out of the band
occurs over three transitions and starts just at the band-
crossing [1].
Several attempts to establish experimentally linking
transitions between superdeformed and normal deformed
states have been in vain . From the theoretical point of view
[2] this is explained by the very large number of possible
decay paths and therefore the extremely weak intensity of
single transitions. Utilizing the fact that a significant part
of the decay paths could go only through one intermediate
state Atac et al . [3] summed up each two gamma energies
in coincidence with the SD band in 143Eu . It was possible
to build up several two-step decay paths that fit into the
previously known level scheme.
Using the data obtained from our 48Ti('p

~,
1Vio,4n)144 Gd

experiment at GASP, we performed a similiar search.
Double gates on the members of the superdeformed band
were set and the energies of coincident gammas were
summed pairwise. About 350 million events with fold four
or higher were used for this search.
In the produced spectrum all possible peaks related to sums
of known superdeformed transition energies could be seen.
Some peaks in the region from 2 .5 to 3 .5 MeV showing a
proper width of at 9 keV as predicted for decay transitions
could be observed (fig 2).
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Figure 2 : Sumpeaks related to two-step decay transitions in
' 44 Gd. The peaks in the left part of the spectrum are
identified as sums of transitions between SD states . Three
peaks are remarkable, these are the 2945 keV, 3076 keV
and the 3316 keV peaks which show the predicted width of

is 10 keV.

It was possible to 3t eleven possible two-step transitions
into the level scheme with good accuracy. Especially three
clear peaks, including one double peak, are considered as
linking transitions . The results from the second experiment
confirm the obtained peaks and energies from the first
experiment [4].
Using this information it was possible to establish an abso-
lute energy assignment for the superdeformed band (fig . 3).
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Spins of 19, 20 or 21 / for the lowest SD level are possible
considering the selection rules assuming an P1 character
for most of the decay transitions. The assignment with a
spin of 21 h is preferred as it does not make use of
transitions from lower to higher spins . This result is in
good agreement with theoretically predicted spins [2] in
the A 140 mass region.
Since the sum peaks, representing the connecting
transitions, obtained in the first two experiments have not
a sufficient statistical significance the described search will
be repeated with the data obtained in the third experiment
of high statistics on F44 Gd.
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Figure 3 : Part of the level scheme of 144Gd [5] which [4 ]
shows the proposed connection between the SD-
band and the normal deformed states .
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Proton and Neutron Band Crossing in the Superdeformed Nucleus '45Gd

G. de Angelis, D . Bazzacco 2 , W. Gast, A . Georgiev3 , H.M. Jäger, R.M. Lieder, S . Lunardi2 , R . Menegazzo2,

G . Rossi-Alvarez2 , T . Rzaca-Urban4 , S . Utzelmann

The experimental investigations of the Z=64 isotopes
144. ' 46-

150Gd [1-7] proved the existence of one or several
suardeformed bands in each of these nuclei . For the
interpretation of the features of the superdeformed bands,
like band crossings and the identical band phenomenon, it
is important to complete the systematics and to study
suoerdeformation in 145 Gd

High-spin states in 145Gd were populated in the
1'4Cd(35 S,5n) reaction at a beam energy of 182 MeV . The
beam was delivered by the Tandem XTU accelerator of the
Legnaro National Laboratory and the y-rays were measured
with the GASP array which consists of 40 large escape-
suppressed Ge detectors and an inner ball of 80 bismuth
germanate (BGO) scintillators acting as a y-ray multipicity
and sum-energy filter. The target consisted of a self-
supporting foil of 114Cd enriched to 99 .2 % with~a wi ür r a thick-
ness

	

k-

ness of 1 .07 mg/cm2 . The recoil velocity was v/c = 2 .5 %.
Events were collected when > 3 escape-suppressed Ge
detectors and > 8 BGO scintillators detected a y-ray . The
rate of such events was - 8 kevents/s for a beam current of
3 particle-nA. In total 2 .3 Giga events have been collected.
The nucleus '45 Gd was produced the strongest through the
5ri channel . The remaining events belong mainly to the
4n( ' 46Gd), 6n(344Gd), p5n(144Eu), and a4n(142Srn)
channels.t s . i

	

5
lÄ
„ß channel1 was enhanced.lThe

lls
i4

7.1

	

in the sorting
procedure by requiring that at least 15 BGO detectors of
the inner ball fired. Furthermore, by placing an appropriate
window on the time spectrum, only prompt events have
been accepted in the sort . After unpacking 1 .3 •log three-
fold events were available for analysis in a fully symme-
trized cube.

In order to search for superdeformed bands a y-' matrix
has been produced. In this matrix strong ridges with an
energy separation of 54 keV in the energy range from si

700 to ar. 1500 keV have been found. Also a second and
third ridge could be identified . This indicates the presence
of pronounced superdeformed bands . Discrete superde-
formed transitions have been searched for in the matrix
through gating channel by char_rne1. In this way three
strong superdeformed bands have been identified. In order
to increase the selectivity the cube has been analysed sub-
sequently . One of the superdeformed bands has been
assigned to 142 Sm [8]

Figure 1 : The yrast and excited superdeformed bands in
145

Gd.
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Figure The dynamic moments of inertia as function of
the rotational frequency for the superdeformed
bands in '45 Gd.
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The other two superdeformed bands are shown in fig. 1.
They were obtained by setting double gates on the strongest
transitions of the superdeformed bands . Both bands can
clearly be assigned to 145 Gd since the strong transitions of
794 .9, 924.6 and 1552.6 keV between normal deformed
states in145 Gd [9] can clearly be seen, whereas y-transitions
belonging to the neighbouring nuclei disappear . The
strongest band, consisting of 18 members, is considered to
be the yrast superdeformed band . The weaker first excited
superdeformed band consists of I7 transitions .

The dynamic moments of inertia of the superdeformed
bands in '45Gd are plotted as function of the rotational
frequency in fig. 2 . It can be seen that the yrast superde-
formed band starts with a dynamic moment of inertia of 95

2/MeV which decreases smoothly to a value of a- 71
h 2/MeV similarly to the values observed in the neigh-

during nuclei 144,146,147,148Gd [1-4,7] outside the respective
band crossing regions . The first excited superdeformed
band, however, shows two subsequent band crossings at
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rotational frequencies of 0.4 and 0 .68 MeV, respectively.
This is the first time that two band crossings have been
observed in one superdeformed band . It should be stressed
that the pronounced low-frequency crossing is similar to
that observed at a rotational frequency of 0 .45 MeV in
14Gd whereas the second band crossing has similar
features as that found in H46Gd at 0 .65 MeV.
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Study of Superdeformation in 146 Gd

C. Schumacher ' , O . Stuch' , T. Rzaca-Urbane , P . von Brentano' , A . Dewald' , A . Georgiev, R .M. Lieder,

F . Linden 3 , J . Lisle3, 3 . Theuerkauf, W. Urban3, S . Utzelmann, D . Weißhaar '

In '46 Gd, two superdeformed bands are known [2,3], which
are amongst the weakest SD bands found in this mass
region . The earlier investigations had been performed
using mainly sum spectra with poor statistics . The aim of
the experiment we report here was to study these bands
with sufficient statistics in order to prove by means of
individual gates the mutual coincidence relations of the
band transitions and to determine the transition energies
more accurately . In addition a search for further excited
SD bands in '$ Gd was planned.
Excited states in '46 Gd were populated by the
'o2Ru( asCa,4n)' °6Gd reaction at a beam energy of 203
MeV. The beam was supplied by the tandem Van de Graaff
accelerator at the Nuclear Structure Facility, Daresbury.
The target consisted of two self supporting '02Ru foils of
about 0 .5 mg/cm2 thickness mounted with a separation of
approximately 1 mm. Gamma rays were detected with the
EUROGAM I spectrometer, comprising 45 large volume
Compton suppressed germanium detectors . In total 7 . 108
events with an unsuppressed fold > 6 were recorded.
To check the coincidence relations of the transitions and to
determine the transition energies precisely, all events with
a Ge-fold > 3 (fold > 4) were sorted into 2k x 2k matrices
for both bands with the additional condition that at least

oneone (two) of the coincident transitions belong to the SD
band.
Fig. 1 shows examples of gated spectra where in each case
the gate was set on an individual SD transition in the
single gated matrices . The background was removed by
subtracting the product of the matrix projections
normalized to the total number of counts from the raw
matrix.
These spectra show for both SD bands that the transitions
are mutually coincident and that one is really observing
single cascades . This was not clearly demonstrated up to
now especially for band 2 because of the poor statistics of
the single gated spectra obtained previously [3].
The transition energies of both bands were obtained from
the sum spectra in the double gated and single gated
matrices (see fig . 2) . Band I could be extended by the
1498 .5 keV and the 153 .6 keV transition . Band 2 was
extended by the 1582 .0 keV transition. The band crossing

in band I reported in [2] at It c0 = 0 .65 MeV can be clearly

confirmed.

Figure I : Spectra from single gates on the 983 keV and 1184 keV transitions of band 1 (upper part) and band 2 (lower
part), respectively .
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Figure 2 : Sum spectra from the 8 cleanest gates of the two jtF kl3erdefoliiled bands in 146 Gd

In order to check that the two bands really belong to 7fi6Gd
we compared single and double gated spectra as shown in
fig . 3 . In the single gated spectrum from a sum gate on
band I (two fold data, upper part) the stronger transitions
of 1A5 Gd (labeled by arrows) also appear in coincidence
with the band, while in the sum spectrum of double gated
spectra with gates on band 1 (three fold data, lower part)
only transitions from 146Gd remain in coincidence with the
band . 145Gd is the second strongest reaction channel in our
data . The gates were chooses in a way that they did not
contain any transitions from the known discrete level
schemes of 345 Gd and 146Gd. The elimination of 145 Gd by
the double gating procedure indicates that the remaining
peaks correspond to real coincidences and not to the
background structure which contains transitions from
145Gd_ An assignment to an Europium isotope can be
excluded as the small cross section for Fu nuclides in our
experiment would imply a SD-intensity of 20 % for this
reaction channel which is very unlikely . The situation for
band 2 is similar and confirms that this band also belongs
to 146Gd. From the coincidence analysis it was found that
the normal deformed 27 and 26 { levels are most strongly
populated from SD states.

To search for new superdeformed bands a grid search
method in two [4] and three dimensions was used . For the
three dimensional search events were sorted with Ge-fold >
3 into a 1k x 1k x lk cube . To remove the background, the
generalization of the Palameta-Waddington-formula [5] to
three dimensions [6] and various approximations of it were
used. In all cases the quality of the three dimensional
spectra was much better as could be easily checked by the
two known bands . All transition distances between 30 and
70 keV were examined in 2-keV steps . The only discovered
structure is a group of 9 equidistant peaks between 959 and
1369 keV with about 1/8 of the intensity of band 1 (see fig.
4) . The transitions at 1006, 1065, 1124 and 1176 keV can
be observed in individual gates and are shown in this way
to be coincident with each other. Within the errors all
energies are identical to the energies of the first band of
€4 'Gd [7], but the strongest peaks of the 147 Gd-band,
namely the 697, 745, 795, 848, and 900 keV transitions,
could not be observed. It was not possible to relate this
band unambiguously to 146Gd or 147 Gd because the
contaminants from various reactions channels are very
strong. From the intensity it can be estimated that in our
experiment the lower limit for detecting new bands is at
about 1/10 of the intensity of the first band, and the
intensity of any additional band in 3 -06 Gd should be below
that limit .
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Energy Levels in 1 6511)ß2 from GT Decay of its 166Dygi 112+ and 1112 - Parents

M. Piiparinena , P . Kleinheinz, R ColIatz, J. Styczen, K. Zuber, D . Schardtb , A . Plochockib, O . Klepperb , R . Kirchnerb ,
E . Roeckl b , G . Walter°, G. Marguierd, A . Hucke, P . Parise , C .F. Liange , J. Blomgvist t , and the ISOLDE Collaborations

In the nuclei above 146Gd the valence protons fill the
1/2 shell, and their 3-decays are dominated by

transformation of an 1111/2 valence proton to the empty
h9/2 neutron shell . This Gamow-Teller transition is the
only allowed 13-decay for the nuclei with 82 or more
neutrons . For doubly-even parent nuclei, where a paired
h11722 proton will be transformed, the decay proceeds as

( 'rh l l/2 ) 0+ -> (nh11/2 vh9/2) 1+ to essentially one single
low-lying 1 + state in the odd-odd daughter, and for an odd-
N parent, with an f7/2 spectator valence neutron, the decay
mode will be the same but now populates 3qp-states of
(vf7/2 x lß)5/2-,7/2-,9/2- character at 2 MeV excitation in
the odd-Z daughter, see Fig. 1.

The situation changes drastically for even-2 parent nuclei
with N 81, where now the odd valence neutron is either
an s i/2 or an h i 1/2 neutron hole; both states undergo Bs
decay . The dominant GT-decay is still Gehl U2 ) 0+ -'

( nh 11/2 vh9 2) 1 + , but here proceeding to the three-
nucleon configurations (

1
hi 1/2 vh9/2 vh l 112 ) 9/2-7 11/2-

,13/2- or (n1111/2 vh9/2 vsU2 ) 1/2 + ,3/2 +, both involving a
neutron excitation across N=82 and therefore are not
expected to occur below - 4 MeV excitation in the odd-Z
N=82 daughter. Moreover, the additional GT transitions

rthi1/2-4vh11/2 and res1/2-vs112 can now also contribute
to the decay, albeit with reduced strength since only a
single neutron hole is open . These transitions however
proceed to the daughter ground states where the larger
phase space will cause increased decay intensity.
Moreover, they will not give rise to y-rays in the daughter
nucleus, which makes it difficult to investigate these 13-
branches in a conventional on-line mass separator
experiment using y-spectroscopic techniques.

In the present study we have investigated the 0+-1+ GT-
decays of the two vsl/ 2 and vhi 2 isomers of 1 6bDy81,
with the principal aim to populate above-yrast states in the

one-proton nucleus 1 65Tb82 . Of particular interest here
are the level muitiplets formed by the couplings of the
147Th valence proton to the low-lying octupole- and
quadrupole vibrational excitations of the l45 Gd82 are at
1 .6 and 2 .0 MeV. These 147Th particle-phonon states
cover the spin range from 112 to 1712 . Most of them occur
more than 1 MeV above the yrast Iine, and even a
concurrent dedicated in-beam experiment at the Coulomb
barrier with 6Li beam [1] failed to populate 147 Th above-
yrast states with 1<5/2 . The levels may however be excited
in secondary y-decay following 147Dy GT decay, which
essentially can excite all spins up to 15/2.

Our original 147Dy 13-decay experiments [2j utilized HI-
compound evaporation production with 4 .5 MeV/u 5S Ni
beam on 92Mo at the GSI on-line mass separator where
standard 17- and 7X-coincidences and timed y- and p-
singles spectra were measured. Later, additional data were
obtained with the high yields of the ISOLDE and
ISOCELE II mass separators ; a miniorange electron
spectrometer, Compton-suppressed y-detectors, and a
cooled Si(Li)-detector for proton measurements were
employed in these experiments.

These data gave the decay schemes of Figs . 2 and 3 . Firm
attribution of the y-rays to the respective parent activity is
obtained from their decay characteristics. While the 1112-
decay shows the pure 56s half-life of the 147Dy M4 isomer,
a consecutive 56s-a49s decay curve identifies the
transitions following 112 + decay. Else, coincidence data
and energy relations were used to build the level schemes.

The two 147Dy decays both reveal quite sharp GT-
resonances in 147Th, which lie 2 .33 and 2 .42 MeV below
their respective vs1~2 and vhf

t/2 parent states of 147 Dy.

We note that the rrhi 1/2vh412vh /2 resonance at 4 .70
MeV excitation contains the hg/2-h r 112 neutron particle-

147 D y 81

PRGSGC5

x

14a Tb
83

149 D
Y 83

vfix0 +

7r s

	

r

149 Tb84

its %

	

nhi

1 7Tb
82

Fig . I : Schematic GT-decays of even-Z nuclei above Gd with 81 to 83 neutrons . The single-particle diagram shown to the left
includes the three GT-transitions occuring in these decays.
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Fig . 2 and 3 : Decay schemes of 147Dy 112" and 147Dy 11/2- . Proposed spin-parities and configurations are specified, where

the results of a concurrent in-beam study [11 were also considered . Total transition intensities are given,
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g

hole excitation across N=82 and thus specifies the splitting
of the neutron t'=5 spin-orbit pair except for contributions
from residual interactions.

Finally, we mention that the precise level energies of low-
spin resonance states together with the energies of the
discrete lines in the proton spectrum have determined the
ground state mass of 147Tb [3].

The figure also includes the proposed configuration

assignments for the 147 Tb levels up to 2 .35 MeV. In many
cases, angular distribution information from the in beam
study [1] was vital to assign the level spins, but several
states with I=112 and 312 could only be observed in the
present A-decay experiment. Altogether, the data from the
two experiments identified 37 of the total expected 47
states arising from octupole- and quadrupole-vibrations
built on the five low-lying single proton states in 147Th. Of
particular interest is the now completely identified rah l ,n

octupole septet where the deviations from the harmonic
energy of the individual septet members are found [1] to be
in good agreement with fundamental theoretical
predictions.
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An interesting structural aspect in one valence particle
nuclei are the energies of the levels formed by the
couplings of the valence particle to the low-lying collective
excitations in the core nucleus . In 146Gd these are the
octupole and quadrupole phonons at 1 .58 and 1 .97 MeV,
and one expects in 147Tb associated particle x phonon
multiplets built on the low-lying single proton states.

Up to now 147Th levels above 1 MeV were only
investigated in yrast experiments using compound
evaporation reactions [1,2,31, and therefore the only known
particle x phonon levels are the 1 .3 17 MeV 15/2+ and the
2 .089 MeV I7/2 + members of the 1eh1I12 x3-- octupole
septet. This septet is of particular interest but so far the
members with the spins 13/2+ and below were only
tentatively known (e.g. quoted in [4)) . Identification of
these states is difficult, since they all lie far above the yrast
line. Moreover, at nearby energies the 3 - and 2+ phonon
multiplets built on the four other single proton states
ns i/2, xd3/2, xd52 and 7sg7)2 are also expected, where
naturally for the proton hole states the 1678 keV 2f level
of 148Dy is the quadrupole phonon. This gives rise to
altogether 47 particle x phonon levels with unperturbed
energies below 2 .41 MeV. As configuration-selective
excitation of these states is excluded, reasonably relieable
configuration assignments are only possible in cases where
at Ieast level spin and parity are determined conclusively
from experiment.

Since 197'lbb is not stable, nuclear reaction studies of these
above-yrast states are essentially possible only in a light
ion induced fusion-evaporation reaction where little

angular momentum is transfered to the compound nucleus.
The lightest projectile to form 147T'o is °Li on 144S m

followed by evaporation of three neutrons. We have used
this reaction with 29 MeV beam energy, practically at the
Coulomb barrier, where the three strongest exit channels
are 145E u, 147Th and 148Tb, with relative formation cross
sections of about 3 :2 :1 . Ganuna-y coincidences were
measured with the Kölner Würfel Compton-suppressed
hexadetector array, and conversion electron data were
obtained at the Orsay tandem accelerator with the same
reaction using a magnetic electron transport lens in
combination with a Si(Li) spectrometer. These
measurements have identified 147Th levels up to 4 MeV
excitation and I=27/2. Of vital importance for
classification of the weakly-fed Iower spin states were data
from a concurrent study of 147Th populated in the l3-decay
of its two 147D

	

~-

	

t /'-'y I/2 and 11/2 -~~12 - parent activities [5f which
identified 1/2 and 3/2 states that are not accessible in
6r i,3n and confirmed many of the levels populated in
beam.

The in-beam experiment established below 4 MeV in
147Th 92 new in addition to the previously known 13
states . Many of these are also excited in 147Dy D-decay
where furthermore 20 low spin states not seen in 6 Li,3n
were observed . A more complete discussion of these 13-
decay results is given in [5,61 In the present note we only
regard the 147b particle x phonon excitations which
should all lie below .- 2.6 MeV. These results are shown in
Fig . 1, except for three states close to 2 .4 MeV firmly
assigned to 3qp configurations [61 . In the figure the levels
are grouped into columns for the specific particle-vibration
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Fig. 1 : Particle x phonon states in 147Th with transition intensities shown as observed in the ( 61 i,3n) experiment. Results
based exclusively on 13-decay data are given in italics.
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multiplets as specified above . We also note that the decay
y-rays are not shown in the figure for particle x phonon
multiplet members with low spin observed exclusively in
fl-decay [5] and for the 12 states below 2 .6 MeV which
remain unassigned .

7/44

An important result iS the clear-cut identification of the
five low-spin 'ah11/2 X3- septet members. They are
populated with at most 3 .4% of the 3n-exit channel (and
similarly per 1470y parent decay) . But nevertheless in all
cases spins and parities are conclusively determined from
the observed decay branches, the angular distributions, the
conversion coefficients for six high-energy y-transitions,
and moreover from the observation of four intra-septet g-
rays competing with high-energy dipole deexcitation . From
these results, and the observed level energies, the
configuration assignment for all seven members of this
octupole multiplet is firm, which apparently cannot
similarly be claimed for all other assignments proposed [6].

The complete 7rh11/2 x3- octupole septet is shown in the
yrast diagram of Fig. 2 . It was already noted [1] that the
large energy sluts for the 17/2+ and 15/2+ members are
caused by the exchange of the Islam valence particle with
the dominant nhl1/2ndgi2 component in the 146Gd
octupole phonon as characterised by the diagram in Fig . 2.
There, the complete septet is compared with the energy
shifts predicted for the low spin members from this
process . In agreement with theory, one notes that the shifts
of the five lower spin members from the octupole energy
are distinctly smaller than for the 1512 + and 1712+ states,
and even their energy staggering occures as expected . But
they all lie 130 to 300 keV too low. This additional shift
may partly anise from the interaction of the hi 112 valence
proton with the h it/2 proton in the phonon when they are
coupled to the lower spins 8+ , 6 + , 4 + , 2+, or 0+ .

In summary, numerous above-yrast states have been
identified in the one-proton nucleus 147Tb from (6Li,3n)-
and 13-decay experiments, and the data have largely
characterised their spins and parities . Up to 2 .6 MeV the
states are in accord with the levels expected from the
couplings of the five single-proton states of the 50 to 82
shell with the octupole and quadrupole phonons of the
core. Particle-vibration configuration assignments are

Fig . 2 : The observed rrhl ll2 x 3 n septet states (thick lines)
of 147Tb, with E* in keV, compared with energies
calculated from the exchange diagram shown in the
insert, calibrated with the measured 772 keV 17/2+
to 15/2+ separation. The fractions are the geometri-
cal factors, which specify the relative energy shift
for each spin.

proposed for most of the observed levels ; of the two lowest-
lying multiplets, rehl t/2 x3- and 7E51/2 x3- all members
are unambiguously assigned. Such data provide
fundamental information on tension-boson coupling, and
are vital input data for quantitative analysis of complex
multiparticle x phonon structures in neighbouring nuclei
as it was shown - using less firm data - e .g. for the three-
nucleon x 3 - couplings in 149Tb [ 4 ]
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Study of Band Structures in 18€°0s

S. Utzelmann, RM. Lieder, P . Hoernes, A. Georgiev, D . Bazzacco ' , R Nienegazzo l ,
C. Rossi-Atvarez' , G . de Angelis 2 , Ts. Venkova3, R. Kaczarowski 4 , T . Rzaca-Urbans

We reinvestigated 1S0Os because of the experimental evi-
dence for ridge structures [1,2] indicating the existence of a
superdeformed shape in this nucleus and the observation of
a "trumpet" ridge between 1000 and 1300 keV indicating a
strong decrease of the dynamic moment of inertia [2].
Bands in this mass region corresponding to a large
deformation were theoretically predicted a long time ago
[3-5] . The eecuranee of the trumpet ridge is related to a
change from a prolate to a strongly triaxial shape (y -90°)
[6] . Prior to this work the level scheme of 1ß00s has been
studied by Dracoulis et al. [7-10] and Lieder et al.
f 1 .11-141.

triple (Ge-Ge-Ge) and higher fold coincidence events were
collected. Different matrices were sorted : yy, y-time,
y BGO sum-energy, y- --BGO, BOO sum-energy-BOO
fold using the SOPHIE sort program [16] . In the analysis a
narrow energy dependent time gate was set on the Ge
energies and gates were put on BGO fold (2 8) and high
BGO sum-energy. A total number of I Giga triple events
were sorted into a Radford-cube and were used in the final
analysis . The relation of 1$0Os to the 381 Os and 'Os yields
was 70%, 20% and 10%, respectively.
The level scheme of 1S'Os is shown in fig . 1 . The place-
ment of the transitions and levels are based on coincidence

(-, iis
35

33 .

Figure 1 : Level scheme of 18Dos . All assignments are based on coincidence data . Uncertain placements are indicated by
dashed lines.
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The nucleus 1800s has been studied using an 36S beam of
177 MeV from the Tandem XTU accelerator of the LNL,
Legnaro . A stack of two thin targets enriched 96% '56Nd of
0 .5 mg/cm2 and 0.6 mg/cm2 thickness was used. In the
GASP (Phase I spectrometer of EUROBALL) experiment
the detector array consists of 40 Compton-suppressed
HPCe detectors and of a 4ir calorimeter composed of 80
BGO cryst=als [15] for multiplicity and sum energy se-
lection . During the beamtime of 116 hours a total of 9. 109

relationships. Spin and parity assignments to the new
levels have been obtained from directional correlation
(DCO) ratios . The assignment of the yrast-yrare bands in
''°(s differs between refs . [8] and [11,14]. The absence of
the 1240, 1050 and 1093 keV transitions favours the
assignments of [8] which we adopted in the present work.
The bands reported in [14] as (-,0) 6 and (x-,0)8 were not
confirmed . The other bands: (-,0) 1 , (-,I) l , (-,1)3, (`, 0 )2,
(-,1)s, (+,0)4, ( +, 0)n and (+,0) .2 are extended up to higher
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spins. A few remarks pertinent to each band will be given
subsequently.
The (-,0) 1 and (-,1) bands : The band head is the well
studied isomer [8,14,17] with a half-life of 26 ns . The new
transition of 185 .6 keV belonging to the (-,1) 1 sequence
was identified as a result of the analysis . In the previous
measurement [8] using i60 beam on 168Er targets, due to
the presence of strong 185 .6 keV line originating from
Coulomb excitation the placement of this transition was
hindered . Three new transitions : 812, 897, and 978 keV in
the (-,0) i band and three new lines in the (-,1) 1 band : 778,
872, and 973 keV extending the bands up to spins of 32 -
and 31 - , respectively were identified.
The (-,1) 3 , (-,0)2 and (-,1) 5 bands : The observation of the

-new 185 .6 keV transition allows to place the two new
transitions of 539.2 and 555 keV between the (-,1) 1 and
(-,1)3 bands . Four new transitions in band (-,l) 3 : 802, 885,
958, 1028 keV up to spin 33" can be seen in fig . 1 . The
very weakly populated (-,0) 2 band has been extended by
only two new transitions of 709 and 794 keV up to the spin

26" . The (-,1)5 band was extended up to spin 35" with the
five new transitions : 814, 871, 933, 995 and 1046 keV.

The positive parity bands : The ;-,0)4 band, previously
assigned [14] as (+,0)o band shows four new transitions:
821, 870, 904 and 927 keV up to the level with spin 32

+ .

New transitions belonging to band (+,0) o previously

assigned as the (+,0)4 band in ref. [14] were found. The
three new transitions: 939, 1042 and 1142 keV extend the
band to spin values of 34 + .

The (+,0) 7 band was extended with three new transitions of
799, 841 and 908 keV up to spin 28 + . The transition 1150
keV which deexcites the band to the 10 + ground state level
appears clear in the coincidence spectrum.

Band 9 : A weakly populated strongly-coupled band
starting at 3706 keV and deexciting through the 1021 and
1237 keV to the (-,0) 1 and (-,1) 1 bands, respectively, has
been found. We used the DCO ratios of the deexciting
transitions to assign the spin I of the band head . Within the
limits of our experiments t1 > 5 ns no half lines were
measured for the 1021 .5 and 1236 .8 keV transitions.

The T isomeric state at 1928 keV in '500s was assigned by

[8,11,14,17] as a state with the single configuration
(v7/2+[633] t ®v7/2-[514] ~) [8] . Taking into account the
experimental gk factors determined by the branching ratios
from the transitions between the two bands (-,0), and (-,I) 1
built on the isomer the same two-quasiparticle neutron
configuration with a two quasiproton admixture of at least
40% was assigned in ref. [14]. The moment of inertia
parameter dE(I>I-1)12 vs . the spin I gives a strong
support for the configuration assignment of the band head.
The placement of the new 185 .6 keV transition results into
a new spin assignment for the (-,0) 1 and (-,I) 1 bands . The
spin increases by one unit relative to the values in refs.
[8,14] and the signatures exchange. This fact gives an
excellent overlap with the moment of inertia vs . I plot of
the 7" band in 1'73W [18] which is definitely assigned as the
neutron configuration 712 + [633] 7I21514] . The configu-
ration of the isomer is reflected in the structure of its
rotational bands . The aligned angular momentum which is
shown in fig. 2 support the suggested neutron configura-
tion.

An Interaction strength estimation is obtained by using the
two level approximation [19] assuming that the interaction
matrix element has a linear spin dependence and mixes
only states of the same spin. A value of V = 18+0.3 keV

was obtained for the interaction strength of the 17' levels
from the experimental branching ratios for the IT level of
the (-,1) 3 band at 3982 keV. Using this value the calculated
branching ratio for the transitions deexciting the IT level
at 4032 keV of the (-,1), sequence gives k . = 555/589,i , =
0 .29 + 0 .2 which is in good agreement with the experimen-
tal branching ratios of 0 .35 + 0 .10 and 0.22 ± 0 .1 from
spectra gated on the 620.4 and 643.3 keV transitions,
respectively.

1 f3oOs

Figure 2: Plots of the experimental aligned anuglar
momenta i as function of the rotational
frequency ian . The parameters of the Harris

expansion of the reference band are O o = 24 .8

h 2gvleV and F1 91 .1 h 4/1vieV3 .

The interaction of bands and bandcrossings in 1800s has
been analysed in the framework of the cranked shell model

[20] . The aligned angular momenta i of these bands are
displayed in fig . 2 as function of the rotational frequency

n . Several band crossings can be seen. In the region

0 .26 < Ian < 0 .30 the (+,0) o bands and all side bands,
except for the (+,0) 4 and (+,0), bands display the crossings.
The rotational alignment of an 113/2 quasineutron pair is
considered to be responsible for these band crossings . The
low-frequency anomalies observed in the yrast band in
,s°Os and in several nuclei around [7,8,11,21] are
explained [6] by a transition from a partly aligned prolate
v 13,2 2 configuration to an aligned vi, 3,22 S-band at a triaxial
deformation. A similar explanation for the complex
behaviour have been proposed earlier in ref . [I I] where it
is related to the feature that, due to the large c4 deforma-
tion, a change from a Fermi alignment to rotation
alignment [22,23] occurs . A multiple alignment
mechanism or shape co-existence have been proposed in
refs . [21,24-26].
The (-,0) 2 and (-,1) 3 bands show signature splitting already
for the lowest observed frequencies (cf. fig. 2) . These se-
quences start with aligned angular momenta of 1 .8 h and
3 .6 It , respectively and acquire values of 4 .7 It and 6.7 Ii at

a rotational frequency of hw in 0 .28 MeV and 0 .26 MeV.
The features of these bands are similar to the predicted
octupole bands by Vogel et al . [27]. Negative parity bands
of vi33/20vf712 and Eh11,2®td5,2 configurations should
according to Vogel have the character of an octupole-
vibrational band at low spins with the octupole angular
momentum aligned along the axis of rotation but transform
into two-quasiparticle bands at larger rotational frequency.
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The sizeable signature splitting and the rapid alignment
are features observed also for the low-lying (+,+), and
(+,-) i bands in 181 0s [28]. It is reasonable, therefore, to
assign the lowest-lying i 13n quasineutron orbitals v(+,+)1
and v(+, -) 1 having O..' = 9/2 + at n = 0 to the bands (-,1)3
and (-,0)2 . The second ganacineutron in the configurations
may be the v(-,+) 1 orbital with Q' = 712- at ca = 0
originating from the 7/2-[514] Nilsson orbital. The
signature splitting observed between the (-,1)3 and (-,0) 2
bands can only be understand for a triaxial nuclear shape if
v(+,+),(-,+)1 and v(+,-),(-,+), configurations are assumed,
respectively.
The (-,0), and (-,1) 1 bands do not show a signature
splitting (cf. fig . 2) except for the highest levels . They were
assigned to have predominatly a singlet v7/2+[633] ® v712"
15141 configuration, with the quasineutrons v(+,±) 2 and
v(-,±)1 which originate from the i13r2 quasineutron orbital
with 0' = 7/2 + and the f7 2 quasineutron orbital with Sig =
7/2' at y = 0° and cu = 0 [8,11,14]. The crossings of the two
bands have alignment gains of 5 .5 h at frequencies of 0 .30
MeV and probably the same origin as those of the (-,0) 2
and (-,1)3 bands.
In the energy correlation matrices a ridge-structure formed
like a trumpet is observed which indicates a decrease of the
dynamic moment of inertia [2] . In fig . 2 the aligned spin
vs. the rotational frequency is shown. One can notice a
decrease of the alignment at higher frequencies which
reflects a decrease of the dynamic moment of inertia . This
behaviour of the rotational bands at high spins can explain
the observation of the "trumrp et" ridge . It is probably due to
a change from a prolate to a strongly triaxial deformation
as predicted by Wyss et al . [6].
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Discrete Spectroscopy in 14°Ais at High-Spins*

Ts . Venkova ' , G .V. Marti 2, R .M. Lieder, S . Utzelmann, W . Gast, A. Georgiev ' , D . Kutchin,

H . Schnare, K . Strähle3, J . Heese° and K .H. Maier4

High-spin states in '9DAu were populated through the
reaction '' 'the F,5n) '90Au at a beam energy of 107 MeV.
The beam was provided by the VICKSI accelerator of the
HMI, Berlin . The target consisted of a stack of two i'6Yb
foils of 500 lib/cm2 thickness placed 0 .5 mm apart. The

y-radiation was detected by the OSIRIS multidetector
array, consisting of 12 Compton-suppressed Ge detectors
and 48 BGO elements used as a sum-energy and
multiplicity filter.

190 Au

Flure 1 : Partial level scheme of '90Au

The partial level scheme resulting from the analysis of the
coincidence matrix is shown in fig. 1 . The most intense y
rays belong to the rotational band (labelled as 2) built on

the 11' oblate [v,2 ® ;h;1, 2 I isomeric state. A new

structure (labelled as 1), similar to one observed in 388 Au

[1], feeds into the I l band at spins 16 - and IT . The energy
levels grouped into band 3 of fig . 1 form a more irregular

structure based on the 15 T [ ßi1372 ® ßv2 &vj(vj = vp ,2

or vf512) ] four particle-hole state. The last previously known

transition in this band has 556 keV (from ref. [2]) . The
new Al = 2 sequence 593 and 849 keV is connected with
the sequence 556, 767 and 839 keV through the MI
transitions 528, 238, 611 and 228 keV. A weak band
labelled as 4 in fig . 1 feeds to the 19' state of band 3 . Many
y-rays have not been placed in the level scheme until now
indicating the existence of different structures deexciting
through complicated paths . Spin-parity assignments result
from the analysis of the DCO ratios of the y-transitions and
the level systematics for the neighbouring nuclei.

iNRNE, Sofia, Bulgaria
2 Lab . TANDAR, Dpto . Physica, CNEA, Argentina
3 NBI, Copenhagen, Denmark
4 Hahn-Meitner Institut für Kernforschung, Berlin
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Application Specific Integrated Circuit for Semiconductordetector Signal Processing

A. Georgiev, W . Gast, R.M. Lieder, K . Gdcidng*, H. Wolters*, Th. Rose*

Introduction
A new concept for the digital processing of signals from
high-resolution semiconductor detectors has been
introduced previously [I] . It involves the reconstruction of
the original charge distribution of the detector signal from
the preamplifier output pulses with the help of a newly
developed digital Moving Window Deconvolution (MAID)
algorithm. This concept ensures that a true ballistic
measurement of the event charge can be performed and
ballistic deficit effects are eliminated . A hardware
implementation has been used to study the basic
constraints of its technical realization [2] . A prototype of a
Pulse Processing Analog to Digital Converter (PPADC)
employing a software implementation of the algorithm on
a Motorola 96002 Digital Signal Processor (DSP) has been
developed in collaboration with industry in order to
explore the benefits of the new concept for applications in
high-resolution spectroscopy [3J. It was demonstrated that
with respect to throughput and ballistic deficit- and noise-
suppression the PPADC is able to approach the theoretical
optimum in signal processing performance.
However, for multi-detector arrays like EUROBALL not
only the performance of the signal processing channels but
also the costs, power consumption and size are important
design criteria . The EUROBALL electronics will use the
VXI standard (` yE-Bus Extentiort for Instrumentation)
since it allows to integrate analogue and digital electronics
on the same hardware platform. Eight complete high-
resolution signal processing channels including local
trigger and readout should be intgrated on one D-size V XI-
card and the power consumption should not exceed 75
Watts per card. In order to satisfy these requirements an
attempt was made to reduce the size and power
consumption of the PPADC drastically with respect to the

prototype design . It was achieved by integrating a major
part of the digital signal processing algorithm into silicon.

The ASIC functional description
An Application Specific Digital Signal Processor (ASDSP)
has been designed to perform the basic MWD algorithm.
The circuit contains three indentical deconvolution
sections, two sections for dc-stability, a digital delay-line
section, an input section for base-line compensation and an
output stage with additional oversampling (decimation)
functions (fig . 1).
Each deconvolution section consists of a 16x16 bit
multiplier, 32-bit accumulator, 32-bit 4 to I multiplexor
for resealing the accumulated result and are output 24-bit
adder . Each section receives the curr ent data from its data
input register, multiplies it by a locally stored coefficient,
accumulates the product, rescales the accumulated result by
a presetted factor and adds it to the current data . The
output result is sent to the next section via a pipeline
register.
The moving window function is provided by the digital
delay-line differentiating section, which is placed upstream
of the deconvolution stages . The section contains a 512 x
16 bit FIFO which serves as an adjustable digital delay, a
9-bit counter to preset the delay from 1 to 512 clock cycles
and a 16-bit subtractor . The section subtracts the delayed
from the current data and the result is fed to the first
deconvolution stage.
The long-term dc-stability is provided by two additional
indentical stages pl aced between the deconvolutionstages

Each stage contains a 32-bit accumulator,
resealing multiplexor, a register to save the accumulated
and resealed result and an output subtracter . The
accumulation interval is presettable up to 2 of power 24
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Figure 1 : Block diagram of the ASDSP



clock cycles . The stage accumulates all input data during
the accumulation interval, rescales the result and saves it
as a reference for the next interval . The output data of the
stage is calculated as a difference between the current data
and that reference.
The input stage consists of a 16-bit data input register, two
16-bit base-line registers and a 16-bit subtractor. The base-
line registers can be loaded with selected data from the
input data stream or through the coefficient port with a
reference value fed-back from the output of the circuit . The
output data of the stage is calculated as a difference
between the current data and the preloaded base-line value.
The output section provides oversampling (decimation) for
up to 256 clock cycles, which reduces the output rate by the
same factor and thus allows slower devices to be placed
downstream of the circuit.
The coefficient and control registers are arranged in a 32x8
bit internal memory . The access to this memory is provided
by a separate coefficient port which contains 8-bit data, 5-
bit address and Ioad enable lines . Six memory locations are
preserved as selective reset comands for the six sections of
the circuit. Two memory locations are used as a 16-bit
configuration register . Each bit of this register controls a
specified path of tale circuit . Each path can be open for
normal data flow or closed, which can be used to define the
function of each stage (normal, transparent, modified) and
thus to set-up the configuration of the whole circuit .

The ASDSP accepts 25 MSPS 16-bit data flow and
produces I6-bit output data at the same rate or 24-bit data
at the reduced rate. It performs three multiplications, six
shifts for resealing and seven aritmetic operations in one
clock cycle which is equivalent to 550 Mega-operations per
second . Several ASDSP can be placed in cascade for more
complex data processing . A sequential rounding is applied
to minimize the error accumulation . The separate
coefficient port and the individual access to each
coefficient register allows an on-Iine update of the
parameters which permits an adaptive processing.
The chip has a size of 52 sgrtnm and is placed in 84-pin
CLCC package . The power consumption is expected to be
below 1W at 25 MHz data rate . Eight power and eight
ground pins are distributed arround the package to reduce
the switching noise.
The first samples of the ASDSP chip have been already
delivered and their test is planed for the begining of 1995.

FH Münster - FB PhysikaIische Technik, D-48565
Steinfurt.
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Relevance of correlated 27-exchange in the hyperon-nucleon interaction

A. Reuben, H.--C .

	

Holinde and J . Speth

Present microscopic hyperon-nucleon (AN, EN) inter-

actions based on either meson [I . 2] or effective quark-

gluon exchange [3] contain an exchange of a fictitious
scalar meson, `e ' , with a mass of about 600 MeV, as an
important source for the required intermediate-range at-

traction . However, the interpretation of the u-exchange
process is quite different in the existing models . The Ni-

jmegen group views u-exchange as generated by gen-
uine scalar meson exchange, to which SU(3) relations

are imposed (as for the {0- } and { 1 -} meson nonets) . In

contrast, in the framework of the Bonn-Jülich potentials
[2, 4] the exchange of a sharp-mass a (me = 550MeV)
has to be thought of as a parameterization of correlated
27r-exchange in the S-wave (JP = 0+ ) channel.

The characteristic features of the a-contribution, e .g . the

relative strengths in the several baryon-baryon (NN, AN,

EN, AA, etc .) channels, are quite different in the existing

models . The ratios of a coupling constants, ge, ., /g,NN
and gag/gaNN, for instance, differ by up to a factor
of about 3 between the various models . Such variations
provide drastic changes in interactions and calculated ob-

servables . Unfortunately, none of these YN models can be

ruled out empirically since the few existing YN cross sec-
tion data (with large uncertainties) can always be reason-

ably well reproduced by adjusting open parameters . Con-
sequently we feel that the only chance to make progress
consists in providing a reliable model for a exchange . In

order to eliminate the gross uncertainty and arbit rarine ss

induced by this phenomenological parameterization, we
[5] have evaluated explicitly the correlated 27r-exchange
contribution, along the same Iines as done by our group
recently for the nucleon-nucleon (NN) system [6].
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Fig . 1 : Correlated 27exchange processes in the NN and

YN channels.

Fig. 1 shows our dynamical model for correlated 2a- ex-
change, The evaluation of the diagrams in Fig . 1 has

been done in two steps : First the NN(AA, EE) --'a tar
amplitudes have been determined in the pseudophysical

(t > 4m$) region, with N, A (A, E, Ye ) exchange, cp.

Fig. 2. Corresponding coupling constants in the transition
interaction have been taken from the Bonn NN potential

[4] and the Jill ia t1 i ! v •
..1. V IV models., [2] .

	

in"bar-'-t beNote. that this
done for the parameters of the form factors (i .e . the cutoff

masses) since the form factors now act in a quite different

kinematic regime : here, the exchange-baryon is the es-

sential off-shell particle . For the NN -a ar7r case, the pa-

rameters can be fixed independently (ANN A = 1 .9 GeV,

ANA, = 2 .1 GeV) by using quasi-empirical informa-

°Present address: Institut fir Theoretische Physik II, Ruhr-
Universität Bochum, 44780 Bochum, Germany

tion obtained by Hehler et al . [8] from analytic contin-

uation of arN (and arr) data. Since such information is

not available for the Y1' (Y = A, E) channels, we make

the reasonable assumption that A AE- = AEr = ANNC

and A A y - = Azy . R = ANA7 . The dynamical model [7]

we use for the rr -> rr%r amplitudes is likewise based
on the meson exchange framework (and therefore has a
well defined off-shell behavior) and involves the coupled
channels 'a-w, li R . Driving terms for ant -> r7r consist of

pole and exchange diagrams with f0 (14CAO), p(770) and

f2 (1274) intermediate states. The coupling 7rr -., KR is

provided by Ii * (892) exchange.
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Fig . 2: Our dynamical model for the BB

	

Irr ampli-

tudes.

Based on the BB - r-r amplitudes in the scalar-isoscalar
channel (f) a dispersion integral together with unitarity
has then been used to derive the interaction terms of Fig . 1:

o iBN(t `) e

	

(1)LBN->BN( t) "'
JJ4ml. t

	

t

In the spectral functions

P BN j(BB)f (NN)-n,B(BB)n,a(NN)(2)

the product of Born terms (see Fig . 2) has to be subtracted
in order to isolate the correlated contribution.

Fig . 3 shows the resulting spectral functions PNN, PAN,
PEN . For the NN case, there is a sizable discrepancy
compared to the quasi-empirical result [8] . However, as

demonstrated in Ref.[6], this has only a minor effect on

the actual NN potential contribution . We mention that,

in the vector-isovector t-channel (corresponding to 'p '
-exchange), our NN -> rr amplitudes [6] are in al-

most perfect agreement with the quasi-empirical result

[8] . Obviously both hyperon-nucleon spectral functions

are much smaller than the NN one . This can be traced to
differences in the ar coupling constants and isospin factors

as well as in the masses of baryons exchanged.
It is instructive to parameterize the results . in terms of

effective . e-exchange, i .e.

1 f oo PBN(t ' )
fit! = goBB(t)

	

1 goNN(t)(3)
i :J4m~ tl t

	

t

with rno = 550 Meld . Such a parameterization does
not involve any approximation since the o-coupling con-
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Fig . 3 : Spectral functions p .sN as function oft in the
pseudophysical region . The solid line denotes the
results for the NN case derived from our dynam-
ical model [6] whereas the dashed (dotted) Iine
is obtained for the AN (EN) channel . The dash-
dotted line shows the results obtained from the
quasi-empirical NN -t xx amplitudes [8].

stants are allowed to become i-dependent . Quite remark-
ably there is almost no t-dependence [5] ; obviously con-
ventional u-exchange (with independent coupling con-
stants) is indeed able to account for the actual situa-
tion provided the correct strength is used . At Z = 0,
we obtain the following ratios[5] : gaAA/gaNN = 0.33,
gaz'/gaNN = 0.28 . Therefore, the strength of the scalar-
isoscalar component arising from correlated 2w-exchange
(and by this the intermediate range attraction in the YN
channels) is much reduced compared to the NN case,
to an extent much larger than in any of the present YN
models.
Before this scalar-isoscalar 27r-exchange piece is actu-
ally put into our YN models, the role of correlated Kt?
exchange remains to be investigated : Especially for the
strange baryons the contribution of the BB' ---~ Ii K
(Born) amplitudes (cf. Fig.2) might appear to be not neg-
ligible for the calculation of spectral functions.
Furthermore, the same evaluation of correlated 2 :r-
exchange should be done for the vector-isovector (`p')
part of the BB' interaction in order to provide similar
constraints as for the scalar-isoscalar component . (Espe-
cially the tensor coupling constants of the p differ widely
in the various models). Corresponding calculations are
under way.
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The role of correlated two- pion exchange in K +N scattering

M . lloffmann, J .W. Durso*, B .C. Pearce**, K . ilolinde . and J . Speth

An important ingredient of our meson exchange
model for the K"N interaction [1] is the contribu-
tion arising from a- and p--exchange : a-exchange
provides the dominant part of the intermediate range
attraction and p-exchange determines to a large part
the isospin dependence of the interaction . Despite

their importance, however, these pieces have been
treated so far in a very rough way: In both cases a

sharp mass has been used, i .e . their appreciable decay
widths have not been taken into account . This sim-
ple model in terms of a- and p-exchange essentially
stands for the correlated 2 ;r-exchange contribution,

in the JP = 0' (a-) and J P =

	

(p-) channel.
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Fig . 1 : Effective coupling constants for the a-channel
as a function of -t . The dashed dotted line
shows the result used in the updated version
of Ref. [1] (with in, = 0 .6 GeV), the solid

(dashed) line shows the result for correlated
2n-exchange with 772, = 0.6(0 .75) GeV.

We now derive a microscopic model for correlated
27 (and KR)-exchange between kaon and nucleon,
in the scalar-isoscalar (a) and vector-isovector (p)

channel . For that reason, we have first constructed
a model for the reaction NN --a KR with intermedi-

ate 2w (KK) states, based on a transition in terms of
baryon (N, ®, A, E) exchange and a realistic wit ->
KK resp. KK -t KR amplitude [2, 3] . The contribu-

tion in the s channel is then obtained by performing
a dispersion relation over the unitarity cut:

!pl(i`)

	

I
~ ' fl ( it )
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$ r - $

	

,

with the helicity (f-) amplitudes defined in [4] . (For

convergence reasons, see Ref. [4], the dispersion rela-

tion in the a--channel has to be performed for
l00) ,

with p t being the nucleon momentum in the t chan-

nel .)

Fig . 2 : Effective coupling constants for the p--channel
as a function of 4. The dotted (double dot-

ted) line shows the result for g, (g2) used in

the updated version of Ref. [1] . The dashed
(long dashed) line shows the results for g i

( ,q2) for correlated 2r-exchange using the sec-
ond method, whereas the solid (dashed dot-
ted) line shows the results g i (g 2 ) using the

first method.

Concerning p-exchange it was pointed out in Refs.
[2, 5] that there is a considerable uncertainty in the
results . The reason is that one can perform the dis-
persion relation directly for the helicity amplitudes
or alternatively, one ([6]) can first construct combina-

tions Fi 2 (t) corresponding to vector (F 1 ) and tensor

(F2) coupling amplitudes and then perform the dis-

persion integral . Indeed, the additional t--dependence

in apart from the t- dependence provided by the
1€elicity amplitudes JU causes the results to be sub-
stantially different.

It is instructive to parametrize the result by sharp
mass a- resp . p-exchange with appropriate t-
dependent coupling constants, which can be com-
pared with those used in our former model . For

the a-channel the result (with rn = 0.6 GeV) is

shown in Fig.] together with the result of an up-

dated model of Ref. [1] (with the same value of rn .).
Obviously our model prediction for the correlated
2 .r-exchange in the scalar channel has aproximately
the same magnitude as the a-strength used before,
which was phenomenologically adjusted to empiri-
cal K+ N data . But the sizable t-dependence of our
new result demonstrates clearly that it cannot he
well approximated by sharp mass a-exchange with

m,8 = 0.6GeV. Since it grows with (-t), the con-

tribution is shorter ranged . Therefore, the effective
mass exchanged should be higher . Indeed, if we use
mg = 0.75GeV the result also shown in Fig.l will

( I )
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Fig. 3: S-- and Pe wave phase shifts for isospin O.
The dotted line shows the result for the up-
dated version of Ref. [1] . The dashed dotted
line shows the results if the dispersion integral
is performed for the F amplitudes, the solid
line, if it is performed for the f amplitudes.
The empirical data is taken from Refs . [7]

(empty circles), [8] (full circles) and [9](empty
boxes) .

have. almost not dependence.

For the p channel the results for the vector (g l ) resp.
tensor (g 2 ) coupling, based on m p = 769 MeV are
shown in Fig .2, again together with the values used
in the updated model of Ref. [1] . We can see that
there is a remarkable difference between the two al-
ternatives for doing the dispersion relation in the p-
channel . The second choice (dispersion integral over
the F amplitudes) provides larger tensor (g 2) but
smaller vector coupling (q t ) . Consequently the ratio

.q2/ gt characterizing the tensor to vector coupling ra-
tio of the (effective) p to the nucleon, 9NNpI ONNp is
much larger (ss 5) for the second method than for
the first (-, 2 .5) . In addition, the results based on
the .second choice are almost t-independent ; there-
fore, they can be well identified with an exchange
of an (effective) p meson with the empirical mass.
On the other hand, the first method yields a result
with a non negligible t-dcpendcnce, with opposite
behaviour for g t and g2i which, given the conven-
tional I,agrangians, a common p mass cannot be as-
signed to . The results differ strongly from the values
used before in our phenomenological p-exchange am-
pliticde, which were determined from SU(3) relations.
Only the ad hoc introduction of rather soft formfac-
tors into the latter amplitude (which is required to fit
the empirical K ¢ N data) brings the result in rough
agreement with those derived from our microscopic
model.

We now want to compare our correlated 2w-exchange
models with empirical data . Therefore, we have
to perform an off-shell extrapolation . In addition
we take into account short range terms (generated
partly by conventional w--exchange) and box di-
agrams involving rp- and pp-exchange developed
before . After adjusting free vertex parameters we
achieve a satisfactory description of the empirical
situation, of the same overall quality as obtained be-
fore using phenomenological sharp mass u- and p-
exchange. As an example we show in Figs .3 and 4
the results for empirical S-- and P-wave phase shifts.
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Role of Meson-Meson Correlation Effects in the NN --F par Annihilation Process

V. Mull, G . Janssen, K . Holinde, and J . Speth

Experimental results from LEAR for NN annihilation
into two mesons (for references see [1, 2]) provide clear
evidence for the dynamical suppression of transitions
which are in principle allowed by the conservation of
fundamental quantum numbers . Such dynamical selec-
tion rules yield valuable information about the transition
process and should impose in principle severe restrictions
on the theoretical description of the annihilation mech-
anism, e .g. in terms of conventional baryon exchange
or explicit quark-gluon exchange . Unfortunately, things
are very much obscured by the presence of initial (NN)
and final (meson-meson) state interactions. Although it
was often argued that the consideration of relative ratios
should minimize these effects it turned out (see e .g. [3, 4])
that there is a strong sensitivity to whether and even which
kind of initial state interaction is included . The latter does
not drop out even if ratios from the same partial wave are
considered . We will demonstrate that also, at least in
some specific channels, meson-meson correlation effects
have a considerable influence on the explanation of the
experimental data.

The most prominent example for such a dynamical se-
lection rule is the so-called "par" puzzle : Already in
the sixties, prr branching ratios in liquid hydrogen have
been determined [5], being essentially the same for all
charge combinations . The p°r° combination, being a
pure isospin-zero state, can be produced only from the
(381, I = 0) protonium state whereas the charged combi-
nations can also be generated from the (1 5° , I = 1) state.
Since all 5-states in protonium should be populated with
about the same probability the annihilation from the 1 S°
state in the pr channel is obviously strongly suppressed.
In P-waves, however, such a supression of annihilation

from I = 1 states cannot be seen in the recent results of
the ASTERIX experiment[6].

In Table 1, present empirical information about these ra-

tios is compared with theoretical results, which we ob-
tained recently [3, 4] using a model for the transition pro-
cess based on baryon (N, 6.) exchange. An initial state in-
teraction is either completely neglected (Born) or included
(A(BOX)[3], D[4]) . Both NN interactions use as elastic

Table 1 : Ratios of branching ratios "at rest" for the annihi-
lationp -i p± . The experimental values are
obtained from Ref.[6] . The theoretical values (as
relative cross sections at pia, = 100M-el/lc) are
based on a baryon-exchange transition model,
without final state interaction . The initial state
interaction is either neglected, too (Born) or
taken from model A(BOX)[3] and D [4] .

part the G-parity transformed (full) Bonn NN potential
[7] . In model A(BOX), annihilation has been accounted
for by a simple phenomenological optical potential . Tn

model D [4], the annihilation is split into two parts : pro-
cesses with two intermediate mesons (all possible combi-
nations of a-,, )7, p, w, ao, fo, a1, .~1, a2, f2, K, K * ) are de-
scribed microscopically in terms of baryon-exchange pro-
cesses . Their strength has been adjusted in a consistency
procedure to the empirical information about the annihi-
lation . The remaining part (three-meson channels etc .) is
taken into account by a phenomenological optical poten-
tial of similar form as used in model A(BOX) [3].

The results of Table I indeed confirm that there is a con-
siderable sensitivityty to wh i ch k ind of initial stateapte♦a

	

u v ala i

	

inter-
action is used . Still, for the S-state ratio, all theoretical
results quoted there are far off the experimental values.
There are numerous calculations based on alternative tran-
sition models in the literature. For example, the model
of Maruyama et al .[8] using the A2 mechanism and the
3Po vertex, achieves a value of 1 :10-18 for the 1 S°/ 3 51
ratio . Thus it appears that this quark model might be su-
perior in comparison to conventional baryon-exchange, at
least in this sector. However, this conclusion is definitely
premature, for the following reason : So far, correlation
effects in the outgoing meson-meson channel have been
neglected completely; their inclusion in the description of
the transition process might well lead to different theoret-
ical values in Table 1,

Fig . 1 : Driving terms used to construct our pr - pr
amplitude.

Recently we have constructed a dynamical model for the
pr - pr amplitude[9] based on both s- and t-channel
meson exchange diagrams, see Fig. 1, acting as driving
terms in a scattering equation. Parameters (coupling con-
stants and cutoff masses in formfactors) have been partly
taken from other investigations, partly adjusted to empir-
ical information about a l , w -~ pr decay.
First we include the par interaction (with all parameters
prefixed) in our calculation in a DWBA-type approach in
the final state only, cp . Fig. 2(a,b) . In a second step, we
perform a NN, pr coupled channels calculation ; in this
way, it is also included in the initial state, see Fig . 2(c).
In order to avoid double counting the pr channel has to
be removed from the NN annihilation part in the coupled
channels calculation. This can only be done in a well
defined way for the consistent microscopic annihilation
model D .
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( C)

N h

Fig. 2: NN - pr transition model of the present paper
including the prr interaction (a) . In the DWBA-
type approach based on the N N interaction model
D[4], processes (b) are included whereas (c) is
not . In an alternative fail coupled channels (CC)
calculation, the latter is also taken into account.

Table 2 : Branching ratios "at rest" for annihilation into
pr . The data are taken from Ref.[1] . The
first column denotes the results (relative cross
sections at Ass = 100MeV/c) based on the
baryon-exchange transition model with model D
as initial state interaction, but without final state
interaction . In the second (third) column, the
meson-meson interaction is included in a DWBA
calculation as final state interaction) or in a full
NN, pr coupled-channel (CC) calculation.

PP J' no FSI DWBA CC EXP.
p } r- -f p- 7r+ 2 .32 2 .50 2 .73 3 .4 ± 0 .2

po lro 0 .85 1 .08 1 .19 1 .4 ~ 0 .1

We start by demonstrating the effect of the pr interaction
on the branching ratios at rest for the p+ r- + p- sr¢ and
p0r° annihilation channels (Table 2) . The consideration

of the pr interaction increases both branching ratios . Its

inclusion in both the initial and final state (CC) leads to a
result in good agreement with experiment [I].
Let us now look again at the relative branching ratios
from specific NN partial wave states (cp . Table 3). The

inclusion of the meson-meson interaction changes the
1 S°/ 3 S1 ratio (corresponding to rlw quantum numbers
respectively) drastically : The change is so large that, in
a DWBA calculation, the result nearly coincides with

the empirical value; the full coupled channel calculation
(which includes the pr interaction also in the NN annihi-

lation potential, cp . Fig . 2(c)) leads to a somewhat smaller
ratio well within the experimental error bars. On the other

hand, the modification of the P-state ratios is quite small.
While the i P1 /3P1 (1' 0) ratio is in agreement with ex-
periment, annihilation from the NN(3P) state into the

pa- system with relative orbital angular momentum 1' = 2
provides the largest contribution of all P-states, whereas
in the experiment annihilation from this state appears to

be negligible. Whether an extension of our pct interaction
model or improved data can solve this problem remains

to be seen .

Table 3 : Ratios of branching ratios "at rest" for the anni-
hilation pp -y p± ir . The experimental values

are obtained from Ref.[6] . The first column de-
notes the results based on the baryon-exchange
transition model with model D as initial state
interaction, but without final state interaction.
In the second (third) column, the meson-meson
interaction is included in a DWBA calculation
(as final state interaction) or in a full NN, pr

coupled-channel (CC) calculation . 1' denotes

the orbital angular momentum of the pr system.

In any case and in more general terms, meson-meson cor-
relation effects have to be included and treat ed in a con-
sistent way before one can seriously address the question
about the relevant transition mechanism in NN annihila-
tion.
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P11-wave rN scattering and the nature of the Roper resonance

C. Schütz, K. Holinde, M .B . Johnson '1', and J . Speth

The work presented here is based on our recently
developed meson-exchange model for pion-nucleon
interaction [1] . This model accounts for the scatter -

ing data in the elastic region as well as low-energy
parameters and the trN E term.

A microscopic model of trN scattering is definitely
needed for investigating the spectrum of the nucleon
excited states . Here the essential question is whether
the experimentally observed baryon resonances re-
ally contain a genuine three-quark 'excited state'
contribution or whether they can be understood
purely in terms of the underlying meson-baryon dy-
namics. In this report, we address the Roper reso-
nance, i .e . the first excited state with the quantun
numbers of the nucleon.
The Pli partial wave is one of the most interesting
partial waves in irN scattering . It is a challenge for
models of 7rN interaction to describe quantitatively
the repulsion at low energies followed by the attrac-
tion leading to the Roper resonance at higher ener-
gies . Within the model presented here, the rise of the
Pll phase shift in the elastic region of the interaction
can be reproduced without any contribution from a
genuine N* particle . In Fig . 1 (a) we have plotted the

on-shell potential (i .e . the Born term) in this partial
wave split into its pole part, which is generated by
the direct nucleon pole, and and the non-pole part.
This non-pole part of the interaction is dominated
by correlated 21r exchange in the p channel . Whereas
the pole part of the potential is repulsive the non-
pole part is attractive over the whole energy range
investigated here. This attraction is so strong that
the iteration of the non-pole part of the potential
even leads to resonant behavior in this partial wave
at relatively low energies (n~ 1 .3 GeV, cf. Fig . 1 (b)).
If this attraction is counterbalanced by the direct
nucleon pole contribution the data (in the elastic re-
gion) can be described quantitatively.

Figure 2 : Additional contributions to our interaction
model .
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Figure 1 : (a) On-shell potentials in the Pi i partial
wave as function of the c .m.s . energy. The dashed line
arises from the direct nucleon pole; the dash-dotted
line belongs to the non-pole part of the potential;
the solid line gives the total potential . (b) Resulting
phase shifts after iteration of the corresponding con-
tributions to the potential . Empirical data points are
taken from Ref. [2] .
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Figure 3 : The 7rN - eyN coupled channel calculation
(solid Iines) compared to the one-channel calculation
(dashed lines) . Squares (triangles) denote the empir-
ical information from Ref. [5] (Ref. [2]).

For energies above 1 .3 GeV, pion-nucleon interac-
tion gets inelastic . According to the 'Review of Par-
ticle Properties' [3], the branching ratio of the Roper
resonance into the ;rrrN channel is 30-40% . Here
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the dominant contributions are the rA channel (20-
30%) and the rN channel (5-15%), where o denotes
an isoscalar 7r ;r S-wave state.
As a first step, we have investigated the coupled
channel system rN - oN, where in our model the
additional contributions shown in Fig . 2 are taken
into account.
The (effective) BNN coupling is taken from Ref. [4].
Self-energy contributions of the e are implemented
in our calculation . As one can see from Fig . 3, inclu-
sion of these additional processes leads to a resonant
behavior in the Pl 1 partial wave. However, not sur-
prisingly, the model accounts only for part of the
inelasticity. Here the additional effect of the reaction
channel rA remains to be investigated.
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On the structure of the scalar mesons fo(975) and ao(980)

G . Janssen, B . C. Pearce°, K . Holinde, and J . Speth

With increasing experimental information about the
different members of the meson spectrum it becomes
more and more important to develop a consistent un-
derstanding of the observed mesons from a theoreti-
cal point of view . For the low lying pseudoscalar, vec-
tor and tensor mesons this has been done quite suc-
cessfully within the framework of the simple quark
model assuming the mesons to be quark-antiquark
(qg) states grouped together into nonets . For the
scalar mesons, however, several questions still remain
to be answered, most of them being related to the na-
ture of the experimentally observed mesons fo(975)
and ao(980).

In a long standing controversial discussion the
fo(975) has been described as, for example, a con-
ventional qg meson [1], a KK molecule [2] or a mul-
tiquark state [3] . In order to discriminate between
different models Morgan and Pennington [4, 5] re-
cently investigated new data on the decay j/0 --+
nx7r/KKK [6, 7] concluding that a conventional
Breit-Wigner (i .e . qg) structure is most probable for
the fo(975) . They claim that the ;rrr/KIi amplitude
is characterized by two poles near the KK threshold
on the [bt] (second) and [bb] (third) sheet (see Ref.
[8] for sheet structure and notation) . In the Jülich
model of the srto [9] the fo(975) appears
to be a pure KK bound state generated dynamically
by vector-meson exchange . Such a state has only
one nearby pole on the [bt] sheet, a structure seem-
ingly disfavored by the results of Ref. [4] . We have
therefore fitted this data with the tt /KIi amplitude
resulting from our meson-exchange model and ob-
tained a description comparable in quality with those
of the alternative models discussed above . From this
result, which is shown in Fig . 1, a KK bound state
structure for the fo is definitely not disfavored.

What turns out to be quite different in our analysis
is the rather large mass (interpreted as the pole po-
sition) of the fo(975) (m10 = 1015 MeV, I' fo = 30
MeV) which is a consequence of its KK bound state
nature in combination with a rather strong coupling
between wir and KK channels . While there has been
considerable discussion in the literature concerning
the width of the fo(975)[5, 10, 11], there seems to be
a consensus that the mass lies between 0 .97 and 1.0
GeV. Interestingly, our value for the mass is some-
what larger than this due to the strong influence of
the KK threshold.

Closely related to the fo(975) is the ao(980) which
is observed in the a-71 channel . As with the fo(975),
the nature of the ao(980) is still under discussion, es-
pecially since the available experimental information
about r, rj scattering is rather poor compared to iii
scattering [12] . In Ref. [2] the fo(975) and ao(980)
emerge from a non-relativistic quark model calcula-
tion to be degenerate K K bound states . However,

1000

	

1100
MKK IMeVJ

Fig . 1 . Fit to J/ O - Our/¢KK data . The upper panel
shows the fit to data of Ref. [7] and the lower panel to
Ref. [6].

while the Jülich model of the wir interaction leads to
a KK bound state structure for the fß(975) the situ-
ation turns out to be rather different for the ao(980).
The KK interaction generated by vector-meson ex-
change, which for isospin I = 0 is strong enough to
generate a bound state, is much weaker for I = 1
making a degeneracy of ao(980) and fß(975) impos-
sible.

It is therefore one aim of our work to address
the question of whether the close relation between
(1 0 (980) and fo(975) expressed by their similar prop-
erties (masses, proximity to KK threshold, etc .)
can be understood in the framework of our meson-
exchange model . By extending the w it model con-
sistently to the rrj system we find that this is in-
deed possible . We obtain a model where both the
ao(980) and fo(975) originate from the coupling to
the KK channel . However, the underlying structure
turns out to be quite different . In contrast to the
fo(975), the ao(980) would not appear to be a KK
bound state but a dynamically generated threshold
effect with a relatively broad pole on the [bt] sheet.
We find poles responsible for the observed ao(980)
and fo(975) at complex energies (R.eE, IrnE)
(991, ±101) MeV and (1015, ±15) MeV respectively.
Despite such different pole positions, the observed
position and width of the structure in the cross sec-
tions turn out to be rather similar . This is directly

a'v-,., cnn~

eoo iooo
M a [MeVj
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attributable to the proximity of the KK threshold at
991 MeV. Fig . 2 shows our result for the rr~ cross sec-
tion leading to ma. ^ 990 MeV and F a ° ^100 MeV,
in reasonable agreement with experimental results
[12] .
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Fig . 1 . The rn cross section for our full model.
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V. Mull, K. Holinde and J. Speth

Experimental results on antinucleon-nucleon (NN) an-
nihilation reactions of the type NN - vX from the
ASTERIX collaboration [1] have provided evidence for a
new state AX, with a mass M = 1565 ± 10MeV, width
i = 170 t 20MeV and quantum numbers JPC (IG) =
2++ (0¢) . Based on a detailed analysis including not
only mass and width but also production rates and decay
branching ratios, Dover, Gutsche and Faessler [2] have
made the case that this new state should be interpreted
as a quasinuclear NN bound state. However, as stressed
by the authors themselves, their arguments rely heavily
on the existence of two further quasinuclear states with
JPC(IG ) = 1-- (0- ) at about 1250MeV and 0++ (0+)
at 1100MeV; in fact, they propose key experiments to
provide conclusive evidence above the sparse hints in the
present data.

The purpose of this work is twofold : First, we provide
further support for the interpretation of the AX as a quas-
inuclear bound stale . Second, we show that the arguments
of Ref_[2] are too restrictive ; namely, it is demonstrated
that this interpretation does not unambigously require the
existence of the additional states mentioned above.

As discussed in Refs .[2, 3] the above mentioned states
0++ , 1 -- and 2++ should be considered as members
of an I = 0 rotational band, which is generated by the
coherent action of attractive tensor forces in the NN in-
teraction. This spectrum is therefore realized if the tensor
forces are the by far dominant components in the elastic
NN interaction compared to other possible contributions
(of central, spin-spin and spin-orbit type) . Indeed, this
seems to be the case for the Dover-Richard potential, c .p.
Refs . [2, 3], based on the Paris potential [4] . In this
model, the inner part of the elastic interaction is cut off
at a distance ra (chosen in Ref. [2] to be about 0 .8 f rn in
order to bring the predicted 2 ++ (0+) state at the experi-
mental AX position) and set to a constant value.

However, (as we will demonstrate below) the character-
istics of the spectrum is completely changed if the Bonn
NN potential is used as starting point and the inner region
of the elastic interaction is treated differently.

The following calculations are based on an elastic NN
interaction (Vet ) taken to be the G-parity transform of the
full Bonn NN potential [5] . Note that Vet is completely
prescribed in terms of meson exchanges since we do not
introduce an additional cutoff on top of the form factors
fixed already in the NN system.

The NN bound state spectrum (for states with M >
0.5Ge1,) calculated from Vet by the solution of a bound-
state equation is shown in figure 1 in the conventional
notation (21+1)(23+1)LJ ; numerical values are given in
Table 1 . Quite interestingly, without any adjustments of
parameters the model predicts a bound state in the 13 PF2
state at 1564Me V, i .e . just at the position of the empirical
AX(1565) with the same quantum numbers, and thus
supports the interpretation of the AX as quasibound state.
The empirical width of this state, however, can not be
described in the present study, because we do not consider

TableTable 1 : NN Bound states predicted by the elastic NN
interaction Vet derived from the full Bonn NN
potential . In the upper half, the isospin I = 0
states are given, in the lower part the ones for
isospin I = 1.

pp-state M [MeV/gj

the annihilation part of the NN interaction.

On the other hand, our model does obviously not result
in the rotational band structure 3 Po(0++), 3SD I (1 -- ),
3PF2 (2 '+) for the I = 0 states, suggested in Ref. [2] . In
our case, the 3SDI state lies lowest and additional spin
singlet states ('So,'P1 ) appear. Therefore, in our model
the I = 0 tensor forces are not so dominant as anticipated
by Dover et al . We have quite naturally a central part due
to 2ir- and w-excha=nge acting strongly in the inner region
of the NN interaction . Only if we arbitrarily cut off
the inner part of our interaction and furthermore use only
it and p exchange (which generate predominantly tensor
forces), we obtain a similar rotational band structure as
suggested in Ref. [2].

Thus, our main point is the following: In case future ex-
perimental results cannot confirm the candidate members
of the I = 0 rotational band at the positions discussed
in Ref. [2] to be NN bound states, the interpretation of
the AX(1565) as a quasinuclear bound state is not nec-
essarily riled out . Anyway, apart from the elastic NN
interaction Vet, annihilation is important in the NN sys-
tem: processes like NN -> MI M2 or NN - M I M2 M3
contribute to the NN interaction . Although their main
effect is to provide hadronic widths to the NN states,
second interations of these processes will lead to an addi-
tional real part of the NN interaction which then might
came state dependent shifts of masses of the bound states,
depending on the particular annihilation model.

lip,
13po
13 pfl

13pF2

31 pi
33p

1
33 pß

33pF2

11 So

	

1380
13 SD 1

	

1847
13 SD 1

	

1754
13 SD 1 829

1461
1854
1026
1564

"So

	

1844
"So

	

1002
33SD I

	

1875
33SD I 1307

1683
1518
1664
1825

- 140-40 -



Fig. 1 :, Bound states resulting from the elastic NN in-
teraction Vi derived from the full Bonn NN po-
tential (solid) in comparison to the results of the
Dover-Richard (DR) potential [2] (dotted) . The
I = 0 (I = 1) states are shown on the left (right)
side.
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Soliton dynamics in the Skyrme model

T. Waindzoch and J . Wambach

Due to increasing computational efforts the descrip-
tion of the nucleon-nucleon interaction within the
Skyrrne model has been improved tremendously over
the past years [1] . Multi-soliton configurations pro-
vide a semiclassical picture for interacting nucleons
and leads e .g . to a quite successful description of the
long range part of the N-N potential [2] . This will
increase our knowleadge of the structure of the non-
perturbative regime of QCD since the Skyrme model
is to be expected to be the approximate large N,
expansion model of the strong interaction at low en-
ergies [3].

Most of the recent results were based on static nu-
merical calculations . However, only a time depen-
dent analysis of the Skyrme model can give us infor-
mations about the hidden dynamics of two solitons.
Here the tools are again numerical lattice methods
which are able to tackle the highly nonlinear process
of interaction between solitons.

To perform these lattice calculations, the Skyrme La-
grangian is ususally written in the form

z
= f2(au¢ts)2

4ez
(auO.) 2 (aU0ß) 2

1
+ r#ez (auOaaucß) 2 + fz(04 - 1)

where elt a (a = 1,4) is the nonlinear pionfield con-
straint to the chiral circle (0~ = 1) . The parameters
of the model are the pion decay constant h., the
Skyrrne parameter e s and the pion mass m, . The
Ruler-Lagrange equations of the fields are calculated
to

atWa = M,,-,ß
«ß

Öt 7C° = a5(CaJ3pi0 j3 )

where rr a is the canonical field momentum to Oa .
Maß and C,aß are functions of the fields and their
derivatives [1] . These nonlinear,coupled partial dif-

ferential equations can be solved on a space-time lat-
tice via a finite difference method . The necessary ini-
tial and boundary conditions for these equations are
defined by the physical process one wants to analyse.

The description of the real particles like the nucle-
ons follows from a semiclassical quantization method
[4 . A first step in this procedure is to obtain all the
different configurations for the zero and nearly zero
modes of a chosen soliton sector . These configura-
tions serve later on as background fields in the quan-
tization process . For the two soliton sector of our
model, energy and symmetry considerations lead to
12 different zero and nearly modes of the solitonic
field [1] . Neglecting here the zero modes (they are
related to symmetric field configurations and have to
be discussed separatly), one ends up with 5 relativ

degrees of freedom . They are the 3 spatial coordi-
nates R = R(r, 6,0) for the separation axis and the
2 isospatial coordinates C = C(a, 0) for rotations of
the solitons relative to each other in isospin space.
A transformation of these coordinates into time de-
pendent quantities results in the classical collective
coordinate Hamiltonian

1
He = 2Ms + 2QkMk1Qt + V(Q)

which can be quantized by using the canonical com-
mutator relations between the collective coordinates
and their momenta . Here Ms is the classical mass
of one soliton Q k = (R, C) are the collective coordi-
nates, Mkt is the metric or mass tensor of the system
and V(Q) is the classical potential energy of two in-
teracting solitons . This is the model Hamiltonian one
has to study to get informations about the nucleons
and their interactions.

All the relevant terms in the Hamiltonian H~ are
functions of the soliton fields Os, . = o .(Q) . The
main work is to determine the corresponding fields
to all possible configurations Q and to calculate si-
multanously the masses and energie in equation (4).
The separation R we fix on the lattice as the mean
baryonic rms radius while for the relative isospin ori-
entation C of the system we use a special symmetry
relation between the two solitons [I].

Fig . 1 . Contourplot of the baryon number density for
different time steps . The arrows are the isospin vectors
at the chosen baryon number density.

To obtain a complete set of configurations [5] we start
from the excited baryon number B=2 Hedgehog so-
lution where we had calculated all its unstable modes
previously [6] . Evolving this system in time we see a
splitting of the Hedgehog to a lower potential energy
configuration (Fig . 1) . The B=2 soliton is moving in
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[9]

the internal collective coordinate space and starts to
split and spin in isospin space.

Unfortunately, due to the large initial energy, our
numerical method is not capable to handle the high
velocity rotations of the isospin which occur at some
spatial points during the fission of the Hedgehog . Af-
ter reaching a maximal kinetic energy the total en-
ergy on the lattice starts to increase in a few time
steps dramatically and the procedure becomes nu-
merical instable . We have tried a set of numerical
methods but the evolution of the soliton configu-
ration still broke down at the same critical point.
This might be related to the problems considered
in [7] .The equation of motion for the Skyrme model
could run from a stable hyperbolic into a unstable
non-hyperbolic partial differential equation for large
kinetic energies . We will investigate this problem fur-
ther . At this point our suggestion is to use an ad-
ditional viscosity term in the equation of motion.
This term will damp the small amplitude fluctua-
tions of the field configurations which are responsi-
ble for these instabilities . Since this results also in a
decrease of the total energy one has to turn off the
damping terms after the critical point.

Fig . 2 . Cut in the baryon number density along the sep-

aration axis for different time steps t

Introducing viscosity allows to determine of the col-
lective coordinates as functions in time . rAiddition-uu~ui

ally, one can consider the baryon number density as
in Fig . 2 . It seems that not only the mentioned col-
lective coordinates are important for the evolution
of the solitonic field . From timestep 400 to 600 in
the figure above the individual solitons experience a
strong compression mode and will therefore start to
vibrate. This has been seen before in soliton scat-
tering calculations [8] and is due to the fact that
the shape defining potential of the soliton is rather
weak . We expect even stronger excitation of this vi-
brational modes when the paths the solitons take
are in the vicinity of the toroidal solution . There the
solitons merge into a axial symmetric configuration.
When returning into individual solitons they will be
very excited, too [9] .

Determination of the metric Mki in terms of the col-
lective coordinates R and C is therefore a difficult
task since we have to introduce more degrees of free-
dom to describe the complete motion of the solitons
on the lattice . This will increase our numerical ex-
pense, but we hope to control this problem in the fu-
ture and to gain an improved picture of the nucleon-
nucleon interaction in the Skyrme model.
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Thermal Properties of a Hot Pion Gas beyond the quasiparticle Approximation

R. Rapp' and J . Wambach°

It is anticipated that future experiments at the
Brookhaven Relativistic Heavy Ion Collider (RHIC)
will create a highly excited, but nearly baryon-free
central zone. At later stages of the collision this zone
will contain a dense meson gas, primarily consist-
ing of pions with temperatures of the order of the
pion mass . The equation of state and the transport
properties of the pion gas are therefore of great cur-
rent interest [1, 2, 3, 4] . However, when calculating
thermal properties of an interacting pion gas it has
been noticed [5] that the commonly employed quasi-
particle approximation (QPA) becomes unreliable for
temperatures above T 150 MeV, i .e . in the vicinity
of T, the chiral restoration temperature.
Within the Matsubara formalism we derive exact,
off-shell expressions for the pion selfenergy and the
uncorrelated two-pion propagator . The latter enters
the scattering equation describing the rr7r interaction
in the meson exchange picture [6, 7]

, - V7C? +V4., G,, MAR ,

	

(1)

where M,,r denotes the invariant scattering ampli-
tude.
At moderate gas densities it is sufficient to treat
medium modifications at the one- and two-body
level rendering a Brueckner-type description . Leav-
ing the pseudopotentials V r - temperature indepen-
dent, which should be a good approximation for tem-
peratures well below the masses of the exchanged
mesons, the temperature dependence of 1 '~ T is solely
inducded by the thermal two-pion propagator, G.
In terms of the thermal single-pion propagator,
D." it can be evaluated by means of a Matsubara
sum [8, 9]:

G (),, r~l, k2) -

T

	

D,,-(z,,, .kl) D,~(fl - z ,,, k2)

	

(2)

with discrete frequencies

z,, = iwv, CIA = iw ,, co, = 27r0' ,

v, A integer .

	

(3)

Using standard techniques of analytical continuation
one finds two contributions to the imaginary part of
GT., :

ImG .1,7z'•(E+ , k) =

	

&.0

- Jo
x ImD,r (w+, k) Im1?, (E - w_, k)

x [ 1 + fF(w) + f(E - w )]

IY7LGT'g(E+,1c) = -

(4)

where w± = w ± ii1 etc . and f'° (w) _ (exp[w/T] -
1) -1. In the zero-temperature limit contribution A
reproduces the imaginary part of the vacuum two-
pion propagator, whereas B vanishes . The latter
arises solely from thermal excitations . The real part
of G,r is calculated via a dispersion integral [10]:

ReG x(E, k) =

_,T)
7

dE' 2 Ima~z (E, k)

	

( 5 )7r

	

E2_E,2

0

In a second step we evaluate the pion selfenergy, E,,
which enters the single-pion propagator

D,(w+, k) =

(6)(w+ )2 --- 'rt e _ k 2 - E ,r( w +, k )
At the two-body level E,r is expressed in terms of the
forward scattering amplitude as

sp
E ,r(zV, k ) = -

	

(21r)31

	

X

Ms. (zt, -f- z„ ' 1- 7

	

.

	

(7 )

Using the spectral representations of 1VfxT and D,
one arrives at [11]

f d3i dE' dw 1
ET (w+, k)

	

(270 3 3r rr

x I mDx (w 'f , I m ,r ;r (E'+ , k, p,)

X	 ( w' )	 f7r(E')

	

( 8 )w+ -f W ' - E

For numerical evaluation of eq . (8) we transform the
M,,-amplitude into the two-pion CMS identifying
E2s= (ws42)' ) 2 -

^

(k+15) 2 :

	w',k,-mx,(, , q , q)

	

( 9 )

with q = q(rw, w', k, p, cos G) being the CMS momen-
tum of both in- and outgoing pions. For ImMR ;r we
take into account all partial waves up to J = 2 and all
isospins . The real part of E,r is calculated by means
of a dispersion relation including a subtraction at

=0:

ReEn(w, k) =

r clw '2 ImE,r(w~,k) 2-P	 	 2	
? '~ V

	

It

	

;v - ~'

	

w r2

The subtraction is dictated by the fact that
ReE,r (w, k)-+0 for w-40. Eqs . (1),(4),(5),(8) and (10)
form the selfconsistent set of equations which is
solved by numerical iteration.
The results for the imaginary part of the 7rir M-

amplitude are displayed in Fig . 1 . With increasing
temperature we find in the ex-channel (JI=00) a con-
siderable enhancement over the vacuum curve for

f" 2dw

Jz
xlmD,r (w+ , k) ImD~ (w+ - E, k)

x[f"(w - E) - f'(w)],

1

(10)
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e .g . serve as an input for transport models simulat-
ing the time evolution of ultrarelativistic heavy-ion
collisons [13] near freeze-out.
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Temperature Dependence of the Chiral Condensate
from an Interacting Pion Gas

G . Bunatian* and J . Wambach

The aim of relativistic heavy-ion collisions with cm-
energies Ec„a > 20 GeV/A is to create a quark-gluon
plasma at early stages of the collision . It is predicted
that the formation of the plasma is accompagnied
by a chiral restoration transition which, for two light
flavors, is most likely second order [1] . To obtain an
expression for the chiral condensate ratio (qq)T /(qq)o
in terms of pionic degrees of freedom we can use the
fact that, according to the Reymann-Hellmann the-
orem, (qq) T is related to the derivative of the free-
energy density (the thermodynamic potenial) 9(T)
with respect to the bare quark mass m as

(qq)T = 89(T)/am .

	

(1)

Denoting the difference in free energy density as
9(T) = S2(T) - 52(0) and using the Gell-Mann Oakes
Renner relation [2]

m f7 _ -m&52(0)/am (2)

one immediately derives that
(qq) T -

	

1 afl(T)

(qq )o R. am? (3)

This expression is identical to that of ref . [3] if one
ignores correction to Jr?, and rn of order m.
In ref. [3] chiral perturbation theory, including three
loops, has been used to evaluate 9(T) . As the au-
thors point this is equivalent to a virial expansion in
powers of T up to power T8. We persue a different
route by calculating S2(T) from a non-pertubative
method, well-known for phonon-phonon interactions
in condensed matter physics [4, 5] . While less system-
atic from the point of view of a gradient expansion of
the effective QCD Lagrangian it has the advantage
of treating the vicinity of the phase transition more
properly.

For the evaluation of the free energy 9(T) we start
from well-known expression for interacting boson
systems at finite temperature [4, 5] . In terms of the
pion . Green's function [6]

D(e, k, T) _ (Sr2 - m22 - k2 H(e, k, T)) - ( 4 )
the thermodynamic potential is given by

52(T) = 52'(T) - 2 (
die  3 j de

Im{ln[-D-i (e, k , T)]

	

( 5 )

+D(e, k , T)H (e,
k,T )}

where Q'(T) is the sum of all contributions from
'skeleton diagrams ' representing the perturbation ex-
pansion of Q . These are evaluated by using full single-
particle Green's functions rather than bare ones . Fur-
thermore

6Q/5I1 = 0

	

(6)

and

552'/SD = II

(see refs .[4, 5, 6]) . Since the physical pion mass enters
the propagator D, the self energy II(e, k, T) is the
difference

II(e, k, T) = fi(e, k, T) - (e, k, 0),

	

(8 )

whereby the infinite contributions to the mass op-
erator II(e, k, 0) due to vaccum fluctuations are re-
moved from Ti(t T) . Consequently also 9(T) is a
finite difference 52(T) = Q(T) -9(0) and no cut-off 's
are needed.
The key quantity in eq . (5) is the self energy IT . To
calculate it we use the Weinberg Lagrangian [7] . To
lowest order in the coupling constant 1/b- it takes
the form

=C°+ .C'

G° = 2a~~aPßr+ Lsr 2 rn2

,C' = a(-au ~au r + 2 2 m2 )a 2

where .A = f; 2/4 (f„ = 93 MeV) . Here ,C° is free
pion Lagrangian and .C' denotes the rr- interac-
tion. The second term in .C', which violates chiral
symmetry for physical pions, is introduced according
to ref . [8] . The Weinberg Lagrangian reproduces the
current algebra results for the rr scattering lengthts,
and has been successful in describing low-energy rir
scattering [9] . The interaction Lagrangian .C' is ir-
reducible and describes a point-like pion-pion inter-
action. Hence, by definition, it suffers no medium
modification.

Given eq . (8), the pion self energy H contains single
pion and three-pion. . contributions

fl (e, k, T) =

	

+ I-I (e, k, T)3 x (10)

Because of eq . (8), the difference l(e, k, T) only in=
eludes intermediate virtual states with energies E
T. Because of resonances, the three-pion contribution
should reduce to diagrams involving heavy mesons in
the intermediate states . Since their masses are larger
than the temperature range of interest we only in-
clude the first part of eq . (10) which is equivalent to
the Hartree approximation . In this case, the quantity
H(e, k, T) takes the form, see ref .[10]

,k, T) _-10dam2 +6dA(w 2 -k2)
+6dArn 27, (II)

and pion propagator is given by

D(w,k,T) = 7(w2 - k 2 -

	

(12)

(7 )

(9)



It contains a temperature dependent effective mass

1 - lOAd(T) 2
m

;
_

1 - 12Ad(T)

and a residue y = (1-6Ad(T))-1 . The quantity d(T)
is determined by [10]

1 [°° dkk2	 x(w k) 	d(T)
= 2sr- 2 o

	

w k 1 - 6Ad(T)

x(wk) _ [exP(wk/T) - 11 -1

	

(14)

with

(13)

	

wk = 2 , m, ;

	

(15 )

It should be noted that, for any temperature, d(T)
never reaches the value 1/12A.
In the Hartree approximation, Q' takes the form

3A

	

die

	

dp

(2e°°i

	

) 3

	

(21) 3

~ x(e)ImD(e, k , T )

f
chi

x(rl) IrnD ( s1, p , T)
ee

(-10m2 + 6(e2 - k 2 ) + 6(77 2 - p2))

	

(16)

The expressions in eq . (5), eqs . (11-15) and eq . (16)
determine SI(T) in the Hartree approximation and
can be used to find the chiral condensate ratio via
eq . (3).
The thermodynamic potential SI depends on the free
pion mass m fi , both, explicitly and through the self
energy H. Due to the stationarity condition (7) the
mr-dependence of II does not influence the calcula-
tion of OS-2/am ; and we obtain

c3S2 _

	

3 [dk
örnÄ

	

2 j (2sr)3

,r
x(e)ImD(e, k, T )

Jean
30A

	

dk

	

dp
4

j

(21)3 J ( 2rr )s

dt;

sr

	

J x(e)ImD(e, k , T)

}}lam i)
x( 71)ImD ( 77, p, T)

-ea

which can be expressed in terms of d(T) as

~m = 2 d(T) -
34A d2 (T) .

	

(18)

where d(T) is the solution of the integral equation
(14) . The result is displayed in fig . I.
As expected, one observes a decrease of (qq)r/(qq)
with temperature which, for the physical values of
mT MeV and A, reaches, however, a constant asymp-
totic value of ee 0 .7 at high temperature . This is
easily understood from eq . (18), recalling the be-
haviour of the quantity d(T) for T -> oo, as men-
tioned above . Our result is quite different from the

Fig . 1 : Temperature dependence of the chiral conden-
state from an interacting pion gas . The full lines denote
the results with A = f;2 /4 both for the physical pion
mass and in the chiral limit . The dashed lines give the
corresponding results with A/4.

chiral perturbation theory [3] . In that work the con-
densate ratio monotonically drops with temperature.
One should recall here that our calculations are car-
ried out in the Hartree approximation summing a
selected, but infinite, number of loops . In such a self-
consistent scheme the strong pion-pion interaction
first enhances öf/äm', with T growth, but then it
prevents a further increase due to non-linearities.
To demonstrate the non-perturbative effects we have
repeated the calculation artificially increasing j'', ; by
a factor of two, i.e . reducing the coupling constant by
a factor of 4 . In this case perturbation theory should
be more appropriate . One finds that, for low values of
T the reduction, is the same as with the full coupling,
but then continues to higher T. Perhaps accidentally
these results are very close to those of ref . [3].
True chiral restoration only takes place in the chi-
ral limit m h -t O. We have studied this limit as well
and the result is also shown in Fig . 1 . . In this case
the temperature-dependent effective mass m, (T) re-
mains zero and the pion propagator becomes

Do=y(w
2
-k2 )-i .

with the residue 7 being of the same form as for en ; 0
0. The solution for d(T) in eq . (14) now reduces to
the very simple form

i(T) =

	

k2dkx(wk) w° = k .

	

(20)
Jo

	

2x2wk

	

y

One concludes immediately that, for temperatures
where j(T) > 1/24A there no longer exists a real
solution for do(T), i .e . the residue y becomes imag-
inary . Physically this means that, above the criti-
cal temperature, T1-, where j(TT ) = 1/24 no stable
single-pion states exist . This we interprete as the sig-
nature of the chiral phase transition . At this point
the chiral condensate remains finite, however, due

(17)

(19)

1--24Aj(T)
,do(T) =

	

12A
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to non-pertubative effects . Reducing the coupling
strength to a/4 (dashed line) the condensate drops
to zero again.
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In-Medium ir - it Correlations:
To condense or not to condense

Z . Aouissat (1) , R. Rapp ( 2) , G . Chanfray (3) , P. Schuck(i) and J . Wambach (2)

It is believed that the exchange of two correlated pi-
ons with the quantum numbers I=J=O (the "sigma-
meson channel " ) accounts for the major part of the
nuclear attraction . Two-pion exchange thus consti-
tutes a crucial ingredient for nuclear saturation. On
the other hand we know from pion-nucleus scattering
phenomenology that pions are strongly renormalized
through A-hole (®- h) and nucleon-hole (N- h) ex-
citations . One may therefore ask what influence this
pion renormalization has on pion-pion correlations in
the medium. We have investigated this question re-
cently in a series of papers[l, 2, 3] with rather spec-
tacular results . It turns out that, after the inclusion
of N - h states [3], a collective state at low energy
appears which, for slightly compressed nuclear mat-
ter, moves to zero energy indicating an instability
with respect to pion pair condensation. By compar-
ing different phenomenological models for the r in-
teraction [4, 5] it was shown in [6] that this instabil-
ity is generic and does not depend on the particular
choice of kinematics or the off-shell behavior . The
pion pair instability has drastic consequences for the
nuclear saturation mechanism and one would like to
ensure that mechanisms for providing stability have
not been overlooked.
A major shortcoming of phenomenological it - IT in-
teractions lies in fact that they usually do not com-
ply with the soft pion theorems . Close inspection of
these theorems indicates that the interaction is, most
likely, repulsive below the 2m, threshold . It is known
[6, 7] that the so-called E commutator is related to
the invariant it-ir scattering amplitude as:

Mo0(sin , t0, u= 'nom)

with E,t,, given by

E, ^ =

< 1ry ( l -̀ = O )I[Q5, [Q5, ]]iir'(k = 0) >,

	

(2)

where Q 5 denotes the axial charge, H is the strong
interaction Hamiltonian and fir the usual pion decay
constant . The E commutator can be evaluated for a
Hamiltonian which explicitly breaks chiral symmetry
yielding E,, = m .2, . and thus,

m2
M00(s=m!,t=0,u=m!)=

At the physical threshold this result should be con-
trasted with the Weinberg result [8] which gives:

2
IVIO°(s= 4mß,2 =0,u=0) = -7mz .

This strongly suggests that somewhere below - =
2m.. the interaction turns from attraction to repul-
sion. In order to implement such properties we should

base our considerations on chirally invariant models
fors- -- it scattering.
In the linear sigma model, for instance, the invariant
Born amplitude is given by

m 2 - m2

	

MB°(s, t, u) =	 a 	
L2
	 X

(3 s-m22 + t
T

m2 + u-m22)

( 5 )s_ ,n,; t-mö u-me

satisfying eq . (3) to order m4 . We also see that for
s = mi, u = t = 0, which can be reached in sub-
threshold it-?r scattering, the amplitude is even more
repulsive, namely

m 2	m 2

	

M00(sm22,t=0,u`0)=2

	

(1-

	

) .(6)
m y

In order to construct a 7r-7r interaction from the tree-
level amplitude (4) to be used as an input in the
scattering equation we assume that t, u « m6 and

take the Mandelstam variables as

s = E 2 ,
t = 2m2! - 2w g wq, + 2qq' ,

u = 2m! - 2W g wq, - 2qq',

with obvious notation . We then obtain the following
separable it-n interaction:

	

z

	

z
V" (E , ~', q' ) = m~ m' x

{3~ 2 -	 ma + 4as g cv gmo 2mp }
v (4) v (rl

i
) (8)

where

v(Q) = ( 1 + 64m2 )
_ i

,

is a phenomenological form factor to render interme-
diate state integrations finite . Adjusting the sigma
mass at rn = I GeV yields reasonable agreement
with the experimental d© phase shifts below the KK
threshold and gives a00 = 0.23m; l for the scattering
length . One should mention that, due to the separa-
bility of eq . (6), the scattering length obeys a°0 cc mn
after iteration . Implementing this model for the in-
medium corrections of the two-pion propagator we
obtain the mass distribution (the imaginary part of
the war invariant amplitude) shown in fig . 1.

It is seen that the repulsion below threshold, inher-
ent in chiral models, prevents a strong accumulation
of strength in the region EST < 2m, . In order to
judge to which degree these results are generic we
have repeated the calculation within the gauged non-
Iinear sigma model . Unfortunately, in this case the
Born term is not separable . Furthermore, when ap-
plying the Blankenbecler-Sugar reduction for the rel-
ativistic scattering equation, the chiral limit a° 0 -+ 0

(3)

(4)

( 7 )

(9 )

-149-



E -60-60-

.-.-120

/-

	

p0

Vacuum ;, - 0 .5po

2p0

0ö
0.5o.s

	

1

-40--40-

-20-

a
0

-20,

EITf /m

Figure 1 : In-medium results for the imaginary part of
the invariant M°° amplitude calculated in the linear
o- model . Solid curve : vacuum result, long-dashed:
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Figure 2 : In-medium M° 0 amplitude calculated with
the extended Jülich model : full Iine : vacuum re-
sults, long-dashed line : p = 0 .5po, short-dashed line:

p = po, dotted line : p = 2po•
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as m.- -4 0 is destroyed . To preserve it we have ap-
plied a subtraction procedure to the 27r propagator:

G,,(s, k) = Gn1 (s, k) - ReG,(0, k) (10)

which, in fact, can also be interpreted as a redefini-
tion of the original interaction V ---3 V with

V = V - VReG,,(0)V .

	

(11)

This procedure ensures a linear dependence of the
scattering length on the pion mass and no insta-
bility occurs at finite density . There is, however, a
considerable amount of strength in the region m~ <
E,, < 2m-T . The above scheme can also be applied
to the purely phenomenological interactions such as
the Jiilich model [5] .In this case little strength is ob-
tained in the subthreshold region and the strength
above 2m,, becomes strongly quenched (see fig . 2).
We should note that the subtraction procedure (10)
is somewhat ad hoc and that other prescriptions for
maintaining the chiral Iimit of a ß° might not prevent
the instability [9].
In conclusion, we have demonstrated here that
in-medium effects on -v scattering are probably
strongly reduced when using chiral models . However,
it is rather difficult to maintain chiral symmetry be-
yond the tree level . Symmetry preserving scattering
equations from 14.PA like formalism are therefore cur-
rently investigated . Such efforts deem necessary to
keep quantitative control over the in-medium s- - ,r
correlations which are of prime importance for the
nuclear EOS.
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Weak Strangeness Production in Nucleon-Nucleon Scattering

J. Haidenbauer, K . Holinde and A . W. Thomas*

The weak production of strangeness in the reaction
NN -)- AN is one of the processes which could be
measured at COSY in Jülich . In this context it is
important to know which production rates one can
expect in order to decide about the feasibility of such
an experiment.
We study the process NN -+ AN in the meson ex-
change framework in a DWBA calculation . We start
with the one pion exchange illustrated in fig . 1(a).
The weak ANrr vertex (indicated by a circle in figs.
1) is represented by an effective Hamiltonian

hip = igw n.(1 - A-Y 5 )r'PA 4, + h.c.

	

(1)

with coupling constants g u, = 0.23 x 10 -6 and A =
6.9 fixed by the free A s N1'r decay [1] . ]YN and q
are the nucleon and pion fields, respectively, while
IPA = ( A ) is the A spurion field used to enforce the

empirical AT = 2 rule.

A

	

N A

	

N A

	

N

Fig . 1 . (a) Ir exchange contribution to the reaction NN -4

AN. (b) p exchange contribution. (c) K exchange contri-
bution. The ® indicates the weak vertex.

The p meson exchange contribution to the NN -
AN process is depicted in Fig . 1(b) . The weak ANp

vertex is described

(bgy

the effective Hamiltonian

Np = WN[fl7'' + Zo- µvkv 2 f2
mN

+ g27" `Y51 pI1, AY'p, -f- h.c.

However, now it is not possible to determine the weak
coupling parameters from experiments since heavier
mesons cannot participate in the free decay of the A.
Theoretical estimations . have to be used. The weak
ANp coupling has been calculated by G . Nardulli us-
ing a pole model and information from weak noniep-
tonic and radiative decay [2] and we adopt his values

for f1 , f2 , and g 1 in the present work.
For the (pseudoscalar) K-exchange contribution,
shown in fig . 1(c), the weak NNK vertex is given
by an effective Hamiltonian similar to eq . (1) . Again
theoretical estimates have to be ultilized for the weak
coupling parameters . Here we take the values derived

in Ref. [3] using SU(6)w by which the weak NNK

vertex can be related to the experimentally known
ANT and ENir couplings.
The parameters at the strong NN7r, NNp and ANK
vertices (coupling constants and form factors) are
taken over from our NN [4] and YN [5] interac-
tion models, respectively. We use the same form fac-
tors at the strong and corresponding weak vertices.
The interaction in the AN channel is taken from Ref.
[4] (model A), for the NN interaction we utilze the
model OBEPF from Ref. [6].
Cross sections predictions for np -D Ap are shown
in fig 2 . Since the total np cross section at ener-
gies around the AN threshold is about 30 mb the
branching ratio for weak A production amounts to
R = °~Q¢F

	

10 -13 in our model calculation . Noteette,
the strong enhancement of the production cross sec-
tion at nab ti 1150Me3%c (which is close to the EN
threshold) . This enhancement is due to a resonance
in the AN interaction induced by the strong coupling
to the EN channel [5].
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E
ö 1 .0
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Fig . 2 . Cross section predicted for the reaction np -* Ap
process.
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Separable Expansion of Realistic NN Models with Delta Degrees of Freedom

J. Haidenbauer, U . Meyer* and P. U. Sauer*

NN potentials which explicitly include the delta iso-
bar (A) degrees of freedom represent one of the ways
how 3-body forces can be introduced into the 3N
problem. The effect of such a 3N force on the 3N
bound state has been studied thoroughly by the Han-
nover group and others [1, 2] . Solutions of the Fad-
deev equations in the 3N continuum are, however,
still lacking . Here the large number of possible cou-
plings between partial waves in each channel intro-
duced by the A together with the more complex sin-
gularity structure of the integral kernel requires an
exceedingly huge computer memory as well as a large
CPU time.
A possible way to overcome these difficulties consists
in the expansion of the interaction model into sep-
arable form because for such a finite-rank represen-
tation the 3N equations are considerably simplified.
For that purpose an expansion method proposed by
Ernst, Shakin, and Thaler (EST) has proven to be
a powerful tool [3] . With only a few terms in the
expansion the 3H binding energy but also nucleon-
deuteron scattering observables could be obtained for
the Paris NN potential which agree within 1% with
results using the Paris model directly [4, 5].
We study separable expansions of realistic NN mod-
els with A degrees of freedom aiming at their appli-
cation in 3N continuum calculations . We choose the
so-called Hannover model [1] as our model potential.
This model has two major advantages . Firstly only
the virtual excitation of a single A isobar is con-
sidered . As a consequence the number of channels
occurring in the NN and in the 3N problem is still
manageable . Secondly, the Hannover model is con-
structed in such a way that it exactly coincides with
the Paris NN potential for E = 0 and is (approx-
imately) phase-equivalent to it for energies not too
far from the scattering threshold . This property is
important since it allows to isolate effects of the
isobar excitation in the 3N system via a comparison
with results for the Paris model [1] . In the isospin
singlet partial waves which do not couple to the NA
channel the Hannover model is identified with the
Paris potential.

According to EST a rank N separable representation
for an interaction model V is given by [3],

iv

= -d V 0( E_) > al :? < O(E;) V (1)
= ~7 =E

<4(EJ)Iv,..;G(Ek)>

where the expansion functions zj~(Ei ) > are so-
lutions of the Lippmann-Schwinger equation for V
at arbitrary but fixed energies EE (bound states,
scattering states, or even off-shell solutions) . For

NN models involving NA channels the functions

I tjb(E,,) > are vectors with one or two components in
the NN channel and up to four components in the
NA channel. Accordingly, V and VN are properly
generalized matrices [3] . Note that, in general, there
are several independent solutions for a particular en-
ergy, corresponding to the different choices for the
boundary condition of the incoming wave, and each
of them can be chooser' as an expansion function.
For the selection of the approximation energies E, we
can rely upon our experience with the Paris model.
We use again those energy points which were found
advantageous for the pure NN case and add now a
few more expansion functions corresponding to solu-
tions with incoming NA states . The chosen approx-
imation energies and boundary conditions are spec-
ified in table 1 . With this separable representation
(NN) phase shifts ~a/re very accurately reproduced
for EL,,b < 300~3le Y for all partial waves J < 2 [6].
Note that the isospin singlet partial waves are identi-
cal to the Paris potential and therefore the separable
representations can be taken over from Ref . [4, 5].
Informations about the used approximation energies
can be found there.
Here we report a first application of this separable
representation to Faddeev calculations of the triton
binding energy. The results are compiled in table 2
and compared with values obtained by applying the
Hannover model directly [7] . It can be seen that there
is nice agreement between the two calculations . We
are presently working on the extension of our code
to the 3N scattering problem.
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Table 1 : Energies and boundary conditions selected for the separable expansion of the isospin triplet partial

waves . The number indicating the boundary condition (b .c .) corresponds to the order in which the partial waves
are listed in the heading . NA partial waves are given in brackets.

'So(- 5 Do )

Energy (MeV) :

	

0

	

100

	

300

	

-100

	

-100
b. c . :

	

1

	

1

	

1

	

1

	

2
3P0 (_3F0 )

Energy (MeV) :

	

10
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-50

	

-150
b. c . :

	

1

	

2

	

1

	

1

3PI(-3 P1 _' 5 PI -5 P'1)

Energy (MeV) :

	

10
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10
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-50
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-50

b . c . :

	

1

	

2

	

3

	

4	 1	 1	 1

	

3

3P2 - 3 P2(`3P2 `-3 F2 -5 P2 -5 F2)

Energy (MeV) :
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75
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u . c . . 1
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5
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Energy (MeV) :
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b . c . :

	

1

	

2

	

3

	

4

	

1

	

1

Table 2: Results for the triton binding energy (in MeV).

NN inpu+ Hannover separable
model representation

ISo -5 Do, 3 SI -3 DI -6.825 -6 .841
I < 1 -7 .101 -7.101
af < 2 -7 .ifyV -7.658



Sumrule for the apparent Coulomb reacceleration of the neutrons in the electrodissociation of
the deuteron

A.Bianconi l • 2k , S .Jeschonnek, N .N.Nikolaev 3? , B.G.Zakharov 3 >

In the recent experiment [1] an intriguing velocity
shift between the neutrons and 'Li fragments in the
Coulomb dissociation of "Li nuclei was observed.
The observation was qualitatively interpreted as an
effect of classical deceleration of "Li and accelera-
tion of 'Li in the Coulomb field and led to the dis-
cussion of the Coulomb reacceleration as a clock for
nuclear reactions.
We have investigated the contribution of final state
interaction (FSI) between the fragments of elec-
trodissociation into the shift of the average veloc-
ity of fragments from the beam velocity[2] . We con-
sider the shift of the velocity of neutrons in the sim-
plest case of the Coulomb dissociation of deuterons at
large momentum transfer squared Q 2 . The deuteron
is particularly suited for our investigation as it is the
simplest example for the mechanism of reaccelera-
tion by FSI and as there is a realistic wave function
calculated from the Bonn potential [3] available and
FSI in 2 H(e, e'p)n is well understood [4].
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Fig. I : The shift of the average velocity of neutrons
Av., from the velocity of deuterons in the elec-
trodisintegration of deuterons vs .Q 2 .

We have shown that the final state p-n interaction
in the reaction of electrodissociation of the deuteron
at large Q 2 in a static external field leads to the ap-
parent reacceleration of neutrons . The shift of the
neutron velocity .r .,m the velocity of the deuteron
beam is related to the quantum-mechanical forward-
backward asymmetry of the missing momentum dis-
tribution in the 2H(e, e'p)n scattering. We have de-
rived a sumrule for the velocity shift of the neutron.
The calculated velocity shift is shown in Fig .1 . The
quantal physics of the apparent reacceleration by FSI
is simple and both the acceleration and deceleration
effects are possible depending on the sign of the real
part of the p-n forward scattering amplitude .
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How to measure the pion structure function at HERA

H.Holtmann, G.Levmani, Nr N Nikolaev, A .Szczurek 2 , and J .Speth

Up to now the only feasible method to extract the
pion structure was the rN Drell-Yan production.
The disadvantages of this method are that the at-
tainable luminosity is low and that only the valence
part of the pion structure function at rather large x
(> 0 .2) can be studied. An extension of our knowl-
edge of the pion structure function is possible by us-
ing virtual pions around the nucleon as targets in
deep inelastic scattering . These pions arise naturally
as a consequence of the pion-nucleon coupling which
leads to an admixture of the rN Fock state in the
light-cone nucleon. Interaction of high-energy projec-
tiles (nucleons, pions, leptons) with the virtual pion
of the :rN Fock state of the proton is a typical strip-
ping reaction, in which the momentum distribution
of the spectator nucleon reflects the momentum dis-
tribution in the :rN (meson-baryon) Fock state . For
instance, the differential cross section of the inclusive
reaction r p nX takes the form

dcr(rp, nX) 2

	

2
dzdpz

	

= 3fNlp (z,pl)Brr (sr, )=

	

( 1 )
1

where ffp (z , pl ) is the flux of nucleons with the
transverse momentum p i and the fraction z of the
proton's light-cone momentum . The 77t total cross
section enters at the center of mass energy squared
s,,. (1 - z)s izp, and the factor comes from the
isotopic Clebsch-Gordan coefficients.
The salient feature of Eq . (1) is that the flux
fNlp (z, pl) as well as its counterpart fA i p (z, pl) for
the p -re A inclusive fragmentation, is a universal
property of the rN, rrd Fock state, which does not
depend on the projectile . Capturing on the remark-
able success of the pion exchange model in hadronic
reactions, we expect that the semi-inclusive reactions

a) ep e'nX

	

b) ep -r e 'AX (2)

in the properly chosen kinematical domain also will
be dominated by the pion exchange (Sullivan [1])
mechanism . If this is the case, then the straightfor-
ward generalization of Eq . (1) to semi-inclusive deep
inelastic scattering is

d
6

( d
2
# e'nX) _. 3fNlp(z , pi)K(x ,Q 2 )Fz r (xr,Q 2 ),sdzdp 2l

(3 )
where F; r(xr , Q 2 ) is the structure function of the
pion ; xr = z/(1 - z) is the Bjorken variable in the
electron-pion deep inelastic scattering with the ob-
vious kinematical restriction 0 < x < 1 - z, and
Ii (x, Q 2 ) is the standard kinematical factor

z

	

4ra.2 1

	

2 Q 2
_

K(z,ä? )-

	

Q4

	

-y I

	

2
[1 - zS ,

(4)
assuming for the sake of simplicity 2xFr(x) _
F2 "(z) . Knowing all kinematical variables and trust-
ing the theoretical prediction for fN/p (z, p1), one

can invert Eq.(3) and determine the pion structure
function from the experimentally measured semi-
inclusive cross section . In the HERA experiments,
one can go down to the region of very small x,
10-4. This will be an enormous expansion of the
studied kinematical region compared to the ;rN
Drell-Yan experiments, which can not go much be-
low x, - 0 .1 [2] . Besides, such a determination of the
pion structure function at HERA will allow to study
the scaling violations in the pion structure function
in a broad range of (x,, Q 2 ), which hardly is possible
in the Drell-Yan experiments.
From the purely experimental point of view, the
semi-inclusive reaction ep --} e'nX is being studied
already by the ZEUS collaboration, which has in-
stalled a test forward neutron calorimeter (FNC) to
complement its leading proton spectrometer [3] . This
FNC was tested with neutrons from inclusive proton-
beam gas interactions, and an excellent agreement
between the measured spectra and the pion-exchange
predictions was found.
Our principal task is to find the kinematical domain
in which the semi-inclusive reaction ep enX is
dominated by the pion exchange contribution . The
semi-inclusive production of neutrons with z - 0 .8
turns out to be the optimal kinematical domain, and
it also corresponds to the domain in w111c11 the semi-
inclusive cross section is largest.
Above we have considered the elastic fragmenta-
tion p - n. One can also consider the excitation
of the proton into resonances and continuum states,
which then will decay into the observed neutron . The
prominent excitation channel is the production of LA,

states, which is also dominated by the same pion
(and p) exchange mechanism . Another type of back-
ground is the diffractive excitation of the proton into
the prominent N* resonances and/or the low mass
Nrr, Ns-sr , . . . continuum states, whose decays can
produce fast neutrons with large z . Such ui1,bctiVely

produced states carry Ps; 100% of the protons momen-
tum. The underlying mechanism is the pomeron ()
exchange process, in which the photon interacts with
the pomeron . We have shown that the background
from the diffractive excitation of protons is negligi-
bly small . Furthermore, the pion and pomeron ex-
change reactions differ by the rapidity distributions
of secondary hadrons : in the pion-exchange reaction
the rapidity gap between the observed neutron and
the hadronic debris from the 7 * :r collision is small,
zlirl log(1/(1 - z)) ss 1, whereas in the diffractive
pomeron-exchange reaction there will be a large ra-
pidity gap between the decay products of N" and
hadrons from the 7*IP interaction, which will allow
to experimentally separate the two reaction mecha-
nisms.
In the suggested mechanism of the semi-inclusive
neutron production, the differential cross section
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Fig. 1 : Longitudinal momentum distribution of (a)
neutrons, (b) protons and (c) A++ . The con-
tributions of the r, and p exchange mecha-
nisms are shown by the dashed and dotted
line, respectively. The contribution from the
pomeron exchange mechanism to the p -- p
fragmentation is shown by the dash-dotted
line .

Fig. 2 : Inclusive perpendicular momentum distribu-
tion of (a) neutrons and (b) A*+ . The con-
tributions corresponding to the a and p ex-
changes are shown by the dashed and dotted
line, respectively.

out the same at all values of z . Our conclusion is
that the separation of the pion exchange contribution
and determination of the pion structure function is
experimentally feasible, the possible backgrounds to
the pion exchange are under reasonably good con-
trol, and important in situ cross checks of the pion-
exchange mechanism are possible.

n

Eq. (3) is a product of the universal flux factor
which only depends on z and the structure function
FZ (x ., QZ ) which is a function of - z).
This factorization property allows an important cross
check of the model : Binning the semi-inclusive cross
section data as a function of z at different fixed values
of xn one can verify that the shape of the flux factor
as a function of z does not depend on x,, . Further-
more, this z-dependence must come out identical to
the z-dependence of the inclusive spectra of neutrons
from the hadronic pN interactions . Remarkably, the
FNC of the ZEUS collaboration enables the latter
cross check to be performed in situ, directly com par-
ing the spectra of neutrons from inclusive beam-gas
interactions and from deep inelastic ep scattering.
Such a .comparision of the two spectra will allow to
verify that the background contribution to z - 0 .7-
0 .8 from deep inelastic scattering off the baryonic
core is as small as in hadronic reactions_ Reversing
the argument, one can determine the dependence
of the pion structure function changing x at fixed
values of z and verify that this x ; dependence comes
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Pion Content of the Nucleon as seen in the NA51 Drell-Yan experiment

H . Holtmann, N .N . Nikoiaev, J . Speth nd A . Szczurek 1

Recently the CERN NA51 collaboration [1] pre-
sented the first direct measurement of the u/d ratio

d ~ = 0 .51 ± 0 .04 ± 0 .05

	

at x=0 .18. (1)

We interpret the NA51 result as a strong piece of
evidence for the pion-induced nonperturbative sea
in the nucleon . The pion-nucleon interaction leads
naturally to an admixture of a 7rN Fock component
in the physical nucleon . Ever since the NMC data
on the Gottfried Sum Rule (GSR) [2], there have
been attempts to accommodate the observed GSR
violation into the parton model analysis of struc-
ture functions invoking different parameterizations
of the asymmetry. Here we wish to emphasize that
as opposed to the experiment-driven parameteriza-
Lions, the dynamical model of the pion-induced sea
gives a unique prediction for the ft-d asymmetric part
of the sea using pion-nucleon interaction parameters
inferred from low and high energy soft hadronic in-
teractions . Furthermore, the region of x ti 0 .2 is
precisely the region where the nucleon sea is domi-
nated by the pion-induced nonperturbative sea . The
predictive power of the model rests on an impor-
tant observation that the pion exchange contribution
enters the high energy nucleon (delta) production
in hadronic reactions and the lepton deep inelastic
scattering virtual pions in similar kinematical con-
ditions . Both processes are described by the same
light cone xrN ( ;rA, KA, . . .) wave function, which al-
lows one to constrain the principal nonperturbative
parameters-the radii of the meson-baryon light cone
wave functions-from an analysis of the p -- r n, A, A,
etc. fragmentation spectra [3] . The meson-baryon
couplings, too, are nonperturbative parameters of
the model; in our analysis we use the standard low
energy determinations of these couplings.
In the region of x of interest, the meson-induced sea
is dominated by the valence quarks of the pion . In-
deed, typically f, /N (y) has a maximum at p - 0 .3,
and x = 0 .18 studied in the NA51 experiment corre-
sponds to the rather large Bjorken variable in deep
inelastic scattering by pions, x r x/y Le . 0 .6 . Thus
the recent parameterization [4] based on the arN

Drell-Yan data can be regarded as reliable, and the
meson-induced sea can be calculated with good ac-
curacy.

primordial1 sea d

1L17L11111L1

i st-ibutiVn
1i of the

	

3roe primordial nucleonic core
is the least known ingredient of the model . As a first
approximation, we adopt the following phenomeno-
logical procedure : We assume the primordial sea in
the nucleonic core to be zu-d symmetric with the
shape given by the symmetric MRS (So) [5] parame-
terization and the magnitude adjusted so as to obtain
rough agreement with the absolute normalization of
the MRS(Do, D') [5] ij and d distributions, which
are shown in Fig . 1 by dotted lines . Such a proce-

- 157-57 -

Fig.Fig . 1 : The contributions of various Fock states to
the xü (Fig. la) and xi" (Fig. lb) distribu-
tions . The dotted curves correspond to the
asymmetric quark distributions Do (dotted),
D` (double-dotted) from Ref.[5].

dure suggests that the primordial sea is about 50%
of that given by the symmetric MRS (So) parame-
terizations . This procedure is very crude, since the
MRS(Do, D') parameterization does not reproduce
the NA5I result, but the effects of the primordial
sea turn out to be small . The resulting decomposi-
tion of the ü(x) and d(x) densities into contributions
from different mechanisms is shown in more detail in
Fig . 1.
Our results for the ü/d ratio are shown in Fig . 2 . Be-
cause the primordial sea only is a correction to the
dominant meson-induced sea, the predicted i/d ratio
changes little if the normalization of the primordial
sea in nucleons is changed by a factor 2 from 50% to
25% . Reversing this argument, the ratio ü/d is sta-
ble to the factor ... 2 cof the absolute fluxchanges

O '

of pions . Owing to high accuracy of the hadronic
data successfully described in the same framework
a very conservative estimate of the normalization
uncertainty is <(20-30)% . For comparison we also
show nisi ratio obtained from the MSR (Do, DL)
parameterizations [5] of the previous deep inelastic
scattering and the Drell-Yan production data . These
parameterizations were fine-tuned to the GSR viola-
tion, but placed the asymmetry at small values of x .



0 .30

	

0.40
x

0 .50

Fig . 2 : The ü(x)/d(x) ratio measured by the Drell-
Yan NA51 group compared to : the experi-
mental Dö (dotted) and D' (double-dotted)
MSR parameterizations [5], and our full
model (solid) . In addition we show the re-
sult with the primordial sea contribution in
baryons reduced by a factor 0 .25 (dashed).

The model of the meson-induced sea gives a unique
prediction that the it--d asymmetry is predominantly
a large-x phenomenon, in good agreement with the
NA51 result.
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The direct calculation of the slope of the QCD pomeron's trajectory

N .N .Nikolaevl) , B .G .Zakharov 1) and \r .R.Zoller2)

Whether the QCD pomeron is described by the fixed
or moving singularity in the complex j-plane, re-
mains one of the topical issues . In this communica-
tion we prove that the generalized BFKL pomeron
[1,2] is a moving cut and present the first direct cal-

culation of the slope aip for the pomeron trajectory.

Being dimensionfull, the slope ate, is the nonpertur-
bative quantity, and we relate it to the nonepertur-
bative parameter of the generalized BFKL pomeron
- the correlation radius for the perturbative gluons.

The starting point of our analysis is the generaliza-
tion of our BFKL equation [1,2] to the profile func-

tion of the dipole cross section F(r, If;) . Defining the

impact parameter b- with respect to the center of the
parent q-q dipole, and repeating the derivation [1,2],
we obtain the homogeneous equation

öi (,r, b) = IC ®

	

r, b) = ö7t3
j d2P1 fit 2G

- 2

g(R1)K1(biGPi) E~ - g (R2)K1(pcp2)
P2

1
2Pi)+

1'(, P1, b+ 2P2) -

	

r , b)] .

in which p72 = ~i - F, the arguments of the run-

ning QCD charge g(r) = /4as(r) are Ri =
min{r,pi {, Ki (x) is the generalized Bessel func-
tion and R, = I/pG is the correlation radius for

the perturbative gluons . Here we use the standard
definition of the profile function when A(s,t) _

2is f d 2 bexp(--igö)F(b) and the dipole cross section

equals c , r) = 2 f d eb F(, r, b) . Hereafter we shall
discuss the reduction of (2) to the equation for the

diffraction slope B(e . r) = JO) 2 ) = (, r)!cr( , r),

where A(, r) = f de b b 2 r, b) . Evidently, the
diffraction slope for the dipole of size r contains
the purely geometrical contribution r 2 which comes
from the elastic form factor of the dipole . Then, it

is more convenient to consider 71(,r) = \(4, r) -
-r2 u(, r) , for which we obtain the inhomogeneous
equation

ai(,r)
=

3
J
~ d2P1 PG

a~

	

sT3

F'l
g(Ri)KI(p GPI) pl - g (R2)K i(PGP2)

-

x { 11(x, pi) + rl(, P2) - 11(6, r) +

Pi +P
2
- r2$(

	

)[u(P2, ) + u(Pi,S)]}

= ®10,r)+ß(ß,r)• (2 )

Here the crucial point is that the homogeneous
Eq. (2) is precisely our generalized BFKL equation

for the dipole cross section

	

dcr(,r ) = k

	

r )

which enables us to prove that on a very generic
grounds that air, = zdB(, r)/ck } 0 and, con-
sequently, the generalized BFKL pomeron is de-
scrivbed by the moving cut ill the complex j-plane.

The proof goes as follows : In [3,4] we have shown
that the generalized BFKL operator k has the con-
tinuous spectrum, which corresponds to the cut in

the j-plane . Let -co < v < co be the "wavenum-

	

her" „ whiche labels

	

f _ 4
Ct1oÄ15 E(v, rfc .tii,)_xp[t~~A l .

)~~v.1[]eLgeili llil

of Eq . (3) with eigenvalue ®(v) . For the guidance,
in the scaling limit of as = con.si and R4 coet.

E(v, r) = r exp[iv log(r2 )] = os(r) exp[iv log(r 2 )]
with the orthogonality condition [3-5]

	

5(v
p) =

1

	

dlog(r2 )
10.)p	

(r)]

	

f°(v,r)E(fl,r), ( 1)

and v is indeed the wavenumber of plane waves in
the log(r 2 ) space.
The large- behaviour of solutions of of the inhomo-
geneous equation (2) is controlled by properties of
the inhomogeneous term

Q( , r) = .C ® c (e, r ) - 643,, J d2P1 Pc

2
g ( Ri)Kl({ L GPl)

Pl -
g(R2)K1({ZGP2) p2

(Pi + Pä - r2 )[ß (P 2 ,0 + u(Pl,~)] . (5)

If G(v, r) = C ® E(v, r) = f dwg(v, w)E(w, r) , then

the inhomogeneous term (5) can be written as

N, r) - r ® u(, r) =

I dvE(v , r) j dwf(w)g(w, v) exp[A(wg] . (6)

The singularity structure of g(w, v) can be found

considering the large-r behaviour of G(v, r) = C 0

E(v, r) . Making use of properties of solutions of the

gerenarlized BFKL solutions found in [2], it can be
shown that g(w, v) contains the two singular com-

ponents g i (w, v) = 2G1 6(w - v) and g 2 (w, v) _

G 2 (v)S(w) besides the smooth function of w and v.

The 2G i b(w - v) component of g(w, v) gives a con-
tribution to n(E, r) of the form

171(, r )

1
o

4G 1

	

d~ ' ( dv f (v.)E(v, r) exp[a(v)~] _
.

= 2G1ff(4. , r), (7)

which gives precisely the Regge growth of the diffrac-
tion slope B(, r) with a = G 1 . Furthermore,

we find an an explicit estimate for the slope of the

(1)

(3)
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pomeron trajectory in terms of the nonperturbative
correlation radius R,,

3
air, -

1rv
Jd 2 as(r)pr 2K(pG r)

3
a

	

R~~s(R~ )
64sr

The effect of g 2 (w, v) = G 2 (v)ö(w) can be evaluated
making use of the explicit form of the pomeron cross
section found in [2,3] [3] . It also contributes to the
slope of the pomeron trajectory aip - G2(0) -- G I .
The smooth, nonsingular, part of g(w, v) does not
contribute to the slope of the pomeron trajectory.
In the numerical calculation of the slope a' we
start with the dipole-dipole cross section an the
corresponding diffraction slope as described in [5,6].
We calculate the e dependence of the dipole cross
section

	

,r) and of the diffraction slope B(, r)
and verify that at oo the effective intercept
/e f f(, r) _ ö log (i(4' , r)/Ö and the effective slope
aef f(, r) = äB(, r)/ä. tend to the limiting values
L1 and respectively, which are independent
of the size orthe projectile and target colour dipoles.
We take the running coupling with the infrared freez-
ing as(r) < astir ) = 0.82 [3,4] . The dependence of
the slope c4 on PG = 1/R, is shown in Fig .1 .
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Fig. 1: The slope of the pomeron trajectory nip as
a function of the inverse correlation radius

pG = 1/R, for the perturbative gluons.

The simple estimate (8) is dose to these numerical
results.
To summarize, we have shown that the generalized
BFKL pomeron [1-4] is the moving cut in the com-
plex angular momentum plane . The slope a' of the
pomeron trajectory is the dimensionfull nonpertur-
bative quantity and we related it to the nonpertur-
bative parameter of the model - the gluon correlation
radius .
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Direct calculation of the triple-pomeron coupling for diffractive DIS and real photoproduction

M.Genovese' N .N .Nikolaev 2) and B.G .Zakharovi)

At moderately high energies, the salient feature of
diffraction dissociation a + p - X + p' of (a = h)

hadrons and (a = y) real photons (Q 2 = 0) is the so
called triple-pomeron regime

M 2	do-D (a X)

atot(ap)

	

dtdM 2

with the approximately energy- and projectile-
independent dimensionfull triple-pomeron coupling
A 31 . Here t is the (p, p' ) momentum transfer
squared and the mass M of the excited state sat-
isfies m « M2 « W2 , where W is the total c .m.s.
energy. The FNAL data on the diffractive real pho-
toproduction give A 3w(Q 2 = 0) 0.16GeV`" 2 [1].
In the Regge theory language, A 3Ip measures the
projectile-pomeron cross section [2]

ot,t (ap)
o-cot(aIP) = 167rA3 o-tot(pp)

	

0 .08 ~tot(aP) (2)

Why A3Ip is small and etot (a)P) is more than one
order in magnitude smaller than at o t (aN), is one of
outstanding mysteries of the pomeron.
In diffractive DIS too, one can operationally define
the triple-pomeron coupling

m 2 +Q2 dBD(7 e - X)
~iot(7*P)

	

dt dM2

	

t_o

The dimensionfull A 3w(Q 2 ) is the nonperturbative
quantity. The subject of the present paper [3] is an
evaluation of the Born approximation for A31p (Q 2 )
in terms of the nonperturbative parameter of the
dipole cross section approach to the QCD pomeron
[4,5] : the correlation radius Ro for the perturba-
tive gluons . We rely upon the microscopic dipole
pomeron description of diffractive DIS [4,5] . The
x 1/(M2 + Q2) component of the mass spectrum
comes from the diffraction excitation of the qqg Fock
state of the photon containing the soft gluon which
carries the fraction z g « I of photon's lightcone mo-
mentum and gives rise to (m 2 +Q2 ) a Q2 /zg > Q 2 .
Let i , p1 and p2 = Pl - T be the q-q, g-q and g- sep-
arations in the impact parameter (transverse size)
plane. Then, in the triple-pomeron regime

(Q 2 + It 2)	
dan 2

	

_ f dz derd2Ä1
dtdM 2

2

{zgl(T,Äi,Ä2,z,zg)I2}z9=o

	

67r

	

(4)

where G3 stands for the 3-body cross section [5]

o3(r, PI, P2) _ $ [ o-(Pl) + 6(P2)] - 8 o(r) , (5 )

the square of the 3-parton wave function equals [5]

1 1
I (T, Äl, Ä2, z, z g) I - =

	

z

	

Iv ° (Q 2 , z, r ) I 2
g

2
R Ii 7

	

P2

	

PG g ( 1) 1(r i GP:)p - g ( R2) 11 1(pGP2)
P2

	

( 6 )

Here Illy (Q 2 , z, r)I2 is the lightcone wave function
of the quark-anriquark state derived in [6], g(r) is

the running color charge, as(r) = g 2 (r)/47, the ar-
guments of color charges are Hi = min{r, p j } and

R~ = 1 /PG is the correlation (propagation) radius
for perturbative gluons.
In the case of DIS, the typical size of the qq dipole
r- 2 < R2 oc 1/Q 2 and, to the standard Leading--,

	

gg
LogQ 2 approximation, the dominant contribution to
the diffraction cross section (4) comes from r 2

pi ` P2 "' R~ . In this region o-3( r , pi, p2 )

	

s ~(P)
ct(r) , where p = 2(p i + p 2 ), the virtual photon in-
teracts as an effective octet-octet color dipole of size
p Re , with the gq pair acting as an octet color
charge, the 3-parton wave function factorizes and (4)
takes on the factorized form

~

	

~ d~ D
(Q- + I~1 )

t-o

j dzd2 T I Ì`ti'(Q 2 , z , r)I 2 . x272 - as(r)r
2

2.0 ~

83

J
dp2 u(P)l Z ,F(pGp) , (7 )

P J

	

7where J(z) = z 2 [K (z)+zK i (z)Iio(z)+ z27~ä(z)] .
Because modulo to the factor - log[1/as(Q 2)] - 1,

t

	

2
dz d2

	

(Q2 z r)I 2 - 16ff
as(r)r2

ry
f

	

27

p-tot(7*p ) = 1 dz d2t I 4,7• (Q 2 , z , r )I 2cr (r) ,

	

( 8 )

Consequently, (7) becomes equivalent to (3) with

A3Ip(Q2 ) A3Ip =

9

27x4 (g! 3 dP2 [Viz)]
2 F(pGP) .

The factorization (7) holds simultaneously for all
the g jgjg states and we predict independence of
Asw(Q2) on the flavour "i" Eq . (9) shows very
clearly that A;Lp is the nonperturbative quantity
dominated by p Re.
For real photons, Q 2 = 0, in the dipole distribution
(6) the typical qq size is large,

r2
R2_

	

1
a nl2 » R R.

g

Because of inequality (10), the dipole distribution
I4 2I 2 will be dominated by conf6ura tions with p?

R~ « p2 ^~ r 2 and p2 < R~ « pi r2 and takes on
the factorized form first considered in [4]:

I 4)(77', Ä1, P'Z, z , z s)I 2 =

	

3Z

	

"z

	

r)I2
s

• pG [as(Pi) I (PGP1)+ os(P2)K (pGP2)] . ( II )

We recover a sort of the constituent quark model
with the qg and/or qg clusters of size p Rc , with

= .o

; A (Q 2 ) . ( 3 )

dtdM 2

(9 )

(10)
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the square of the qg wave function of the "con-
stituent" quark a i~as(p)K?(tt G p) . Diffraction

dissociation of the photon 7- q + + g pro-
ceeds via diffraction excitation of the "constituent"
(anti)quark of the photon q(q)

	

q(q) -i- g . For the
size ordering (10), Eq. (5) leads to a3(r, pi, p2)
a(r)±a(p), the factorization o-3 (1-, pi , p 2)-ß 2 (r) ti
a(r)a(p), where p = min{p;}, and the factorized

form of the diffraction cross section (4):

llf
2 d~d1112

	

J dz d'r• T7 . 1-a(r)
:=o

	

8 7r2J

_I dp2 [f
2 (PGp ) = atot(rp )A 3 (0), ( 12 )

other successful] phenomenological application of the
model, we found good agreement with the exper-
imental determination of

A31' (0) . We related the
small numerical value of A31p, which was a mystery,
to the small value of Re.

in which

A 3Ip(0)	 3 2 . [ dp2as(P)
[ ) J

f 2(GP) (13)

and f(z) zKi (z) . Notice a close similarity between
equations (9) and (13) . A direct calculation gives
A 3n(0) - 0.23GeV- 2 , in reasonable agreement
with the experimental determination A 3Ip(0)
O .16GeV- 22 [1].

0 .4

0

	

2

	

4

	

G

QL (Gev/c) 2

Fig . 1 : Our prediction for the Q 2 dependence of

A 3)p ( Q 2 ) .

In Fig. 1 we present the Q 2 dependence of the
triple-pomeron coupling A 3 -rp(Q 2 ) . The main fea-
ture of A31p(Q 2 ) is its weak Q 2 dependence; still,
we predict a slight, by a factor

	

1 .6, growth of

A31-E (Q 2) from A31p(Q2 0) = 0 .23 GeV 2 to the
DIS value A31p(Q2 >_ Q*2) _ 0.36GeV" 2 . This
rise of A31p(Q 2) take place at Q 2 < Q*2 ~(2-

u ) GeV2 and uco,..iivca the transition from the regime
of diffraction dissociation of the " constituent" quark
to the regime of diffraction dissociation of the octet-
octet dipole state of the photon. The experimental
test of the predicted Q 2 dependence of A 31p(Q 2 ) is
possible at HERA and shell shed light on our under-
standing of dipole cross section at r Re.
To summarize, with the nonperturbative parameter
of the model - the correlation (propagation) radius
for the perturbative gluons R, s 0 .3 fm as used in
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Quantum coherence in heavy-flavor production on nuclei

N N Nikolaev i? , G .Piller2) and B.G .Zakharov i)

Nuclear effects remain one of major open issues in
the theory of heavy-flavor production in hadronic in-
teractions . In leading order pQCD the cross section
for heavy quark-antiquark production can be written
as

'OM
i .9

& (x i/-t 2)fh 2 ( x 2,1 2 )

	

(xix2s ,Id )•

	

( 1 )

Here fh , (x i , /1 2 ) and fh2 (x 2 ,112 ) are the densities of
partons "i " and "j" in the projectile h i and tar-
get h 2 respectively, taken at the factorization scale
p2 - 4 m , where . .

	

is the mass of the heavy_

quark . crii (xix 2 s, p 2 ) is the cross section of the par-
tonic subprocess i + j Q + Q at a squared center
of mass energy x 1 x 2s > 4mb.
In this work [1] we develop a theory of coherent nu-
clear effects at x2 < 0.1 - in the domain of
the gluon fusion subprocess g + g - Q + Q . In this
region, heavy-flavor hadroproduction in the labora-
tory can be described in our formalism of light-cone
wave functions (LCWF) [2,3] as diffractive dissocia-
tion of projectile gluons into QQ pairs . The physical
gluon in the LCWF formalism has a non trivial Fock
decomposition which also contains a heavy QQ state

IG) =

	

- nQQ I g)+

	

TG(z, F)IQQ ;z,%)-(2)

Here IlI G(z,r) is the projection of the physical
gluon wave function onto a QQ state in the (z, 27°)e

representation, where the light-cone variable z rep-
resents the fraction of the gluon momentum carried
by the quark, r is the transverse separation of the
Q-Q in the impact parameter space and

ra QQ = fdZfdrI G(zr)12,(3)

The QQ wave function G of the gluon can be ob-
tained immediately from the QQ wave function of
a photon 9 7. as derived in [2] After the interaction

with the target nucleon at an impact parameter b,

the incident gluon state is transformed into

IG;b)

	

(b)[G;b) .

	

(4)

S(b), the scattering matrix in the impact parameter
representation, acts differently on the g and QQ- com-
ponents of the physical gluon G, which leads to a pro-
duction of the QQ state . Unitarity of the S-matrix
at a fixed impact parameter b simplifies the calcu-
lation of the inclusive QQ production cross section.
For every value of b it relates the probability PQ Q,
to detect a QQ pair in the final state with the prob-
ability PG to find a physical gluon PG T PQQ = 1.
After some algebra, making use of the explicit form

of the S-matrix, we find

PQQ = 2f dzd 2 FIT G (z,r)I 2

((QQg)i N I [1 - S(b )] I (QQg )1N)•

	

( 5 )

Here, the crucial finding is that PQQ takes the form
of a profile function for the elastic scattering of a
(QQg)i state on a nucleon, so that

o- (G1V ~ QQ X ) =

f (lzd 2 T I~ G (z,

	

I 263( x' 1, r2) = ( a-3N)QQg, ( 6 )

where

i

8
[u(ri) +

0(r2)- 9 v(r) j .	(7)

As indicated a-3N is the total interaction cross section
for the scattering of a color-singlet three-parton state
(QQg)i from a nucleon [3] . The g-Q and g-Q separa-
tion in the impact parameter space are labeled r i and
T2 respectively . Their difference i= - r2 is iden-
tical to the Q-Q separation . The distances T1,2 are
related to the light-cone momentum fractions carried
by the Q and Q respectively:

r2 = -zr, r 1 = (1 - z)T .

The cross section r(r) is for the interaction of a QQ
color-dipole of size r I~ ( with a nucleon . The color
transparency property of the dipole cross section pro-
vides the infrared and ultraviolet finite heavy-quark
production cross section in spite of the dissociating
gluon being a colored state without any need for color
cancellations by comoving quarks.
In order to calculate the heavy-quark produc-
tion cross section for hadron-nucleon collisions
BQQ(h, N), we have to multiply cr(GN QQ X )
from Eq. (6) with the gluon density of the incoming
hadron projectile and integrate over the virtuality k?
of the projectile gluon . Making use of the relation-
ship between the dipole cross section and the gluon
density in the target nucleon [3], we recover the stan-
dard Parton model formula (I).

The above formalism comes truly of age when alas
plied •to production off nuclear targets . Generaliza-
tion of the above to nuclear targets is straightfor-
ward and reduces to a substitution of the Glauber
cross section

o-3A = 2j d2 b { 1 - exp [-
2

o'3NT(b)]
~

. ( 9 )

for 0-3N . Here b is the impact parameter of the
(QQg)-nucleus scattering process, T(b) stands for
the optical thickness of the nucleus

1faa
T(b)=~

	

dzra A(b,z) .

	

(10)

ß3N =

( 8 )
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Expanding the exponential in (9) in powers of

FA = U 3N T( 6 ) a U3N
Ai13 .

	

( 11 )

one can identify terms a T~ as resulting from the
coherent interaction of the (QQg) state with v nucle-
ons inside the target nucleus. In the impulse approx-
imation, nuclear transparency TA = 1 . The driving
contribution to nuclear attenuation results from the
coherent interaction of the three-parton (QQg) state
with two nucleons inside the target:

TA = 1 - (U3N)QQ8 [ d 2 &T 2 (b) .

	

(12)
4 (0.3N)QQ9

At k <G 4mQ shadowing effects can easily

be estimated, using the fact that 1T G (z, 012 x
exp(-2mQr) and cr(r) Cr':at:

15CA
1-TA ti

	

	 	 (13)
32rrR,'h m

In the accessible region of small x 2 0 .01 we find at
r 1/m, typically C Po- 2 .5 [4], which leads to

1-TA -6 . 10-3 -A 113 .

	

(14)

in good agreement with the experimental data [5].
Following the analysis of refs .[2,6] we note, that the
shadowing effect in Eq .(12) does not vanish at high
virtualities of the projectile gluon k? » 4mQ, and
consequently is a leading twist effect . (The same is
true for nuclear shadowing in DIS .) There is a close
similarity between nuclear shadowing in heavy-flavor
hadroproduction and heavy-flavor contributions to
nuclear structure functions . It mainly involves an ex-
change of the three-parton cross section 83N in (12)
with the dipole cross section o(r), which differs in
the considered process by a factor 2 . Hence the A-
dependence of both processes cannot be described in

terms of modified nuclear gluon distributions, which
would be unique for all hard processes . More detailed
analysis has shown that shadowing of QQ contribu-
tions in DIS must be reinterpreted as a modification
of the nuclear sea quark distributions [3] . This, how-
ever, is not possible for heavy-flavor hadroproduc-
tion.

Shadowing effects, which can be ascribed to nuclear
modifications of gluon structure functions, emerge
in DIS first through contributions from higher order
QQg Fock states of the photon . The contributions
of QQg components to shadowing can be related to
diffractive dissociation of virtual photons into large
mass states M2 » Q 2 , which is successfully de-
scribed in terms of the so-called triple-pomeron cou-
pling A31.. At x 2 < zA = 0 .1Ai/s one finds [2,3,6]

1
TA-RAA3 log(-

x . .1 .5 . 10 -'
A113 log (xi) .

	

(15)
x

We used A3~ 0 .16 GeV-2 as determined in the
photoproduction experiment [7] . Here, the crucial
point is that the triple pomeron coupling becomes
approximately independent of Q2 and quark masses

[2,3,8] . Therefore we may reinterpret the nuclear at-
tenuation of QQg Fock states as nuclear modifica-
tions of target gluon distributions . These are then
unique for all hard processes . However in DIS the
non-factorizable contributions of light flavor qq pairs
dominate nuclear shadowing down to x 10 -3 [6].

For the reason that in the QQg admixture in the
physical gluyon, the size of the QQ pair is much
smaller than the separation of the gluon from the QQ
pair, eq . (15) shall be applicable also to the heavy-
flavor hadroproduction.

Weak nuclear attenuation in inclusive hadroproduc-
tion of open-charm does not imply weak nuclear
effects for exclusive charmonium channels . As far
as nuclear effects are concerned, the difference be-
tween. both should be quite similar to the well es-
tablished difference between inclusive photoproduc-
tion opeharm and exclusive photoproduction of~.i

	

~i
charmonium bound states [8] . A detailed treatment
of exclusive charmonium production will however be
presented elsewhere.
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The spectrum and solutions of the generalized BFKL equation for total cross section

N \ Nikolaev l) , B .G .Zakharov l) and V.R.Zoller2

The asymptotic behavior of high-energy scattering
in perturbative QCD is usually discussed in terms
of the Balitskii-Fadin-Kuraev-Lipatov (BFKL) equa-
tion for the differential gluon distribution function
[1,2] . The work [1,2] focused on a somewhat aca-
demic case of the fixed strong coupling and infinite
range of colour forces . On the other hand, the in-
dispesable feature of the realistic QCD is the run-
ning QCD coupling and finite range of color forces.
In this communication [3] we present a derivation of
the generalized BFKL equation, which incorporates
the running strong coupling . Also, we introduce a
finite correlation radius for the perturbative gluons
in a gauge invariant manner . We report on an anal-
ysis of solutions of this generlaized BFKL equation
and demonstrate that it has a continuous spectrum.
Consequently, the generalized BFKL pomeron is de-
scribed by the cut in the complex j-plane, and in-
troduction of the running QCD coupling does not
lead to a sequence of poles as it has been claimed by

Lipatov [2].
The principal idea behind the derivation of the gener-
alized BFKL equation is that the growth of the total
cross section is related to a familar growth with en-
ergy of the multiplicity of the Weizsäcker-Williams
(WW) gluons in interacting hadrons [4] . The per-

turbative q -0 Fock state generated radiatively from
the parent colour singlet qq state of size r has the

interaction cross section

0-3( r ,pi,P2) = $[uo(P1)+uo(P2)] $- uo( r ) r( 1 )

where ß1,2 are separations of the gluon from the
quark and antiquark respectively, p2 = ä, - + and
Qo(r) is the dipole cross section for the qq dipole 27.

The increase of the cross section for the presence of
gluons equals

L o 9(r,P1,P2) = o 3(r ,PI n P2)

	

uo(r )

	

= 8[ oro(PI) + uo(p2) - uo(r )]•

	

( 2 )

The lightcone density of soft, zg « 1, gluons in the
qqg state derived in [4] equals

I~1(rrP1rP2,zy)I2- z g 37
3i-LG

2

g (RI)K l(p GPl) p1 - g(R2)li l(pGP2) P2
P1

	

P2

Here g(r) is the effective colour charge, as(r) =

gs(r)2 /4 , is the running strong coupling, R1,2 =
min{r, p1,2 }, K I (x) is the modified Bessel func-

tion, z g is a fraction of the (]ightcone) momentum

of qq pair carried by the gluon, and f dzg/zg =

log(s/so) . gives the usual logarithmic multi-
plicity of radiative gluons, which is at the heart of

the LLXA . The wave function (3) counts only the
physical, transverse, gluons . In (3), /1G Kl(pGp)p/p

emerges as the gradient alt-o(pap)/V, and Ka(pGp)

is precisely the 2D Coulomb-Yukawa screened po-
tential, which in a more generic case must be under-
stood as the correlation function for the perturbative
gluons . Eq. (3) describes the spatial density of WW
gluons generated by two oppositely charge sources
separated by distance F. With allowance for the per-
turbative qqg Fock component in the beam dipole A,

the dipole cross section takes the form

o-(, r) = o'o(r) +

f dzgPl 14D1(r,)'-5'1,P2, zg)1 2Ao•s(r ,P1,P2)

= eo(r) + gl (r)S = [1 + "A,®]o•o(r) ,

	

( 4)

where the kernel k is defined by

3
(r) = K ® 0-o( r ) = 873 ~ d 2 P1 pG

2

g(R1)K1(pGPI) Pl - g(R2)K1(pGP2) p2
P1

	

P2

x [ o o(Pl) + ao(P2) - oo(r )] - ( 5 )

Eq. (4) shows that the effect of gluons can be
reabsorbed into the generalized dipole cross sec-

tion o-(, r) . To higher orders in , this gener-
alized dipole cross section can be expanded as

o , r ) = Z,,,-o n! on (r) " . Then, Eq. (5) generalizes

to ßn+1 = K ® fin, and

00(4' ,r) = k ®cr(, r )

	

( 6 )
0

is our generalized BFKL equation for the dipole cross
section.
In the BFKL scaling limit of r, ol , p 2

	

R, and fixed

as

P2
p G lil(#tGPI)1 - li1( pGP2)~I

	

P2

the kernel K becomes independent of the gluon cor-
relation radius R, and with the fixed as it takes on

the scale-invariant form (hereafter we refere to this
limiting case as the BFKL approximation) . In the

BFKL approximation the eigenfunctions of Eq . (6)

are E(w, r) exp[d(w)a where

E(w,r) _ (.2) +im
( 8)

with the ..eigenvalue (intercept)

+

	

)] , ( 9 )

A(w)

3as
[2t(1) ~- .W(- - w) - W(

where T(x) is the digamma function . The final re-

sult for A(w) coincides with eigenvalues of the BFKL
equation [1,2].
Both the correlation radius R, and the run-
ning/freezing coupling break the scale invariance of

(3)

x

2

	

2r
_ --T.-T ,

PI P2 (
7 )
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the BFKL approximation . What is the impact of
the broken scale invariance on the spectrum and the
complex-j plane properties of the generalized BFKL
pomeron?
We start with simple limiting cases and consider fist
the case of finite R, and fixed coupling as . Evidently,
in this case, on the infinite semiaxis r GG Rc , our ker-
neI is identical to the kernel of the BFKL approxima-
tion, the spectrum of eigenvalues will be continuous,
the cut in the j-plane and the intercept A lp will be
the same as in the BFKL approximation of R, -* oo.
The second limiting case is of the running/freezing
coupling as(r) at R, - x . In this case, at r > Rf ,
we recover the BFKL approximation with as =

a(sf r), the spectrum of eigenvalues will evidently be
continuous, and the intercept Ana and the cut in the
complex j-plane will be the same as in the BFKL
approximation . The realistic case of the interest is

a combination of the two previous cases . A some-
what tedious analysis shows that in this case too
we can exclude the node-free localized solutions with
o-(r) vanishing at large r and, consequently, the spec-
trum of our generalized BFKL equation remains the
continuous one . This shows that, within the consid-
ered infrared regularization, our generalized BFKL
equation produces a cut in the complex j-plane . The
rightmost singularity in the j-plane will have the
dipole cross section cw(r) coast vs . r at large
r. Its intercept will be controlled by the behavior of
olp(r) at r -- R .

r (f ermz)

Fig . 1 : The pomeron dipole cross section o(r) for
different values of pc • The straight lines show
the r 1 and r2 behavior.

In order to determine the intercept of the general-
ized BFKL pomeron, we study the large-f behav-
ior of numerical solutions of Eq . (6) and verify that
o-(e, r) has the same asymptotic behavior o-(e, r) =
elp(r) exp(Alpe) irrespective of the boundary con-
dition ate = O. Namely, we compute ®e f f ( , r)
S log o-(s;, r)/8 and check that at large the effective

intercept 8,f f ( , r) tends to the same limiting value

Alp for all r . In Fig .l we present the eigenfuction

o lp(r) for few values of E.tG (we keep a (sfr) = 0 .8) . As
we have anticipated above, op(r) flattens at large r
and decreases towards small r faster than the BFKL

Fig . 2 : The intercept ® for PG = 0 .3, 0 .5, 0 .75,1 .0
GeV. The solid curve shows the Collins-
Kwiecinski lower bound.

The corresponding intercepts are shown in Fig .2 . Our
Ana is significantly smaller than the BFKL result (9)
and smaller than the Collins-Kwiecinski (CK) lower

bound [5] A > 3 .6ee
l
/r, which has been derived

using the sharp infrared cutoff of k2 > k.Q . We notice,
that the CK cutoff breaks the initial symmetry of the
BFKL equation, does not give an identical cutoff of
all gluon propagators and is suspect from the point
of view of gauge invariance [6,7].
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Two-body currents in Proton-Proton-Bremsstrablung

A. Mandel, V.Herrmann(* ) . K . Nakayama( '''' )

Nucleon-nucleon bremsstrahlung is a process, where two
strongly interacting nucleons emit a photon : (N i + N2 -t

Ni +N2 +-y) . Since the nucleon in the intermediate state is
necessarily off its mass-shell, this reaction has been con-
sidered as an ideal tool for investigating the off-shell be-
haviour of the nucleon-nucieon(NN) interaction . With the
recent developments, the theory of NN bremsstrahlung re-
action has reached a considerable level of sophistication.
Indeed, nowadays, most of the NN bremsstrahlung cal-
culations include simultaneously various terms regarded
as higher-order corrections : relativistic spin correction,
rescattering or double-scattering, and Coulomb correc-
tion 111 Alen quite recently, toile innuenceoftil e A -isobar

degree-of-freedom in NN bremsstrahlung has been inves-
tigated within a coupled-channel approach [2].
However, despite these developments, virtually all exist-
ing NN bremsstrahlung calculations take into account,
beyond the soft-photon-approximation, only a part of the
total electromagnetic transition current, the so-called one-
body current j ia while the gauge invariant constraints

demand the existance of a second part, the two-body cur-
rent ?B . In the neutron-proton bremsstrahlung reaction,
this latter current (in the soft-photon-approximation) is

known to dominate over the one-body current for en-
ergetic photon productions, while for the proton-proton
bremsstrahlung, its contribution vanishes identically . To

s~hest investigate the 011-ättell behaviour of theCilE NNA , inter-
action using the NN bremstrahlung reaction, one requires
kinematic conditions in which high energy photons are
produced . Therefore, it may be important to take into
account the two-body current contribution even for the
proton-proton bremsstrahlung reaction . It is the purpose
of the present work to investigate the influence to the
two-body current on proton-proton bremsstrahlung ob-
servables.
The effective two-body current 3'2 B should obey the gauge
condition, which is given (under certain restrictions) by

. (P8 + ') = -
(K + V), AIB ~

	

( 1 )

where k is the photon momentum, K the kinetic energy
operator of the two nucleons, V the Nucleon-Nucleon--
Potential, and piB is the on e-body charge density.
The two-body current can be derived uniquely from (1)
only in the soft-photon-approximation . We, therefore, fol-
Iow the feynman diagram prescription to obtain a two-
body current that fulfills the gauge condition (1) in all
orders in photon energy. We consider a complete set of
fe-y-nrnan diagrams that contributes to the bremsstrahlung
amplitude and that is not already included in the one-
body current . By complete we mean, that the two-body
current, derived from this set, in addition to the one-body
current, fulfills eq . (1) . This choice of feynman diagrams

is not unique, since one can always imagine diagrams,
which are gauge invariant by themselves, and therefore
can be added to the two-body current without violating

eq. (1) . An example for these kind of diagrams are the
meson decay diagrams, which have been discussed in ref .

[3 .41.

To investigate the influence of the two-body current to the
proton-proton bremsstrahlung reaction, we restrict our-
selves to contributions of second order in the strong cou-

pling constant and of order, where 7i(In) is the nucleon
momentum (mass) . In this limit one can easily check the
condition (1) explicitly.

For static potentials such as the OBEPQ [5], the set of
pair diagrams (fig. 1) forms a complete set of diagrams in

Fig . 1 : Pair diagrams.

the sense mentioned above. For the non-static potentials
such as the time ordered potential OBEPT [5], in addition
to the set shown in Fig . 1, we include the recoil diagams
(fig .2) . These type of diagrams are a part of the one-body
current that were neglected so far. It turns out, that they
are of minor importance.

Fig . 2 : Recoil diagrams.

Other diagrams, like contact diagrams for the p-meson or
mesonic diagrams are not present for the ppy-reaction in
the considered limit.

These new contributions, derived as described above, al-
low us to investigate effects of the two-body current on
the ppy-reaction . At incident energies below pion thresh-

old (TLab = 280MeV) we compared the predictions for
various bremsstrahlung observables after including the
two-body current based on the OBEPQ and OBEPT po-
tentials . Since the parameters used to calculate these new
contributions, such as coupling constants, meson masses,
and cut-off parameters for the hadronie orrnfactors, are
in general different for different potentials, effects of the
two-body current on the bremsstrahlung observables de-
pend on the potential used . Therefore not only the dif-
ferent off-shell behaviour of the potential, but also the
two-body current must be considered while comparing
bremsstrahlung observables for different NN?potentials.

With increasing incident energy, the influence of the two--
body current becomes more important . Fig . 3 shows the
cross section for TLQI = 400MeV and 0 1 = 0 2 = 30°.
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Here the two-body current clearly enhances the cross sec-
tion at forward and backward photon angles, while around
8 = 90° it reduces the cross section . (at TLab =- 280.11,f eV

the effect of the two-body current on the cross section
is negligible) . The momentum carried by the exchanged

0

	

30 60 90 120 150 180
6 (deg)

Fig . 3 : Cross section at TLab = 400M eV at large nu-
cleon scattering angles with (solid line) and with-
out (dashed line) two-body current.

mesons q'= p""-p ' , where p' (p `) are the relative momenta
of the nucleons before (after) the scattering, is responsible
for this rapid increase of the effect of the two-body current
on the cross section rather than the increase of the photon
momentum . Due to this, one also observes that the effect
of the two-body Curl ent increases as the proton scattering
angles increase.
In conclusion, the present qualitative study indicates that
the influence of the two-body current on proton-proton
bremsstrahlung observables should not be neglected . In
particular, it is important for a valid comparison of the
predictions of different nucleon-nucleon potentials, es-
pecially for spin observables . At larger incident energies,
the effects of the two-body current on the cross section
become generally important. Therefore for a proper de-
scripion of the ppy-reactions above pion threshold, such
as the experiment planned at the COSY facility, not only
the contributions from subnucleoriic dugrtus-of-freedom
(A-isobar) is important, but also the two-body current
seems to become of considerable importance.
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Model for Dynamical Quark Confinement

H. Haberzettl*, C . Hanhart, and S . Krewald

Quantum chromodynamics (QCD) is generally held
to be the fundamental theory of strongly interacting
particles . One of its implications seems to be that
quarks and gluons are not observable by themselves
but only in colorless compound states . Although the-
oretical studies of QCD provide much evidence to
that effect, at present the precise dynamical mecha-
nism of quark confinement from first principles is still
missing [1] . In the absence of such a direct deriva-
tion from the QCD Lagrangian, a number of differ-
ent model approaches have been considered in re-
cent years to achieve confinement . Conceptually ar-
guably one of the most elegant mechanisms to this
end is based on the idea that the quark propaga-
tor should not have a pole, a mechanism which was
proposed already twenty years ago [2] . (For recent
implementations of this approach, see [3], and ref-
erences therein .) We present here a model of quark
confinement along similar lines, with a quark propa-
gator without any singularities for real energies.
This is achieved by making the quark mass a dy-
namical quantity whose energy dependence is such
that the quark cannot go on-shell; it is thus confined
dynamically. In the usual Feynman-type covariant
formulation, this immediately poses problems as to
the existence of spinor solutions of the Dirac equa-
tion and hence as to the meaningful definition of
color current matrix elements . In order to circum-
vent these difficulties and, furthermore, avoid pos-
sible problems with causality, we use here the time-
ordered scattering formalism of ref. [4] which is man-
ifestly covariant under an of shell modification M of
the usual Lorentz transformations L . The transfor-
mation (e', p') = M(e,p) of an arbitrary four-vector
(e, p) describing a cluster with three-momentum p
and off-shell energy e is defined by relating the three-
momenta p' and p in two different frames by Lorentz
transformations involving only the respective on-
shell energies w' and w, i .e ., (w ' , p') = L(w, p), where

w = W (m, p) _ ,/m2 + p2 ,

etc., with m being the mass . The relation between
off shell energies e' and e is then defined by

e - w(m, p) = e ' - w(m , p' ) ,

	

( 2 )

similar to Galilei transformations in Euclidean space.
The modified transformation M, therefore, leave
the difference between on- and of shell energies in-
variant, and reduce to L when going on-shell . We
note that while M appears as a nonlinear transfor-
mation of four-vectors (e, p), it can be understood [4]
as a covariant four-dimensional projection of a linear
five-dimensional extension of the Lorentz transfor-
mation L, i .e ., Minkowski space is a hypersurface of
an underlying five-dimensional manifold whose ex-
tra, fifth, dimension is interpreted as the off-shell

energy variable with transformation properties de-
fined in (2), while the usual Minkowski-space energy
is mapped onto the mass shell.
This of shell extension is essential for ensuring the
existence of spinor solutions of the Dirac equation
even if the quark mass m is to be a dynamical quan-
tity such that e = w is never true . Letting m depend
on the invariant quantity e - w, i.e ., m = m(e - w),
the Dirac equation

--p•ry-m(e-w)) u 0

is immediately seen to admit the usual solutions, al-
beit with the mass depending on the off-shell pa-
rameter e . Moreover, in view of the transformation
properties of (w, p) and e - w described above, eq.
(4) remains covariant.
Defining now the dressed time-ordered quark propa-

gator as having the same form as for an elementary
spin-1/2 fermion, i .e .,

t (e + i0 p) _
e - w(iae, pp) +iv

	

(4 )

where 7 = ~a uxa is the covariant on-shell spin-
1/2 projector, the functional form of the quark mass
can be extracted from the time-ordered version of
the Dyson-Schwinger equation for the dressed prop-
agator, viz.

t =tb +tbE[t]t ,

with tb being the bare propagator and the self-energy
gluon loop E[t] being a functional of t.
In the rest frame where e-w --s E -m, for a vanishing
bare mass, the mass is simply given by E[t] which,
using the rules of ref. [4], is found to be [5]

` o

	

m

	

1FT

	

m(E)= g dq g n ¢

	

, (6 )
dT-" .i0

	

tag .ts q - Wa

where g is the quark-gluon coupling constant and
mg = m(E - q - (i.;q + mg ) and tug = (m2 + g2)1/2

is a coupled system of implicit functions . This equa-
tion provides a highly nonlinear self consistency con-
dition for the dynamical quark mass m(E) written
here as an explicit function of the rest-frame energy
E instead of as an implicit function of the invariant
E -- m. The spinor matrix element Ng is given by

1

	

(
Nq=Tr((1+ry°)YPgEufjv)F

	

(7 )

where 7Q is the on-shell spin-1/2 projector for the
dressed quark with momentum q in the loop, ryu is
the current at the bare quark-gluon vertex and j„ the
dressed current operator with F the corresponding
dressed form factor. Du" is the gluon tensor which is
taken in the Feynman gauge, that is DI' -= -g' '.

(1)

(3)

(5)
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In ref. [5], the dressed vertex in the quark-gluon loop
was approximated by a bare vertex, i .e ., j„ = y„ and
F = 1, and the resulting spinor matrix element Nq
was taken in the infrared limit, which provided Nq
-1 . This was seen to be equivalent to taking into
account only purely Coulombic gluons in the loop.
The corresponding solution of eq . (6) is indeed found
[5] to provide a functional form m(E) for the quark
mass without a fixed point, i .e ., E = m(E) is never
realized and the quark is thus confined dynamically.
On. the real axis, the functional behavior of m(E) is
approximated quite well by [5]

E 1E2
mapprox (E) = 2 + 4 + mo ,

where Ito provides the mass scale ; it can be chosen as
unity. The dynamical mass is thus seen to rise mono-
tonically from zero at -co through unity at E = 0
to infinity at +co, always staying above the line cor-
responding to the pole condition in = E.
Equation (6) corresponds to a nonlinear eigenvalue
condition for the coupling constant . For the approx-
imate case j„ = ry„, F = 1, and Nq = -1, its value
is numerically found to be g 2 /4rr = 4.712 which can
actually be shown [5] to correspond to

92

47r

	

2

if one assumes the vertex to be dominated by soft
gluons.
As far as current conservation is concerned, one sees
immediately that the bare ryu current does not admit
a Ward-Takahashi identity (WTI) since the dynam-
ical quark masses before and after the gluon absorp-
tion (or emission) in general are different and hence
their difference does not vanish . For the spinor ma-
trix element of the dressed current operator j 4 we
may now impose the requirement that its divergence
provide a Ward-Takahashi identity to actually de-
duce its functional form (or at least constrain it to a
large extent) . Making a general ansatz for the current
jA (p, q) in terms of invariants, one finds that

J A (p, q ) = (ice- + ß
	 uq„	

_
	 q ~`pv (p-

q)v (10)
ipmq m~ + mq

where the masses nip and rn, pertain to the quarks
with momenta p and q, respectively . The open pa-
rameter ß cannot be determined by the requirement
of the WTI (see below) . Let us emphasize here that
for the derivation of eq . (10), the existence of spinor
solutions for eq . (3) is crucial . Without an appro-
priate of shell formalism, this would not have been
possible.

Associated with the current (10) one furthermore
finds a dressed vertex F given by

2

	

A2
? ÄE71) -

i2

where . A provides some scale and al e is an invariant

[4],

(12)

which essentially corresponds to the relative velocity
between the quarks before and after the absorption
(emission) of the gluon . Although this form factor
appears to be infrared divergent, it actually is not
since the scale A itself turns out to be it dependent,
viz.

T 2
A=AAo+rp2 ,

where A and A © are parameters . [This form for A is
a convenient parametrization ; a more general form
would be A = Arp 2f with an open function f . It is es-
sential, however, that A vanishes like 112 .] There exists
now a very delicate interplay between the coupling
"constant" g, the form factor F, and the spin matrix
element Nq of eq . (7) . One finds that the coupling
scales with A, i .e .,

g2

	

37r

	

9ö
47rßA2A241 '

in other words, the A dependence cancels altogether
between (11) and (14), and eq . (6) does not depend
on the scale A at all . Furthermore, the 1/x12 singular-
ity from (11) is cancelled by a zero of the remaining
factor in the spin matrix element (7), and everything
remains finite and well defined. This allows one now
to fix the parameter ß by requiring that the resealed
color charge of the dressed vertex for vanishing rel -
ative velocity between the quarks be equal to go [cf.
eq . (14)] . One then has ß = 5/2, and the current (10)
is now completely determined.
Although somewhat different in detail, the resulting
solution of eq . (6) again exhibits the generic con-
fining behavior found in the previous approximate
case . Preliminary results from calculations of me-
son masses generated by one-gluon exchange between
fully dressed quark-gluon vertices described by the
current (10) and the form factor (11) are very en-
couraging. In particular, it is found that the pion
mass comes out to be zero, in accordance with chiral
symmetry.
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Faddeev approach to the octet and decuplet baryons

C. Hanhart and S . Krewald

It is still an unsolved problem, to derive hadronic
properties at intermediate energies directly from
QCD. Therefore suitable models are required, not
only containing the features of QCD considered to
be important, but also allowing to perform practical
calcutations. It is especially of high interest, whether
it is possible to describe both baryons and mesons
with a common set of parameters.
Recently relativistic Faddeev quark-models have
been developed for the baryon octet [1, 2, 3] . We
extended the Faddeev approach to the baryon decu-
plet as well [5] . This was possible via the inclusion
of the axial vector diquark in addition to the scalar
one as it was already performed by Ishii et al . [4] for
the nucleon.
Quark models of the nucleon have to respect chiral
symmetry. The Nambu--Jona-Lasinio (NJL) model
[6] provides a particularly simple implementation of
chiral symmetry as it is reviewed in refs . [7] . As most
relativistic Faddeev models we therefore start from
a NJL-type Lagrangian:

G = 4(iC - mo) q

- G I (9Aikq )(4A 1 q )

+G2 (4A2'q)(4liü 2 q) ,

	

( 1 )

where mo diag(mö , mß, mö), Ai = y ' ®If ®
and 1~2 = y µ y5 ® If ®A~

	

being the Gell-Mann
matrices.
Using the Fierz transformation the interaction can
be expressed in terms of a particle-antiparticle in-
teraction with suitable colour channels

2
( 4Ali)q )(4 A111q )

-y-(colour - octet - terms) ,

	

(2)

where 1i.lil = Ij ®A1 ® F a and a particle-particle
interaction

Li = _ 2 (4A13'Ce)(q"'c -Al3'q )

	

( 3 )

+(colour - sextet - terms) , (4)

where A l3l = ti ®A ® I , with I' s' E {I, i75 } and
I' E {i7', iyF'y5} . The color antitriplet is gener-

ated by tßß .- i Zeaßly . The generators of the flavor

group U(3) F are denoted A by A E {0, . ., S} . The
coupling constants are g = y (G i + G2 ), g° _ ;g,
and g i = 2 g2.
We take into account only the two low lying diquarks
namely the scalar one (I', =

	

and the axial vector
one (IT = 2'yµ ) .

Figure 1 : The Faddeev equation . Greek letters denote
the internal degrees of freedom of a single quark, A,B
stand for the type of the diquark and T stands for
the diquark propagator.

A detailed derivation of the relativistic Faddeev
equations is given in ref. [1], the Feynman graphs
are shown in figure 1.
One has to use the same kind of approximation as
has already been used in the meson case. The es-
sential one is to neglect the three-body irreducible
graphs . This reduces the three-body problem to an
effective two-body Bethe-Salpeter equation with an
energy dependent interaction . To solve the equations
we used the so called static approximation suggested
in ref. [2] and justified in refs . [3, 4] via the compar-
ison of the approximate results with the full calcula-
tion.
The model contains 5 parameters: in addition to the
2 current masses (mä = mg, m) and the 2 coupling
constants (gi, gi) we need a cut off (A) to get finite
results . On the other hand we have 14 observables:
e 4 masses from the baryon decuplet

(m4, Me. , ME-, Me-),
4 masses from the baryon octet

( MN , ME, MA, ME),
s 3 masses from the nonet of the vector mesons
(r n,, raw , rnK , m.p), where the 4> is treated as
pure sä state,
s 2 masses form the nonet of the pseudoscalar mesons
(m7- , mi< )(To calculate the mass of the rl`-meson one
would have to include the t'Hooft interaction) and
a the pion decay constant f;, using the Gell-Mann-
Oaks-Renner relation.
For a given Cut-off we can therefore fix all 4 param-
eters using only mesonic data in contrast to previous
work, where there was at least one purely baryonic
parameter . We investigate the behavior of the spec-
trum in dependence of the constituent mass of the up
quark . The cut off is determined by the NJL gap eqn.
[6] . Note that we have the constraint of m u* > 411
MeV in order to bind the A33(1232).
The deviation of the masses of decuplet and . octet
baryons calculated in our model from the experi-
mental values is shown in figure 2 as a function of
the quark mass. The masses of both nucleon and
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Figure 2 : The deviation of the numerical results from
the experimental data in percent.

A 33(1232) are reproduced within 5 % for quark
masses between 411 MeV and 800 MeV . With in-
creasing quark masses the coupling constants are ad-
justed so that the meson masses remain constant.
This suffices to produce both a nucleon and a delta
mass which show only weak dependence on the con-
stituent quark mass . For a constituent quark mass
of 411 MeV, the masses of the strange baryons de-
viate from the experimental ones by approximately
15 % and one can not improve the agreement with
the data by increasing the quark masses . We checked
that treating the scaling factor a = gä as a free pa-

9;

rameter reduces the maximal deviation from the ex-
perimental masses to 7 %. The fact that the strange
baryons deviate more strongly from the data than
the proton and the delta may be taken as a hint that
the t'Hooft interaction should not be neglected . The
t'Hooft interaction affects the scalar diquarks only
and therefore only the octet baryons.
To summarize, we have shown that the Faddeev ap-
proach to the baryonic sector of the Nambu-Jona-
Lasinio model is able to provide a consistent ..descrip-
tion of both octet and decupiet . .baryons.
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Simple classification of Anal state interaction effects in 4 He(e, e 'p) scattering

A.Bianconi' 2) , S .deschonnek, N .N.Nikolaev3) , B .G.Zakharov3)

Quasielastic (e,e 'p) scattering on nuclei at large
missing momentum p,,, is a relevant tool for investi-
gation of short-distance nucleon-nucleon interaction
(initial state two-nucleon correlations (ISC)) in the
nuclear medium and constitutes an important part of
the CEBAF experimental program [11 . The measured
p,,, distribution is distorted by final state interaction
(FSI) of the struck proton in the target nucleus de-
bris . In the CEBAF range of energies, the radius b °
of the FSI is very close to the radius r~ of ISC. This
makes FSI an important background in the produc-
tion of protons with large pm , which may obscure
the relationship between the observed p,,, distribu-
tion and the ISC.

c 0.0-

,
20 40 60 50 100 120 140 160 ?ä0

angle (degree)

Fig. 1 : The angular dependence of the three most
important components of w(pm ) at pm =
2 fm-1 (lower panel) and at pm = 3fm -1
(upper panel) . The dotted line is the undis-
torted distribution nF(pm) taken from [4],
the dash-dotted line represents the ISC-FSI
interference component w(CF' + CT; p'„,),

the dashed line shows the elastic rescatter-
ing component w(I'T ; p'm ), and the solid line
is the sum of the three contributions.

We have presented simple estimates of the effect
of FSI in 4He(e, e'p) scattering[2] . We show how
FSI leads to an anisotropic p,,, distribution, with

the dominance of FSI effects in transverse kinemat-
ics and significant FSI corrections to ISC effects in
parallel kinematics . This last point can be impor-
tant for the y-scaling analysis . We find a novel effect
of quantum-mechanical interference of ISC and FSI
which gives a large correction to the elastic rescatter-
ing of the struck proton and which must be included
when discussing more sophisticated features of FSI
such as color transparency effects . We concentrate on
the region of 4-momentum transfer squared Q' >(1-
2)GeV2 , which is relevant to the planned CEBAF
experiments [1] . Furthermore, in this range of Q',
FSI can be described by Glauber's multiple scatter-
ing theory [3], which simplifies the evaluation of FSI
effects.
In Fig . 1 we show the angular distribution w(pm)
for two different values of the missing momentum pm
and its most important components at large pm . The
large-p,,, tail of the undistorted distribution np(p,,,)
is borrowed from ref. [4] . For the elastic rescattering
and the ISC-FSI interference we take our results . We
find a prominent signal of the elastic rescattering and
ISC-FSI interference in parallel kinematics . Notice a
significant forward-backward asymmetry of the ISC-
FSI interference component, which is generated by
the real part of the pN scattering amplitude, and also
the unexpectedly large contribution from the elastic
rescattering term at p1 = 0, which comes from the
0-function generated tail of the p, distributions.

To illustrate this general FSI effect, in Fig . 2 we show
what happens if one substitutes for the product
of B(z; - z4 ) and 0(zi - z'4 ) . The distortion effect
becomes stronger at larger pm, leading to the for-
ward and backward peaks alongside the FSI peak in
the transverse kinematics . This could influence the
y-scaling analysis . The sensitivity of these forward
and backward peaks to modifications of the conven-
tional Glauber eikonal Green function to account for
the finite size of nucleons are discussed elsewhere N.
Summarizing the main results, we have presented a
simple classification of FSI effects compared to the
ISC effects . The anisotropic angular dependence of
the elastic rescattering and ISC-FSI interference ef-
fects compared to the isotropic momentum distribu-
tion in the PWIA is a striking signature of FSI ef-
äects .:

An important finding is that apart from the peak
at 90°, distortions by FSI lead also to forward and
backward peaks, which slowly build up with increas-
ing missing momentum pm . We found a large contri-
bution to the pm distribution in transverse kinemat-
ics from the novel effect of the quantum mechanical
interference of FSI and ISC effects . The considered
aspects of ISC and FSI were not discussed in previ-
ous work on FSI and ISC effects in inclusive A(e, e'p)

scattering.

Our results suggest that the experimental separa-
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Fig . 2 : The angular dependence of the elastic rescat-
tering term w(r'r ;p',,) including the product
B(z, - z 4 ) and 8(4 - z4 ) (solid line) and re-
placing the product of the B -functions by
(dotted line) for p„ = 2 f m -1 (lower panel)
and p,,, = 3f -' (upper panel).

tion of the FSI and ISC effects is more difficult
than thought before . The expansion parameter of the
problem e, r c /Ro is not very small, and more detailed
numerical analysis with allowance for the tensor cor-
relation function and the D-wave in 4He are called
upon to establish the sensitivity to models for the
correlation function.
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Final state interaction effects in D(e, e ' p) scattering

A .Bianconi' .23 , S .Jeschonnek, N .N .Nikolaev3 , B .G .Zakharov 3)

There is a basic necessity of the knowledge of the
nucleon momentum distribution n(p) in nuclei, in
particular at large momenta, for it provides unique
information on short-distance nucleon-nucleon inter-
action (initial-state N-N correlations ISC) in the nu-
clear medium . A quantitative understanding of the
final-state interaction (FSI) effects is crucial for dis-
entangling n(15) from the missing momentum dis-
tribution W(p"„i ) as measured in inclusive A(e, e 'p)
scattering in quasielastic kinematics . In a paper [1]
on 4 He(e, e'p) scattering we found that at large miss-
ing momenta pm , which are usually believed to come
from the ISC effects, the FSI effects are large and
overwhelme the ISC effects . In [1] the FSI was shown
to produce a strong angular anisotropy of W(pm),
which at large pm develops a sharp peak in trans-
verse kinematics, at 8 -- 90°, two minor peaks at
9 = 0° and 180° in parallel kinematics and a siz-
able backward-forward asymmetry (here 0 is the an-
gle between the missing momentum and the (e, e' )
momentum transfer q)).

To generalize these results and get a deeper insight
into them, a systematic study of the D(e, e'p)n un-
polarized scattering was performed [2] . Prediction of
FST effects in this process is of great interest on its
own sake, as experiments with the deuterium tar-
get constitute an important part of the experimental
program at CEBAF [3] . Other motivations are that
(i) in the region of dominance of ISC effects, the mo-
mentum distribution for heavy nuclei are expected
to closley resemble that in the deuteron [4] ; (ii) the
realistic models of the deuteron [5] allow an accurate
evaluation of FSI effects in the longitudinal missing
momentum distribution which is important for the y-
scaling analysis [6] ; (iii) one can assess differences be-
tween FSI effects for the S and D waves in the initial
N- N pair . Despite the deuteron being a dilute tar-
get, we find large FSI effects at p,,, > 1 .5 fm-1. At the

large Q 2 > (1-2) GeV 2 of the interest in the OEBAF
experiments, the kinetic energy of the struck proton
Tkn Q 2 /2mp is high and FSI can be described
by Glauber theory [7] . In our analysis of D(e, e'p)
scattering in the few-GeV region we have found that
FSI effects completely dominate the observed miss-
ing momentum distribution ifi(p",,,) at high p, (over
-1 .5 fm -1) (see Fig .l) . They produce a marked
angular anisotropy in W (pm ), consisting in a dip
at - 90 ° (in transverse kinematics) for pm -(1-

1 .5) fm` 1 , and a prominent peak at the same angle
for larger pm (see Fig .2) . This anisotropy is mostly
due to the FSI distortions of the S-wave contribu-
tion . The anisotropy effects in the D-wave contribu-
tion are also sizable, but much smaller than in the
S-wave contribution . The D-wave contribution re-
mains the dominant component for p,,, > 1 .5 fm- in
parallel kinematics . One of the points we addressed
in more detail are forward and backward peaks in
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Fig . 1 : The missing momentum distribution W(m)
vs . p m and its decomposition into (a,c) the
S and D-wave contributions and (b,d) into
the PWIA and the rescattering contributions

P*I' at (a,b) 9 = 0° and (c,d) a = 90°. In
panels (b,d) the full distribution W(pm) (the
solid curve) includes also the contribution
o: (I"+I') from the interference of the PWIA
and FSI amplitudes, which is not shown sep-
arately.

W(p'm), which have their origin in the idealized step-
function factor 8(z) in the eikonal Green function
derived [7] under an implicit assumption of pointlike
nucleons (z is the longitudinal separation of nucle-
ons) . We analyzed the sensitivity of the forward and
backward peaks to the smearing of the B-function to
account for the finite size of nucleons and conclude
that predictions at p,, 3fm- i are free of uncertain-
ties with the smearing . Another interesting quantity
is the p1-integrated, longitudinal missing momen-
tum distribution F(pz ) = f d2 p"1W(P1, pz) . In the
PWIA, FpwIA(P2) = f d 2 51n(pl , y) is related to
the asymptotic y-scaling function [6] . In Fig . 3 we
show the ratio L?(pz ) = F(pz)/Fpu'JA (pz) . At larger

Ps > 1 .2 fm° 1 , the contribution from FSI enhances
F(pz ) by --(30-40)% as compared to the PWIA dis-
tribution Fpw ta(p2 ) . At large Q2 > 2GeV 2 and
Tkin = Q2/2mp .> 1 GeV, the proton-neutron total
cross section is approximately constant . Therefore,
this large FSI effect in r (pz ) should persist at large

Q 2 » 1 GeV' and should be taken into account in
the asymptotic y-scaling regime, too . The departure
from the PWIA further increases at pz > 3fm-1 , but
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Fig . 2 : The angular dependence of (solid curve) the
missing momentum distribution W (p,,,) and
of its (dotted curve) S-wave and (dashed
curve) D-wave components at different val-
ues of the missing momentum pm .
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Fig . 3 : (a) The longitudinal missing momentum dis-
tribution F(pz ) calculated with full FSI (solid
curve) and in the PWIA (dashed curve) . (b)
The ratio of the full F(p z ) .to the PWIA dis-
tribution FPWIA (p,)

the quantitative description of FSI in this region of
pm requires improving upon the Glauber approach,
which goes beyond the scope of our investigation.
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Vector Resonances and Electromagnetic Nucleon Structure

R.A .Williams*, S .Krewald, and K.l .inen *

Recently, the proton magnetic form factor has been
determined in the time-like region by measuring the
exclusive cross section for proton-antiproton anni-
hilation into the electron-positron final state . The
new data has been obtained for momentum trans-
fers in the region 8 .9 Gel -2 < q2 < 13 Gel'' (Fer-

milab E-760) [1] and in the vicinity of the proton-
antiproton threshold (LEAR PS170) [2] . The new
Fermilab E-760 data confirm the predictions of per-
turbative QCD for the slope of magnetic form factor
in the time-like region . The vector meson dominance
(VMD) model [3, 4], on the other hand, predicts a
slope of the magnetic form factor of the proton at
the proton-antiproton threshold which is about five
times smaller than the the new Low Energy Antipro-
ton Ring ( LEAR) data. Given the apparent failure
of the vector meson dominance model and the suc-
cess of pQCD, the data have been used to derive a

running coupling constant in the time-like region [1].

We want to point out that the vector dominance

model works quite well, if one includes the effects of
excited vector meson resonances on the electromag-
netic form factors, We employ a hybrid vector me-
son dominance formalism which is a generalization
of the model developed by Gari and Krumpelmann
[5]. The model provides a smooth transition from the
low -q 2 behaviour predicted by vector meson domi-
nance to the high-q 2 scaling behaviour predicted by
perturbative QCD . The essential contribution of this
work is to incorporate both time-like and space-like
nucleon form factor data to determine the role of ex-
cited vector resonances . Details of the model can be
found in [6].

In Fig .', we display the result for the magnetic form
factor of the proton. The parameterization gives a
good account of the available data . The electric form
factor of the proton and the magnetic form factor of
the neutron are reproduced in a comparable quality
[6]. We find that the behaviour of the data just above
the pp threshold is due the rv ' (1600) and p'(1700) res-
onances. Close to q 2 5GeV 2 , the form factor levels
off. We assign this unusual behaviour to the effect of
the w" and p" mesons which are not yet established
experimentally. Masses of 1 .85 GeV and 2 .15 GeV
were therefore assumed for these mesons . Since the
model is able to describe both electric and magnetic
form factors of the proton and the magnetic form fac-
tor of the neutron, we investigated whether the new
data help to constrain the electric form factor of the
neutron . We found that the excited vector mesons
play a negligible role in the space like region . The
electric neutron form factor depends significantly on
the coupling strength of the phi-meson . A detailed
discussion of the effect of the phi-meson on the elec-
tric form factor of the neutron can be found in [6].

in conclusion, we have shown that the excited vector
mesons are required in order to account for the puz-

-10

	

-5

	

0

	

5

	

10

	

15

n Z rf iPV 2 1
-~ . --

	

.

Fig . 1 : Proton magnetic form factor

zling threshold behaviour of the form-factors in the
time-like region.
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Real versus "virtual" pion scattering off l2C in the resonance region

B . %ärfgen, F . Osterfeld and T. Udagawa4

Previously we have analyzed data of pion- and
photon induced reactions off 122C in the reso-
nance region [1, 2, 3] . In this report we present
a comparison of our results for elastic pion scat-
tering, coherent pion photoproduction and coherent
pion production from a charge exchange reaction
12 C(3He,t ir¢)'2C(g .s .).

In the charge exchange reactions the target is ex-
posed to the virtual pion- and rho-meson fields pro-
duced by the projectile-ejectile system. The pion-
like interaction excites the spin-longitudinal (LO) re-
sponse function of the target while the rho-meson-
like interaction excites the spin-transverse (TR) re-
sponse function . Due to the kinematics the virtual
meson fields obey the energy-momentum relation
w < q and thus explore the LO and TR. response
functions in an (w, q") region which is unaccessable to
real pion and photon scattering . The two responses
can be experimentally separated 'ji._ . measuring trifehe
exclusive 12 C( 3 He,t r+)12C(g .s.) reaction . This reac-
tion triggers selectively on the LO channel . In Fig . 1
(a) we show the measured data of Hennino et al . [4]
and compare them to previously [3] calculated angu-
lar distributions . The solid curve is the result from
both LO and TR. excitation . It turns out, however,
that the contribution of the LO excitation to the
pion production cross section is dominant while that
of TR excitation is suppressed because of the unfa-
vorable TR-LO channel mixing (see Fig . 2 (a)) . The
shape of the angular distribution is strongly forward
peaked. This is an effect of the spin structure of the
excitation (SI . q) and de-excitation (S - 4;1 ) opera-
tors involved in the LO channel . The product of both
operators is proportional to qq. cos 0, and peaks at
$,; = 0° . In Fig . 1 (b) we show the corresponding elas-
tic pion cross section at an appropriately chosen inci-
dent energy . One observes the direct proportionality
between the coherent pion production cross section
of Fig . 1 (a) and the elastic pion cross section of rig.
I (b) . We remark that the coherent pion production
process in the 12 C(3 lle,t r+)L2C(g .s .) reaction can be
viewed as `virtual' pion scattering off 12C where the
initially off-mass shell pion is converted into an on-

mass shell pion when the pion is emitted from the

nucleus . The momentum needed to lift the pion on
its mass shell is provided by the recoil nucleus.

In Fig . 2 we show angular distributions for the
spin-transversely excited coherent pion production in
charge exchange reactions (a) and for the pion pho-

toproduction M . Because of the (St x q) structure
of the excitation operators the calculated angular
distributions (solid curves) are now proportional to
(qq' ) 2 sine 0, and vanish at 0 R = 0° . This property is
directly confirmed by the pion photoproduction data
[6] . It can be noticed that the calculated TR angular
distribution in Fig . 2 (a) peaks at a slightly smaller
angle than the angular distribution of the pion photo-

9 t (d eg)

Fig . 1 : Angular distributions of coherent pions for (a)
the 12 C(31-le,tir+) 12 C(g .s.) reaction at Tu e =

2 GeV and for (Li) the elastic pion scatter-
ing off 12 C at T; = 120 MeV. (a) The solid
curve represents the result of the complete
calculation . The data are taken from Ref. [4].

(b) The solid curve represents the calculated
elastic pion cross section . The data are taken
from Ref. [5].

production in Fig . (b) . The reason for this is twofold:
on the one hand the charge exchange reaction in-
volves a larger momentum transfer than the pion
photoproduction . Therefore the nuclear form factor
suppresses the cross section at higher pion angles in
the charge exchange reaction . On the other hand the
( 3He,t) formfactor also cuts off the cross section at
high momentum transfers, whereas the -/NA ..cou-

pling is pointlike.

In Fig. 3 we compare the 12C( 31-Ie,te) 12 C(g .s .) co-
incidence cross section with the measured data of
Hennino et al . [4] . The solid and the dashed curve
represent calculations with Landau-Migdal parame-
ters of g® 6, = 0 .33 and 94,o = 0 .4, respectively . We

find that both the magnitude and the peak position
of the calculated cross section are very sensitive to
the choice of the gop parameter . While the solid
curve reproduces the magnitude of the measured co-
herent pion production cross section very well [3] the

dashed curve was multiplied by a factor of 1 .5 to
match the data . The energy shift AE between both
curves is directly proportional to the change in göo,
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Fig . 2 : Angular distributions of coherent pions for ( a)
the 12 C(3He,t ;r+ ) 12 C(g .s .) at T11, = 2 GeV
and for (b) the coherent pion photoproduc-
tion on- 12C. (a) The solid curve represents
the contribution to the pion production cross
section resulting from the TR excitation of
the nucleus . (b) The data for coherent pion
photoproduction are taken from Ref . [6] . The
solid curve represents the result of our calcu-
lation .

Fig . 3 : Pion coincidence spectrum for the 12 C(3He,t)
reaction at TRe = 2 GeV and triton scatter-
ing angle O t > 2° . The data are taken from
Ref. [4j . The solid and dashed curves repre-
sent cross section calculations with Landau-
Migdal parameters of ga A = 0.33 and g®o =
0.4, respectively . The dashed curve has been
multiplied with a factor of 1 .5 in order to com-
pare the peak positions.

namely AE ®gam® (he ?N®/m, ) po with po = 0 .17
fm' being the central nuclear density. The propor-
tionality of !SE to po is due to the fact that the coher-
ent pions come from the nuclear interior . The (3He,t)
kinematics forces the pions to travel into the direc-
tion of the momentum transfer q. Therefore most
of the coherent pions are detected in this direction.
By changing the triton emission angle and the triton
energy loss one can vary q and w and can map out
the energy and momentum dependence of the AN -1
residual interaction.
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The 12C(ir+ ,pp) 10B reaction

B. Körfgen, F . Osterfeld, and T. Udagawa*

In an other contribution to this annual report we
have shown that the energy shift observed in the
cross section of inclusive charge exchange reactions
is due to a coherent medium effect on the spin-
longitudinal response function . The medium effect
produces a coherent pion wave in the nucleus . The
pion wave is damped by the coupling to various re-
action channels one of which is the two proton decay
channel . In the 12C( 3 11e,t2p) 10B reaction the cou-
pling of the pion wave to the 2p decay channel was
represented by a spin-isospin dependent zero range
force . By comparison of the calculations to the 2p
decay cross section data an interaction strength pa-
rameter of Vo = 220 Ii,1eVfm3 was extracted . It is
an important question whether this paprameter is
consistent with data of the 12 C(T- ¢ ,pp) 1 °B reaction.
Therefore we have analysed this reaction within the
A-isobar model at a pion kinetic energy of T0.= 165
MeV [1].

In Fig. 1 we compare our calculations for the
12C(or + , pp) '0B reaction with the data [2] . The three-
fold differential cross section is plotted versus the an-
gle of the second proton, where the first proton was
detected at pp: = 130° . The dashed curve shows the
result of the calculations with VAN, © N = 0 while the
solid curve shows the result with V® N,AN 0 0 . The
dotted curve shows the result with additional inclu-
sion of the distorsion effects on the protons.

The inclusion of the residual interaction .results in
a reduction of the cross section by a factor of as 4.

-y.9 P 2 (deg .)

F .aior	 ~.1 . • Twrnfnlrl dife.rential	
U...ss section

	

ther for.. the
12C(rr+,pp)10B reaction as function of the an-
gle of the second proton, where the first pro-
ton was measured at Op : = 130° . The data are
taken from ref. [2] . The dashed curve shows
the result of our calculation with VAN,AN =
0, the solid curve the result with VAN,AN 0 O.
The dotted curve represents the result with
VAN,AN 0 0 and inclusion of distortion ef -
fects on the outgoing protons .

Fig. 2 : Threefold differential cross section for the
12C(x¢ pp)10B reaction as function of the ki-
netic energy of the proton, which was mea-
sured at Op i = 82 .5° . The angle of the second
proton was fixed at O.,?. = -70° . The dashed
curve shows the result of our calculation with
VAN,AN = 0, the solid curve the result with
VAN,AN 0 0 . The dotted curve represents the
result with VAN,AN 0 0 and inclusion of dis-
tortion effects on the outgoing protons . Our
calculation with inclusion of VANAN (solid
curve) was normalized to the counting rate
from ref. [2].

The distortion of the two outgoing protons leads to
a further reduction of the cross section by a factor of
-- 2 . The calculation with inclusion of all distortion
effects corresponds . to a lower limit of the 2p decay
cross section.
In Fig . 2 we show again results for the 12C(7?,pp) 10 B
reaction, where the experiment was performed in
coplanar geometry with the angle of proton I fixed at
Bp i 82.5° and that of proton 2 at 0pz = -70° . Since
the data from ref. [2] are only counting rates, our cal-
culation with inclusion of VAN, ® N (solid curve) was
normalized to these . Therefore we can not compare
the absolute magnitude, but we describe the varia-
tion with the kinetic energy of proton I rather well.
The good agreement between our calculation and
the data shows that the coupling strength Vo = 220
MeVfm3 is a good choice and is in agreement with
the result from the i2C(3He,t2p)°B .experiment.
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The 12C(7,pir ) 11C reaction

B. Körfgen, F . Osterfeld, and T . Udagawa*

Pion and photon induced nuclear reactions in the
A(1232) resonance energy region contain different
information on the behaviour of the A in the nu-
cleus [1] . While the photon cross section (eyA/A) is

found to be practically independent of the nuclear
mass number A, the pion cross section does show a
strong A-dependence . In particular, the peak posi-
tion of the pion-nucleus total cross section is system-
atically shifted downward in energy with mass num-
ber A relative to that of the free irN system . This is
a result of the different spin structure of the a-NA
and 7NA couplings . The former is spin-longitudinal
and proportional to g - T while the latter is spin-
transverse and proportional to g x T (where S
and T are the spin and isospin transition operators,
respectively ; T is the pion or photon momentum).
Therefore in pion scattering the probe strongly cou-
ples to the virtual pion field inside the nucleus, which
in our formalism is described by the AN -1 residual
interaction . This strong coupling leads to pion mul-
tiple scattering inside the nucleus producing the en-
ergy shift and broadening in the elastic pion-nucleus
cross section . In photon-induced reactions, however,
the multiple pion scattering is strongly suppressed
since the 7N,. and inNA couplings are orthogonal
to each other . Therefore the coherent it propagation
is greatly inhibited in q direction . This makes the
photon a good probe to selectively study the propa-
gation of the A in the medium, i .e . to investigate the
A-nucleus mean field without the effects due to pion
multiple scattering.

In this report we use the 12C(7,pl-)11C reaction to
investigate the A propagation in the nuclear mean
field . In the analysis of the data we have to keep in
mind, however, that the reaction mechanism of the
(7, pir- ) reaction involves nucleon Born terms and A
terms [2, 3) . The nucleon Born terms are large, actu-
ally often larger than the z terms . Therefore the in-
formation on the A propagation might be covered by
the cross section contribution due to the Born terms.
We remark that most calculations for the (7,ptr )
reaction assume a free A propagator . In the present
report we only calculate the contributions of the A
terms to the cross section including the A mean field
effect and compare them to results of ref. [3] with a
free A propagator.

The nuclear reaction formalism and the nuclear
structure aspects of the problem are described in refs.
[4] and [2, ä].

In Fig . 1 we show the results for the i2C(7,prr- ) 11 C
reaction at an incident photon energy of Ey = 380
MeV. The threefold differential cross section is plot-
ted versus the kinetic energy of the outgoing proton.
In the coincidence measurement the decay proton
and decay pion were measured in coplanar geometry
keeping the proton and pion angles fixed at 9, = 20°
and 9 = -120°, respectively, The upper part of the

T
P

(M eV)

Fig . 1 : Threefold differential cross section for the
12 C(7,pfr - ) 11C reaction as function of the ki-
netic energy of the outgoing proton . The data
are taken from ref. [5] . The upper part of the
figure shows the photon absorption on a 1 ) 3/2
neutron, the lower part the absorption on a

s1/2 neutron. The solid curves show the re-
sults of our calculations, the dashed curves
the results of ref. [3] including A contribu-
tions and Born terms . The dotted curve rep-
resents the result of [3] with A contribution
alone.

figure shows the cross section for the photon absorp-
tion on a p3/2 neutron and the lower part shows the
corresponding result for the photon absorption on a
s1/2 neutron. The distinction between the s shell and
p shell photon absorption is experimentally possible
since energy-momentum conservation

E7 + MA = Ep + Ex + EA_ i - Es

ky =

allows for the determination of the separation energy
Es of the neutron in A . In Eq. (1) E, = .JM + q
is the total energy of particle i(i

	

A - 1, p, ;r),
is its rest mass, and qi is its momentum . In impulse
approximation the unobserved momentum qm ; $s is
equal to the negative momentum of the bound nu-
cleon before the photon absorption, i .e . gmi8s _ -q; .
In this approximation we may write

+q'i=T~=Tp+T$

	

(2 )

4'p + ga + gmiss

	

( 1 )
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Tp	eV)

Fig. 2 : 1 Qm{as 1 as function of the kinetic energy of the
outgoing proton for the 12 C(7,p7r- ) 11 C reac-
tion . gmiss is calculated with help of Eq . (1).

where g® is the momentum of the A. For a given
kinetic energy Tp of the decay proton we find E. _
E. -Tr+Es and pi. = VE2 - rre~ . By variation ofTp
for fixed pion and proton angle we can vary j5 . There-
fore the threefold differential cross section of Fig . 1

measures the momentum distribution of the neutron
wave function via the (7, pw ) reaction mechanism.
Insofar the reaction mechanism is dominated by the
A terms the cross section also includes information
on the momentum distribution of the A wave func-
tion.
From Fig . 1 we recognize that the cross section for
photon absorption on the P3/2 neutron shows two
maxima while that that for the 51/2 neutron has only
one maximum . This is an effect of the kinematics of
the reaction . In Fig . 2 we show I„iS83 I as func-
tion of Tp . It can be recognized that I 1 is

large for small proton energies, that it has a mini-
mum for Tp =125 MeV, and that it is growing again
at higher proton energies . We find that the mini-
mum of I gmis, 1 corresponds to the maximum in
the s1/2 neutron cross section . This is immediately
understandable from the momentum distribution of
the s1/2 hole wave function which has its maximum
value' at q; = -q t5,s = O . The situation is . a little
more complicated for the 7 absorption on the p3/2
neutron . The P3/2 hole wave function has its max-
imum near 1=j 4r„:as 1= 110 MeV/c. From the
kinematic conditions of Eq. 1 we find that the value
of j g,,, ;83 I= 110 MeV/c can be met by proton en-
ergies of p = 90 MeV and TP = 180 MeV, respec-
tively. In the first case kry and the momentum of the
struck nucleon, p;, point in opposite direction while
in the second case they point in the same direction.
Therefore a A° created in the scattering process re-
ceives a relatively . small momentum . Pa for Tp = 90
MeV and a large momentum .for Tp = 180 MeV. The
cross section ratio between both kinematical situa-
tions should contain information on the A propaga-
tion in the nucleus .

In Fig . 1 we compare our cross section calculations

for the (7,p7r- ) reaction via intermediate A° excita-
tion (solid curve) with a corresponding calculation of
Johansson and Sherif (dotted curve) [3] . The differ-
ence between both calcualtions consists in the choice
of the A propagater . We consider the A propaga-
tion in the nuclear potential while Johansson and
Sherif use a free A propagator . We observe' a strong
reduction in cross section with our propagator . The
dashed curve is again a result of Johansson and Sherif
including both the nucleon Born terms and the A
terms in the reaction nechanism . From the relative
enhancement between the dashed and the dotted
curves one can estimate the importance of the nu-
cleon Born terms for the (7, pr -) reaction . All calcu-
lations shown in Fig . 1 consider the nuclear distorsion
effect on the final proton and pion wave functions.
In conclusion our calculations within the A-hole
model show that by consideration of the A prop-
agation in the medium the quasifree decay of A's
with small momentum (Tr = 90 MeV) are favoured
relative to the quasifree decay of A's with large 3-
momentum (Tp = 180 MeV).
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The 12 C(7r + , p7r+ ) 11 B reaction

B . Körfgen, F . Osterfeld, and T . Udagawa*

In the preceding report we found that in the
12 C(y,p7r- ) 11 C reaction the reaction mechanism is
dominated by the nucleon Born terms and that the
A terms are relatively small . In the 12 C(7r+ ,prr+ ) 11 B
reaction, however, the situation is known to be just
the opposite in the sense that the reaction mecha-
nism is now dominated by the A terms and the nu-
cleon Born terms are suppressed . As a new feature,
however, in pion-induced reactions the multiple scat-
tering of the pion inside the nucleus becomes very
important . Since we describe the pion propagation
in the A-isobar model on a quantitative level we ob-
tain a good description of the 12C(a.d- prr+ ) 11B data
[1I

In Fig. 1 we compare our calculations for the
12 C(7r-t ,prr+ ) 11 B reaction with data at T, = 245
MeV [2] . The angles of the outgoing proton and
pion were taken in coplanar geometry and fixed at

= 17,5° and O . - -130° . In the experimen-
tal data no distinction between the pion absorption
on the s 1/ 2 and P3/2 protons was made . In Fig . 1
the threefold differential cross section is plotted ver-
sus the kinetic energy of the outgoing proton . The
dashed curve shows the result of the calculations with

V6,N.®N = 0 while the solid curve shows the result
with V®N,AN 0 O . The dotted curve shows the result
with additional inclusion of the distorsion effect on
the proton and pion wave functions.

By the comparison of the calculations with and with-
out inclusion of V®N,AN we recognize that there

TP (MeV)

Fig . i1- Threefold differentials cross sect ion for the
12C(irt,prr+)11B reaction as function of the
kinetic energy of the outgoing proton . The
data are taken from ref. [2] . The dashed
curve shows the result of our calculation with

V®N,AN = 0, the solid curve the result with

17©N AN � O . The dotted curve represents
the result with VVN,oN 0 0 and inclusion of
distortion effects on the outgoing proton and

pion .

(M eV)

Fig . 2 : Same as in Fig . 1, but the angles of the outgo-
ing proton and pion were fixed at Bp = 37 .5°

and 9,, = -130°.

is a strong effect of the residual interaction on the
quasifree decay cross section . In the calculation with
inclusion of V N,®N the cross section is by about a
factor of 2 .5 smaller than in the calculation with-
out inclusion of VAN,AN . Obviously we obtain a good
description of the data in the former case . The strong
reduction in cross section is a result of the multiple
pion scattering in the nucleus . The reduction factor
of - 2 .5 is not too surprising since it is comparable
to the reduction factor of ea 4 observed in the to-
tal pion-nucleus cross section. The inclusion of the
distortion effects on the outgoing proton and pion
leads to a further reduction of the cross section by
a factor of re, 3 . We used the optical potentials, as
derived from elastic proton-nucleus and elastic pion-
nucleus scattering . In this way we probably overes-
timate the absorption and thus obtain a lower limit
for the 12 C(rr+ ,prr+) 11 B cross section.
In Fig . 2 we show the threefold differential cross sec-
tion for the reaction i2C(,.±,pr±) "B at T = 245
MeV. The angle of the outgoing proton corresponds
here to 8 = 37 .5° and 9, _ - 130° . Again we ob-
serve a reduction of the cross section by a factor of
- 4 due to . the residual interaction and by a fur-
ther factor of - 2 due to the distorsion . We obtain a
good description of the data even in this case where
we chose an unfavoured combination of proton and
pion angles.
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The 1'-C(3 Lie,tpir+ ) and 12C(3 e,tpp) coincidence reactions

P. Oltmanns, F . Osterfeld, and T . Udagawa 4

Recently, new information on the A propagation in
nuclei has been obtained from intermediate energy
(311e,t) charge exchange reactions[l, 2] . Similar to
the w-nucleus total cross section data, the inclusive
cross section data of the charge exchange reactions
show also a substantial downward energy shift of
the A resonance in nuclei . The analysis of the data
shows[3, 4, 5, 6] that a large part of this shift is due to
a nuclear medium effect on the spin-longitudinal re-
sponse function . The medium effect is caused by the
strongly attractive energy (w)-dependent 7r-exchange
interaction VAN, aN between A-particle nucleon-hole
(AN-1 ) states in the nucleus . This interaction pro-
duces a coherent pion wave in the medium.

The damping of the coherent pion wave can be
studied by measuring the various decay channels.
In the following we discuss the 12 C( 3 Lle,tprr + ) and
12 C( 3 lle,tpp) coincidence reactions . In Fig . I (a) and
1 (b) we show the corresponding coincidence spectra
measured by Ilennino et aL at Saclay in Paris[2] . In
Fig . 1 (a) we compare the results of our microscopic
12 C( 3 lle,tp7r ¢ ) decay calculation with the data . The
calculations are performed by projecting the many-
body A -nucleus wave function onto the pr + decay
channel using a microscopic model for the decay ma-
trix elements . The model includes the distortions of
the outgoing pion and proton . The decay interaction
is fixed from the free decay width of the A reso-
nance . Without any further adjustment we produce
the solid curve in Fig . 1 (a) . We remark that we see
no effects of the VaN,aN residual interaction in the
p7r+ decay cross section . This indicates that the par +
events come from the nuclear surface and carry no
information of the. coherent pion propagation in the
nuclus.

In Fig . 1 (b) we compare our microscopically cal-
culated f 2 C(3lle,tpp) coincidence spectrum with the
data of Hennino et al.[2] . The microscopic model for
the 2 p decay includes the distortions of the outgoing
protons and assumes that the A±N- N+N decay
interaction can be approximated by a pointlike in-
teraction with a strength of V0 220 MeV fm 3. With
this single parameter we can reproduce the experi-
mental data in Fig . 1 (b) . Two calculations are com-
pared with the data : The solid curve shows the result
of our calculation with inclusion of VIN,.N, while
the dashed curve shows the result without inclusion
of the residual interaction, respectively . The resid-
ual interaction shifts the 2p decay spectrum down
in energy by 20 MeV relative to the result with
VAN ,aN = O. This is so since the two protons carry
in average 100 MeV kinetic energy and thus suffer
from little distortion . Therefore they can come out
from the nuclear interior and carry information on
the coherent pion propagation.

In conclusion we have shown that the existence of the
coherent pion wave in the nucleus, as measured in

Fig . 1 : Coincidence spectra-for the 12 C( 3 ILe,t) reac-
tion at THe - 2 GeV and triton scattering
angle 9l - 0° . (a) The 12 C(3lle,tprr+ ) data[2]
in comparison with the result of our calcula-
tion . (b) The 12 C( 3 1le,tpp) reaction data[2].
The solid and dashed curve show the results
with and without inclusion of the residual in-
teraction, respectively.

intermediate energy charge exchange reactions, has
also an appreciable effect on the 2p decay spectrum.
The pnr-+ spectrum is unaffected.
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yy-Physics at LHC Energies

A. Aste' , G . Baur, K . Hencken2 and D. Trautmann2

Extremely strong electromagnetic fields of extremely short
duration accompany the passage of nuclei colliding at LHC
or RHIC energies . The production of dileptons, especially
e}e pairs („QED electrons") is most conspicuous.

Electromagnetic pair production with e' capture is
calculated in Ref. 1. This is also useful for the
consideration of luminosity decrease at the LHC (Pb-Pb)-
collider. The Weizs8cker-Williams method is not generally
applicable for the case of e+e production. This is

essentially due to the low mass of the electrons, m e < ,

where R is the nuclear radius . In the external field
approximation, differential probabilities for e ¢e pair
production

	

c ~are calculated [21 for 9b=(1 using g the method of
`">

	

•

Feynman integrals.

For very heavy systems, lowest order perturbation theory is
not justified, and multiple pair production must be taken
into account [3] . E .g . for Pb-Pb collisions at LHC energies,
about 3-4 e'e pairs (mainly soft ones) are produced on the
average in one collision, at impact parameters ranging
from 0 up to about the Compton wave length of the
electron (?=386 fm) . The impact parameter dependence is

calculated in Ref. 4, using Bessel transformation and
Feynman integral methods. Similar results were recently
also obtained by Güclü et al . [5] using Monte Carlo
techniques.

Fig . 1 : The yy-luminosity function as a function of the

invariant mass Wyy. We take the following collider
parameters (L is the luminosity in units of cm 2s ' ,

Eb the beam energy) . LEP200 ; L=10 J2

E b=100 GeV, p-p : L=10 33 , Eb=7 TeV. Ca-Ca:

L=5 .103°

Eb=3,5 TeV/A, Pb-Pb : L=540 26, Eb=2.76 TeWA .

In Fig . 1 yy luminosity functions for various colliders are
shown as a function of the invariant mass W r of the yy-

system . It can be seen that Ca-Ca collisions at the planned
LHC would be of great interest for photon-photon physics.
At the high energy end (Wyy around 200 GeV) the p-p
collisions become competitive . In this case, also substantial
inelastic contributions, due to the incoherent radiation
from the quarks is expected [6] . This will not be the case
for the heavy ion collisions [7,8].
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Double-Dipole Excitations in 4-0ca

S. Nishizaki* and J . Wambach

In peripheral heavy-ion collisions at relativistic bombard-
ing energies 1 GeV/nucleon the double-giant-dipole
resonance (DGDR) is strongly excited [1] . The physical
reason is a strong longitudinalfocusing of the electromag-
netic field in the target rest frame. This greatly enhances
the field intensity in the vicinity of the target nucleus thus
increasing the probability for two-photon absorption from
the ground state.
Most simply, the DGDR is understood as a two-phonon
excitation (with J' = 0+ , 2 + in a spherical nucleus)
which, in the harmonic limit, is located at twice the gi-
ant dipole resonance (GDR) energy. This expectation is
largely confirmed by experiment [1] . On the other hand,
the single-dipole state

z

	

I D) _

	

4 ri 1 0 ),

	

(1)

as well as the double-dipole state

T
n 10),

	

(2)

are not eigenstates of the nuclear Hamiltonian and hence
acquire a width. Here the experimental situation is less
clear and values for rDGDR are observed which are brack•
eted by VrGDR and 2I-`GDR [1] . The lower value is ex-
pected from a folding of two Gaussians while the larger
width results from the folding of two Lorentzians (recall
that the Lorentzian gives a good fit to the total photoab-
sorption cross section).
To reach a quantitative understanding of the DGDR char-
acteristics we have performed calculations of the single-
and double-dipole response function by diagonalising a
given model Hamiltonian, k, in the space of 1 pl h - and
2p2h excitations avoiding diagrammatic selections and
fully respecting the Pauli principle. The theory has been
used previously to provide a realistic description of lin-
ear response functions over a wide range of excitation
energies [3].

We start by ex panding the wave packets ID) and IDD)
(eqs . (I) and (2)) in exact eigenstates IN) of the nuclear
Hamiltonian I as

ID) _

		

(NIDIO )IN )
N� 0

	IDD) = ~(NIDDIO)IN)

	

(3)
N#0

where D = E 1 r; iZ . When writing fir as a mean field
part and a residual interaction

Eiai at + ~

	

vij .kidtai ara k .

	

(4)

(vii,kl denote antisymmetrized two-body matrix ele-
ments) the exact eigenstates IN) are obtained by diag-
onalization in the space of npnh excitations . A minimal

truncation of this, prohibitively large, space which can
accommodate both single- and double dipole excitations
must clearly encompass the Ipl h and 2p2h sector. so that

IN) = ~ c h~I 1~+T c„2N I 2)•

	

(5)
2

Due to the one-body nature of the dipole operator, the
overlap matrix elements (NIDl0) then project onto the
ipih subspace, II), with

(NjDlO) _ ~ cr (6)

while (NIDDIO) project onto the 2p2h space, 12), with

(NIbblo) =

	

czN*(2IbbI0) .

	

(7)

Knowing the expansion coefficients, 41,2 and the eigen-
values EN of the Hamiltonian matrix in these spaces one
then readily computes the `strength functions'

	

SD(E)

	

I(N I D I O )I 25 (E - EN)

	

SDD(E) _

	

I (NIDDIO)I2S(E - EN) .

	

(8)

The angular-momentum-coupled expression for SDD is
somewhat involved and will be given elsewhere [6] . For
comparison with experiment it is useful to define the cen-
troids and variances of the strength distributions (8) in
terms of their energy moments

?'aD(DD) =. j dEE kSDIDDI (E)

	

(9)

as

EG DR = mb/m%

- (mb)2/m°

	

(10)

and similarly for the double-dipole excitation.
Although not measured, so far, we have selected the 40Ca
nucleus since the dimensions of the model space can be
kept under reasonable numerical control . For the mean
field we have chosen the same Woods-Saxon potential
as in ref. [7] . Continuum excitations have been treated
by discretization through an expansion of the positive-
energy single-particle states in a harmonic oscillator basis.
The density-dependent zero-range interaction of ref . [7]
has also been adopted . Its form ensures the Pauli prin-
ciple. To get a quantitative description of the GDR we
have increased the isovector part, to 300 MeV fm 3 for,
both, the interior and exterior part of Vo l . When trun-
cating to 1 pl h and 2p2h configurations with excitation
energies < 30 MeV (which yields 375 states) one ob-
tains the strength distribution displayed in the upper part
of Fig . L The centroid energy, EGDR is at 19 .7 MeV as
compared to 20 .3 MeV, deduced the global A-dependence

IDD) - {
z

	

\\( z~'i iz ) (
i=1

	

j =1

~GDR =
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EGDR = 31 .2A -1/3 + 20.6A-1/6 [9] . Upon further in-
crease of the model space, both the total transition strength
and the centroid energy remain unchanged . For further
comparison, the lower part of Fig . 1 shows the normal-
ized photo absorption cross section [8]

o7( E) =

	

I(N Ib I O)IZEN6 ( E - EN)/mb( i l )

together with data from Compton scattering [10] (for the
theoretical distribution a Lorentzian smoothing of 1 MeV
has been used).

0.60

ä

,--..

	

0 .30
;II

~

•~-

0.00

E (MeV)

Fig . 1 . upper part: the calculated dipole transition strength distri-
bution in«Ca (eq. (8)). The high-energy tail has been multiplied
by a factor of 10 ; lower part the photoabsorption cross section,
normalized to the TRIG sum rule . The data, indicated by the
filled squares, are inferred from the Compton-scattering analy-
sis of ref. [9].

While not reproduced in all detail the overall agreement
with experiment is quite satisfactory.
In the harmonic limit, the double-dipole state is expected
at 2 x EGDR and a truncation at 30 MeV excitation en-
ergy is clearly insufficient . On the other hand the density
of 2p2h states increases rapidly with excitation energy . A
reasonable compromise is to truncate at 45 MeV (where
the number of states for the 0 O'-component of the DGDR
is 1067 while for the 2+-component one obtains 4144
states) . At 45 MeV the total transition strength as well as
the centroid energy we saturated. Any further increase in
truncation energy will thus only influence the variance,

O DGDR, i.e. the width . To test harmonictty one can com-
pare the DGDR centroid energies E`ODGDR = 38 .67 MeV

and E+GDR = 38 .38 MeV to 2 x EGDR = 39.34 MeV
indicating that the anharmonicity is quite small . This is

corroborated by the fact that the 0 +- and 2 + components
are nearly degenerate. The normalized DGDR strength
distributions, (Fig . 2), indicate some differences between
the 0¢- and 2 + components, however, in fine structure
as well as in the overall width (the 0 +-component is not
strongly excited in experiment [Ili).
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Fig . 2 . The transition-strength distribution for the 0 ¢ -component
(dashed line) and 2 ¢ -component (full line) the DGDR in 40 Ca.
For comparison the single-dipole strength function is also given
short-dashed line) . In all cases the discrete spectra have been
folded with a 1 MeV-width Lorentzian (the experimental reso-
lution is typically 1-2 IeV [I]).

To decide whether I'DGDR/I'GDR is closer to ah or 2
we have determined the ratio of variances BGDR/0'DGDR
yielding 1 .61 for the 0 +-component and 1 .24 for 2 + com-
ponent (0 GDR was evaluated in a window from 10-30
MeV while o'DGDR was obtained in a window from 30-
50 MeV) . It would be premature to conclude that a ratio
of \/ is favored, ho:`,fever, since the model space might
still be too small to get a reliable answer of the width . We
estimate that this limitation can be overcome . Before em-
barking on large-scale calculations, however, one should
evaluate the Coulomb excitation cross section for direct
comparisons with experiment [12].
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Phase Space Exploration in Nuclear Giant Resonance Decay

S . Droidi l , S . Nishizaki 2 , J . Dambach and J . Speth

One of the most interesting results of the previous
study [I] is that the isoscalar state remains much
more localized than the isovector state even though
they evolve in the same phase-space . Is it a manifes-
tation of stronger collectivity of the isoscalar state
or, perhaps, is it that the specific properties of the
coupling matrix elements block certain regions of the
phase space and ergodization only occurs in the un-
blocked regions? A quantity which appears helpful in
resolving this question originates from the concept of
entropy. The information entropy of the state IF) can
be defined, in a given basis (k), as

K =E pk
I ixpk >

k

where pk = (kIF)12 . It provides a quantitative mea-
sure of the complexity of the state IF) and its local-
ization length in the basis lk) [2] . The so-defined K
is, in principle, basis dependent, but the physically
preferred basis is determined by the mean field . As
the most smooth component of the nuclear Hamilto-
nian [3] it provides a natural reference for quantifying
local GOE-type fluctuations.
In our case the mean field basis corresponds to the
unperturbed basis of states 11) and 12) . Calculating
K(t) along the 'trajectory' IF(t)) for the isovector
and isoscalar states, we obtain asymptotically vaI-
ues of 7.10 and 6 .53, while the corresponding ini-
tial values are 2 .56 and 2 .40, respectively. This is to
be compared to KGOE = 7 .29 (KGOE = 0(N/2 -i-
1) - 0(3/2) [2], where is the digamma function
and N is the number of basis vectors) . A compar-
ison of these numbers indicates non-uniformities in
the pk distribution, especially for the isoscalar ex-
citations . Actually, even the GOE-type fluctuations
result in a gaussian distribution which is non-uniform
(a uniform distribution maximizes the entropy and
corresponds to pk = I/N which, for N=3040, gives
K 8.02).
In view of the above mentioned non-uniform phase-
space exploration, we find it instructive to calculate
the spectrum of q-moments for {p k } and to introduce
a generalized entropy [4]

N

Iiq =	 lg In

From this definition it follows that K g, < Kqz if

q 2 < q 1 (provided E k p k = I). Equality holds for
the uniform distribution . For q -> 1 eq . (2) yields
the information entropy (eq. (1)) . The most impor-
tant property of Kg is that with increasing q a higher
weight is given to the largest components in the set
{pk } . For q 0, on the other hand, Kg just counts
the number of sites (here the basis vectors lk)) vis-
ited, irrespective of how frequently they are sampled.
For this reason eq . (2) also constitutes a basis for

0 200 400 600 800 1000 0 200 400 600 800 1000

time (10-22sec)

	

time (10-22 sec)

Fig . I . The time evolution of the generalized entropies

defined by eq . ( 2 ) for the isovector (I h .s) and isoscalar

(r .h .s) giant quadrupole resonances in 'Ca coupled to
the background characterized by GOE fluctuations . The
horizontal marks on the left hand side of each panel de-
note the asymptotic values of KQ for q = 4 and q 16.

For selected q-values Fig . I compares the time evo-
lution of Kg (t) for the isovector and isoscalar exci-
tations when the background states have GOE fluc-
tuations (case (c)) . As one can see from the large-q
behavior of Kq(£), which are systematically smaller
for the isoscalar excitation, the large components of
these remain much more localized (larger) than those
of the isovector excitation . Since, by probability con-
servation, the number of significant components is
smaller in the former case, the amplitude of oscil-
lations is larger in the corresponding K1 (t) . On the
other hand, the dynamics start to look similar in
both cases as q decreases and, for q 0, Kg ap-
proaches a value of 8 . This signals that, on the level of
small probabilities, the whole space spanned by 3040
states is visited . This aspect of the dynamics is con-
sistent with the scaling properties of the transition
strength distribution for the isovector and isoscalar
states discussed in ref. [6] . On the level of small com-
ponents they both scale.
For the purpose of addressing specific questions con-
cerning the quantum-mechanical phase space explo-
ration of collective modes, the full set of "generalized
entropies" appears to be a useful theoretical tool.
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Temporal Correlations in Nuclear Giant Resonance Decay

S . Droidi l , S. Nishizaki 2 , J . Wambach and J . Speth

The study of chaos in nuclear physics has been
mostly based - so far - on level statistics . In prac-
tical terms this is rather restrictive since a reliable
statistical analysis requires very precise energy reso-
lution. It also does not provide firm means for inves-
tigating the role of collectivity and mechanisms of its
coexistence with chaos . In this respect the study of
temporal correlations between an initially prepared

non-stationary state and a state to which it evolves
seems to be much more appropriate . Nuclear giant
resonances are of central interest in this connection
because they are located in a region of high level den-
sity which is expected to be dominated by chaotic dy-
narmes . to maxe me tneoretical studies meaningful
one needs a scheme which incorporates the relevant
elements, such as the possibility of defining a physi-
cal collective state, a realistic modeling of the back-
ground states whose complexity is consistent with
the Gaussian orthogonal ensemble (G OE) of random
matrices and, finally, the realistic coupling between
the two.

The recently developed model [1], based on a diago-
nalization of the full nuclear Hamiltonian consisting
of a mean field part and a residual interaction

H =	 . eia ia i + i

	

ij,kiai at o ink,
ij,k!

in the basis of lp-lh and 2p-2h states

1 1 ) = aP a h IO) ; 12) m 41 c4 ahs ahil0)

	

( 2 )

fulfills these requirements and proves numerically
manageable [2] . A prediagonalization of the two-
body interaction v in the lp-lh and 2p-2h subspaces
defines 11) = E1 Cl 11) and 12) = E2 C212), and
the coupling is mediated by the off-diagonal elements
{11v12) and their complex conjugate . An initially ex-
cited state, in response to an external one-body field
F = Esj F,j caiaj can be represented as

I F)) =P 1 0'} = EF ji) .
i

As soon as the coupling between the subspaces 11)
and 12) is taken into account, the state originally lo-
calized in the lp-lh subspace, as defined by eq . (3),
starts leaking into the 2p-2h space . The degree of
mixing depends not only on the magnitude of v but
also on the nature of the energy fluctuations in the
2p-2h space . The most natural quantity for describ-
ing the leakage is the survival probability, defined as

P(t) =1(F(D)1F(t))I2 .

	

(4)

The physical significance of P(i) can be identified
from its relation to the spectral autocorrelation func-
tion G(E) [3]

P(i) = j dEe -iFt/h GF(E),

where

GF (E) = 1 dE'SF(E')SF(E' + E)

and SF(E) is the transition strength distribution
SF (E) = En I Fn I 26(E - E,,) . Thus P(t) can be ob-
tained from experiments which measure SF(E).

isovector
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to-sv
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time (10 -22 sec)

	

time (10 -22 sec)

Fig . 1 . The time-averaged survival probability P(t) in
units of 1/N (N is the number of vectors spanning the
space, 3040 in the present case) for the isovector (l.h .s .)
and isoscalar (r .h .s.) quadrupole resonances : (a) no resid-
ual interaction in 2p-2h subspace ; (b) including only
particle-particle and hole-hole matrix elements in the di-
agonalization of the 2p-2h subspace ; (c) diagonalization
of the full residual interaction in the 2p-2h subspace

The calculations presented below for quadrupole ex-
citations in "Ca are performed in the same basis as
in ref. [2], i .e. including all lp-lh and 2p-2h states up
to 50 MeV and using the same residual interaction.
Since the present study concentrates on the phase-
space exploration and the role played by chaotic dy-
namics, we distinguish three cases corresponding to
different classes of the spectral fluctuations in the
2p-2h subspace . As established in ref. [1] one finds:
(a) with no residual interaction in the 2p-2h sub-
space there are many degeneracies in 12) (= 12))

and the nearest-neighbor spacing is strongly peaked
near zero; (b) inclusion of particle-particle and hole-
hole matrix elements in (21v12') removes all degen-

eracies and leads to a Poissonian distribution of the
nearest-neighbor spacings, characteristic of generic
integrable systems; and (c) use of the full residual
interaction yields GOE fluctuations, characteristic of
chaotic dynamics.
The initial state IF(0)) = FIO) (eq . (3)) is already
non-stationary in the lp-lh subspace and therefore

(1)

(3 )

(5)

(6)

if'

10 3

	 ( a)
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oscillates within the limits set by this subspace . In-
cluding the mixing with 2p-2h states and looking at
P(t) ~ fä dt'P(t)/t (Fig . 1) shows that the isovector
excitation mixes much more efficiently with the back-
ground 2p-2h states . The asymptotic value of the sur-
vival probability P(t) systematically decreases with
increasing degree of complexity in the background
states (going from (a) to (c)) . Most interestingly,
for the isovector excitation in the chaotic case (c),
P(t) - N where N denotes the total number (3040)
of states in our space, reaches - on average - a value
close to 3 (3 .08) . This effect, is characteristic of quan-
tum ergodicity [4].
An additional requirement for chaoticity is the ini-
tial dephasing of P(t) below its asymptotic value [3].
Such a dephasing, indeed, takes place for the isovec-
tor case, as can also be seen from Fig . 1 . As a conse-
quence of the high density of states the correspond-
ing 'correlation hole ' extends over a time interval,
four orders of magnitude longer than the character-
istic 'excitation time ' of - 10-22sec . The isoscalar
excitation (right panel of Fig. 1) only shows a trace
of such a behavior and the asymptotic values of P(t)
are systematically larger even though the initial state
is coupled to the same background.
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A MICROSCOPIC THEORY OF GIANT RESONANCES IN NON-MAGIC NUCLEI

S. Kamerdzhiev, E . Litvinova, and D. Zawischa

The modern status of experimental giant resonance
physics is determined by the following main direc-
tions:

1. Study of giant resonances in excited states, espe-
cially in hot nuclei . A huge amount of information
on dipole resonances inluding the behaviour of the
widths has already been obtained.

2. Study of giant resonances in unstable nuclei which
can be produced in the radioactive beams facilities.
There are no experimental data here at present but
this direction offers a wide perspective and is very
promising.

3. The quick improvement of the experimental res-
olution in the regions of binding energies and giant
resonances, e .g . about 40 keV FWI{M [1] . Very
many experimental data about gross and fine struc-
ture have been accumulated and more will be ob-
tained in the nearest future.

The first and the second directions are also of great
interest for astrophysics.

These directions together with the coincidence ex-
periments, which recently became one of the main
methods in the investigations of the decay properties
of resonances, confirm very strongly the necessity of
an improvement of the RPA approach in magic nuclei
or the QRPA in non-magic nuclei . These improve-
ments are : taking into account the single particle
continuum and, what is much more complicated and
necessary in medium weight and heavy nuclei, the
configurations which are more complex than those
accounted for by the RPA or QRPA . Now it is clear
that only a theory with such complex configurations
can yield a description of the widths and fine struc-
ture of the resonances . As far as the calculations of
unstable nuclei are concerned it is evident that such
calculations need a theory the parameters of which
are already known for the (unstable) nuclei under
consideration.

Quite recently several variants of the microscopic
theory which take into account these improvements
microscopically and use non-separable forces have
been developed and, what is probably the most dif-
ficult for the theory with non-separable forces, nu-
merically realized [2-4] for heavy nuclei . In fact,
non-separable forces is a minimal requirement for
predictions of properties of unstable nuclei . How-
ever these variants have been developed and realized
only for 3-8 tragic nuclei including unstable ones [4].
The questions arise about hundreds of non-magic nu-
clei which are being studied in most of experimental
works and are of great interest in astrophysics and
other fields . There are no such giant resonance cal-
culations in intermediate mass and heavy nuclei.

We have developed an approach for non-magic nu-
clei [5] which consistently uses the Green function
method and generalizes the approach [3] for these
nuclei but does it in a simpler form, i .e . in g 2 approx-

imation for the propagators of the integral equations
for the transition density (g is the creation ampli-
tude of low-lying collective phonons) . Like in the
case of magic nuclei there is a justification, at least
in the first approximation, to use the known non-
separable phenomenological particle-hole interaction
of Landau-Migdal type, the parameters of which are
already known . Pairing is described by the usual
gap equation with the known particle-particle in-
teraction. All the necessary results have been ob-
tained for the case of most practical interest when
the dynamic effects of the gap change in an external
field can be neglected, but the general case was also
treated shortly.

It turned out that the formulae with pairing are
not so complicated when compared with the case of
magic nuclei . The theory has been also formulated
in the coordinate representation . This is important
for giant resonances for two reasons . Firstly, it al-
lows to account for the single particle continuum,
i .e . the resonance escape witdh, exactly within the
Green function method at least on the RPA level.
Secondly, this decreases considerably the numerical
difficulties of the problem especially in the case of
treatment of the ground state correlations caused by
our complex lplh®phonon configurations . The lat-
ter effect was rather noticeable and experimentally
observable for magic nuclei especially for "Ca.
Thus, the numerical realization of the approach is
quite realistic and it is in progress now.

The approach developed makes it possible to calcu-
late consistently the distribution of giant resonances'
strength in non-magic nuclei with taking into ac-

count single particle continuum, complex configura-
tions and ground state correlations caused by these
configurations . It also allows to account for these ef -
fects in the calculations of static properties of nuclei,
e .g . the isotopic variations of nuclear radii.
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Level Statistics for closed and open nuclear Systems

A. Trellakis and .1 . Warnbach

The discovery of chaos has provided a new under-
standing of classical dynamical systems . At present
it is not clear, however, how chaos manifests it-
self in quantum mechanics . Since in quantum me-
chanics trajectories are replaced by energy eigenval-
ues and eigenstates, it is conjectured that 'quantum
chaos' shows up in the fluctuation properties of the
spectrum which are characteristic of random matrix
theory . In certain simple cases this conjecture has
been shown to hold . It is therefore interesting to
see whether 'real quantum systems' such as atoms
and nuclei show similar signatures . In the case of nu-
clei, giant resonance excitations are particularly well
suited for such studies, because they occur in a region
of high level density.

Ignoring particle emission by placing the nucleus in
large spherical cavity (closed system) yields a dis-
crete eigenvalue spectrum, Ei . To study the energy
distribution let N(E) denote the cumulative level
density of the Hamiltonian. It splits up into a smooth
part N and fluctuations 6N,

N(E) = N(F) ~ FjN(F') .

To isolate the fluctuating part, N is eliminated by a
remapping of the energy spectrum,

Ei	ei N(Ei) .

	

(2)

which sets the level density everywhere to 1.
Define now the nearest neighbour spacing s i and its
corresponding distribution P(s) by

äi = ei$i ._ ei ,

P(s) ds probability for s < s i < s + ds . (4)

For a Hamiltonian which corresponds to a classical
integrable system P(s) can be shown to be poisso-
nian

P(s) = e_s .

However, if the Hamiltonian matrix is chosen from
the Gaussian Orthogonal Ensemble (GOE) of ran-
dom matrices, P(s) becomes a Wigner function

P(s) =

	

s e 4
s a

	

(6)

We have the following conjecture:

For time-reversible closed strongly chaotic systems
the matrix of the Hamiltonian operator can be de-
scribed by the GOE.

Since the Wigner function vanishes for small s, we
expect to see linear level repulsion for a chaotic sys-
tem .

To check these predictions, we start from a nuclear
Hamiltonian

~ =

	

Ei

	

Vijki a+ aj a la k ,

	

(7 )
ijki

where the first part denotes a Woods-Saxon mean-
field potential and the second a Landau-Migdal zero-
range residual interaction . Since a diagonalization of
H in the full Hilbert space is numerically prohibitive,
it is performed in the subspace of lp-lh and 2p-2h
excitations . The nearest-neighbor distribution of the
resulting energy spectrum of "Ca for a fixed angu-
lar momentum and parity J 7 = 2+ fits nicely to a
Wigner function (Fig . 1).

Nearest Neighbour Statistics
Quadruooi 40 MeV

Fig . 1 . Nearest-neighbour statistics for J R = 2+ excita-
tion in 40Ca.

A measure for the rigidity of the spectrum is the
A3-statistics of Dyson/Pviehta. It measures the least-
square deviation of N(E) from its best straight fit in

an interval of length L:

A3 (L) = min
1
f dc [N(E + e) - A - Be] 2 (8)

fi,n L
L

Here for an integrable system the prediction is

A3(L) = l '

	

( 9 )

and for a matrix from the GOE

A3(L) =

	

log L + const . .

	

(10)

Applying the A3-statistics to the spectrum of 90 Ca,
we again see very good agreement with the GOE
prediction (Fig . 2).

Therefore, according to the conjecture the excited
states of the 4 °Ca nucleus are chaotic.

( l )

(3)

(5)
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Delta3-Statistics
Quadnspd 40 MeV

In reality giant resonance excitations lie above the
particle emission threshold and the continuum has
to taken into account (open system) . To treat these
effects we add an antihermitian operator i7C to the
original Hamiltonian Ho ,

H = Ho + iyC

	

(11)

where y is a real coupling parameter . In the eigen-
basis of Ho the operator C reads

m

CkI = Vkc V1 C •

c~1

Each of its components VV is given by an indepen-
dent Gaussian random number with zero mean and
the variance given by

(12)

Fig . 2 . ,A3-statistics for J' = 2 + excitation in 40 Ca.(13)

where N denotes the dimension of the truncated
Hilbert space of lp-lh and 2p-2h excitations . Such
matrices Cp l are known to have (N-M) vanishing
eigenvalues . Thus u describes a nuclear system with
M open channels . Since H is non hermitian, its eigen-
values are distributed in the complex plane, rather
than on the real axis (Fig. 3).

To examine the nearest-neighbor distribution, the
distances to the next neighbor d1 have to be unfolded
with the mean level density per area p i

di

	

(14)
Pi

and renormalized to a mean value equal to 1 " For a
classically integrable system the level-spacing distri-
bution in the complex plane is given by a poissonian

P(s) _ 2--
1
7rsexp(--

4
-irs2 ),

while the classically chaotic case corresponds to the
Ginibre ensemble

P(s)
= -8ö3

7r2s3 exp(- j9i.s 2 )

	

(16)

Comparing the spacing distribution of the non-
hermitianian Hamiltonian with these predictions, we
find good agreement with the Ginibre ensemble (Fig.
4).
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On the Single-Particle Strengths in the Nuclei around "Ni

V. Klemt and W. Unkelbach

Double closed shell nuclei form, together with their
near neighbors, a few islands in the chart of nuclides
where nuclear structure calculations can be expected
to be comparatively simple . In particular, RPA cal-
culations within a Woods-Saxon or Hartree-Fock ba-
sis usually give reasonable results for most of the low-

lying states of the even-particle nuclei in that area.
The depletion of the single-particle states below the
Fermi surface (and the corresponding partial occu-
pation of those above) can be taken into account ap-
proximately by the Landau-Migdal renormalization
[1] .

To deal with less ideal systems in the spirit of this

latter theory, one has to treat the interplay between
the even-even and the adjacent even-odd nuclei more

explicitly, i . e . one has, in a first step, to calculate ex-
plicitly the admixture of collective (two-particle one-
hole) components with the single-paricle orbitals . It
has been shown [2], that this program can, in prin-
ciple, be carried out by a consistent extension of the
Landau-Migdal theory, whereby the appearance of
three-body interaction terms is avoided.

Numerical calculations have been carried out [3] for

the nuclei "Sr, "Zr and their neighbors, where
fairly good subshell closure can be assumed.

Recently, new interest arose for the Nickel isotopes
[4, 5, 6] with the even mass numbers between 56 and

64.
In this report we consider a few preliminary results

for "Ni and 60 Ni. While the former can be consid-
ered magic, the latter may possibly have, in a first
approximation, a closed neutron 2p3/2 subshell . On

the Other hand, 56Ni is certainly far from stability.
In fact, a standard RPA calculation with a simple
schematic interaction gives already a significant im-
provement for the energy levels compared to the po-
sition of the dominant particle-hole components (Ta-

ble 1).

Table 1: Experimental and RPA energies (in
Melt , calculated in a Woods-Saxon basis with
the density-dependent 5-interaction of Ref . [3]] for
"Ni .

In "Ni, on the other hand, a Woods-Saxon calcula-

tion results in a filled neutron 2p 3/2 subshell and its
empty spin-orbit partner seperated by only 2 .1 MeV,
compared to an empirical shell spacing of 3 .57 MeV.
Particle-phonon coupling gives stable solutions for
energy shifts and single-particle strengths (Table 2).
Remarkably, the shell gaps are widened, in the neu-
tron case nearly to the empirical value.

Table 2 : Shifted energies E, energy shifts AE
and single-particle strengths z of neutron single-
particle levels around the Fermi surface of "Ni.

~' 1Rr vl
,i

	

,,P

	

l
n T,' fR~e, 1

~ ..UJ j Z

V5/2 -6.80 1 .14 0 .67

41/2 -6.87 1 .65 0 .57

1 f7/2 -10.57 0.05 0 .81

1/7/2 -15.57 -0.53 0 .60

For full consistency, particle-particle as well as odd-
odd phonons will have Co be included additionally. In
the "Ni case this may also show specific effects of

the large neutron-proton difference of the chemical
potentials in this nucleus.

For "Ni it is an open question at the moment
whether its structure can be described by starting
from a closed-subshell picture . The fact that "Ni
has a 3/2- ground state may indicate that we are
already in a region transient to superfluidity.
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Coulomb dissociation and the solar neutrino problem

G. Baur, H . Rebel l and S . T}pel 2

Coulomb dissociation is by now a well established tool for
nuclear structure physics and nuclear astrophysics . Recent
reviews are given from a theoretical [ 1] as well as
experimental point of view [2,3].

Apart from nuclear interaction effects (see e .g . Ref. [2]) the
study of higher order electromagnetic effects seems most
important. "Post-acceleration effects" have been
experimentally observed in "Li dissociation at MSU [4]
and in l lBe dissociation at RIKEN [5] . Theoretical studies
with a low l;-expansion [6,7] of the S-matrix ( is the
adiabaticity parameter) are not in detailed agreement with
experiment, but they are consistent with other theoretical
approaches, based on coupled channels or direct numerical
integration techniques. We conclude that the "post-
acceleration" effects are negligible in 8Ba7B+p Coulomb
dissociation studies at incident energies E/A g 20 MeV. So
the 8 B Coulomb dissocation [8,9] can be used to measure
the astrophysical S-factor for the 7Be(p,y) 8B reaction,
which is vital for the solar neutrino problem.

The study of the 12 C(a,y) l6O capture reaction - very
important for nuclear astrophysics - by means of the 16O

Coulomb dissociation poses severe problems [2,3] . Despite
of this, there are strategies to overcome these problems,
which are mainly related to the high excitation energy
[10,11].

As an example from nuclear structure physics, we discuss

higher order effects in the -> bound state transition

in t 1 Be . The relevant parameter

2Z X Zeffe 2

z = 170( rl i + TO)

describes the strength of the interaction in terms of the
target charge number Z X, the impact parameter b, the

effective dipole charge number Zel, and velocity v of the

projectile, and the "looseliness" of the system by means of

the constants rli(47 = -,t
2

t-,E	{"• depending on the binding

energy
Ei(f)

of the initial (final) bound state . For further
details see Ref. [12] . In Fig. I the influence of higher order
electromagnetic effects as a function of the characteristic
parameter z is shown .

Fig . 1 : The ratio R = a. SUaae" I z / l a 1~ r~ as a function of z.
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The effective range approach to the electromagnetic dissociation of loosely hound nuclei.

D. M. Kalassa and G . Baur

The cross-sections for the photodissociation of a ground
state of angular momentum i f and spin If = lf + 1 /2

given in [1] are dominated by the radial integrals

Ps,u, = Jof

~
dr r-3 gl,(r) g i ,{F)

The radial eigenfunetions gt r , g i , have to be computed nu-
mericaly for realistic nuclear models . Analytic relations
are available in some cases (e .g . square well potential).
Though the cross-sections are not so handsome, we need
therefore easier but accurate approximations . We try to
derive them by extending the external integral to the in-
teraction region provide the integrand in eq .(1) does not
diverge and the exponential factor does not vary much
there. For transitions from s- wave bound states, we use
the effective range approach [2] to find the photodisso-
ciation cross-section in the electric dipole approximation

32~r~Z2
	 	 k	 '

	

(2)eff i_ ßro
~ ,~2+ ß2~

where ß = /( 2 ), B is the binding energy, Ze f f =

fa(Z, /M1 - Z2 /M2) is the effective charge of the clusters,
is is their effective mass and ro the effective range of the

interaction.
Eq. (2) fits quite well data from recent Coulomb disso-
ciation experiments of ''Be on 208Pb at 72A MeV [3].

Fig.1 shows the dipole strength distribution

dB

	

9ic ctr >
ri)(E)

16ir 3

	

E` x

versus the transition energy. We have also applied the

Fig. 1 : Dipole strength distribution of "Be in units of
e2 f m from an effective range approximation (
solid line) and a square well model ( dashed line
), the experimental data are taken from ref .[3]

effective range theory to the photodissociation of "Li .

The results are in good agreement with other theoretical
models [4].
This method can be extended to bound states of higher
angular momenta, however it will require an empirical
normalisation of the cross-sections, for p-waves see e .g.

[5] . In conclusion we find that the effective range ap-
proximation yields the qualitative behaviour and in many
cases the magnitude of the electromagnetic cross-sections

at low energy. ft is a good starting point in making theo-
retical predictions and in the analysis of nuclear reaction
data at low energies . It allows us to study higher order
effects of the interaction in the Coulomb dissociation.
Corrections should be found to improve the accuracy.
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Machine Development at COSY 1994

U. Bechstedt, J . Dietrich, U . Hacker, R . Maier, S . Martin, D . Prasuhn, H . Stockhorst, R . Tölle

The machine development of the COSY cooler synchrotron
in the year 1994 was dominated by three topics:

increase the knowledge of machine parameters
acceleration of protons to the design momentum
3.3 GeV/c
extraction of the beam for external experiments with
sufficient intensity (> 108 protons l spill)

Study of machine parameters
Prior to the effort of either approaching the design momen-
tum or increasing the extraction efficiency the overall ma-
chine parameters were studied carefully.

Controlling the tune
COSY is operated at a working point of Qx = 3 .6 and Qz
3 .6 . The tunes are set by changing the strength of the
focussing and defocussing quadrupole families in the ben-
ding sections of the ring. The response of the machine to
separately changing the focussing or defocussing strength
was recorded and is depicted in Fig. 1 .

Closed Orbit in COSY with respect to
the ideal orbit / mm

-10
0

	

50

	

100

	

150
Arclength / ni

Fig . 2 : Orbitdeviation around the ring . Filled squares
mark the horizontal Orbit, open squares mark the
vertical orbit.

Measurement of dispersion

200

Fig. 1 : Measured working points (dots) in COSY at
1 .1 GeV/c . On the "iso defoc"-lines the horizontal-
ly defocussing quads are kept constant, and the
focussing strength of the focussing ones is increa-
sing from left to right . On the "iso-foc"-lines the
horizontally focussing quads are kept constant, and
the focussing strength of the defocussing ones is
increasing from right to left.

Thus the working point can be driven to any reasonable
tune. A tool to predict the necessary quadrupole settings
was developed and installed.

Controlling the orbit
Being injected into the ring the protons enter their orbit,
which is significantly different from the ideal orbit . With
the 57 beam position monitors (BPivis) the protons ' orbit
was measured at different momenta. Guided by MICADO-
calculations kickstrengths for the correctormagnets
(steerers) were generated and applied . Best results are
achieved after fineadjustment (scaling) of all magnetic
fields in the order of 10 4 . It was verified that the corrections
found are valid for momenta up to 1 .7 GeV/c . All correcti-
ons needed refer to the horizontal plane . In the vertical
plane the beam deviates less than 3 mm from the ideal orbit.
So no corrections are applied . A typical result is shown in

Fig. 2 .

Orbit tor rsagotie fides resod by aO5%

Orbit g or magnetic fields lowered by 0.05 %

Fig. 3 : Dispersionorbits for ap = 0 .5 %o and ip = -0.5 %o.

Both orbits show deviations with opposite sign.

The success of the orbitcorrection was also verified by
measuring the orbit with slightly detuned magnetic compo-
nents . The main dipole and the quadrupoles were scaled to
0 .9995 and afterwards to 1 .0005 times their respective

strength . The measured orbits are displayed in Fig . 3 . As
expected they show symmetric deviations from the refe-
rence orbit, the reference orbit being the same as in Fig . 2.
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Acceleration to 3 .3 GeV/c (2 .5 GeV)
By optimizing the machine parameters step by step we
succeeded in accelerating protons up to 1 .85 GeV/c . Acce-
leration beyond this momentum was difficult as we approa-
ched the y,,-regime. By dynamically changing the optic the
y,-Iimit could be shifted to momenta higher than the design
momentum. This is advantegous especially for the internal
experiments . Now data can be taken during the whole ramp
cycle . It turned out, that at about the same momentum cor-
rections to the acceleration phase were necessary . On the
basis of beam position measurements these corrections were
evaluated . They were applied to the first time derivative of
the accelerating frequency . The correction used (preset
values) is shown in Fig . 4 together with the measurement of
the actually applied correction . Dipole Current

Fig . 4 : Modification of the RF-ramp during acceleration .
Preset values (smooth line) and measured values
(data points) versus momentum

With this correction of the RF-ramp acceleration up to
2 .2 GeVlc was possible . Further increase of proton momen-
tum was achieved by compensating for the hysteresis effects
of the dipols magnets. Fig . 5 shows the evaluated and mea-
sured corrections to the current ramp of the dipoles . The
small "deviation" at about 2 .1 GeVIc lies within the measu-
rement accuracy .

3000 F1eVlc

Fig . 5 : Modification of the dipole-ramp during accelerati-
on . Preset values (squares) and measured values
(triangles) versus momentum

All these efforts resulted in accelerating 2 . 105 protons up to
3 .3 GeVIc, which is the design momentum . For 3 .2 GeV/c
and 3 .3 GeVIc the intensity of the accelerated beam toge-
ther with the current in the dipoles is shown in Fig . 6 .

Fig . 6 : Acceleration to 3.2 GeV/c (upper figure) and to
3 .3 . GeV/c (lower figure) . The horizontal axis re-
presents the time, full range = 20 seconds . The up-
per trace shows the current in the bending dipoles.
The lower level corresponds to the injection mo-
mentum (285 A), the higher level corresponds to
the maximum momentum (4200 A) . The lower
trace shows the current-proportional output voltage
of the Beam Current Transformer (BCT).

Increasing extraction efficiency
In 1994 the resonant extraction at COSY could be establis-
hed, but the extraction efficiency was only in the order of
0 .001 . Spill times were in the order of 2 seconds. In prepa-
ring to increase the extraction efficiency tailored diagnostic
tools were installed . For instance the first MultiWire Pro-
portional Chamber (MWPC) in the extraction beam line
was equipped with an add on, which provides time depen-
dent observation of beam intensity . As before the horizontal
and vertical beamprofiles can be observed at predefinable
(trigger) times . Ion optical settings for the first section of
the extraction beamline were established to generate an
image of the middle of dipole elements (most important : the
magnetic septum) on the first or second MWPC.

Inside the ring detectors were installed to localize beam
losses . Adiabatic injection into the ring (slow raising of RF-
Vol tage) increased the number of protons at injection time
up to 1 . . .5 . 10 10 . Thus good conditions were given to increa-
se the number of extracted protons . For efficient extraction
the . electrostatic septum has to be the narrowest location
inside the ring. Therefore a local orbit bump of appr . 35 mm
height was added onto the closed orbit using four steerering
magnets . The introduced net dipole component which is
additionally seen by the . beam is corrected for by fine ad-
justing the strength of the main dipole field in the sub-
permille regime. Fig . 7 shows an example of such an orbit.
bump.

Correction Factor for the Ramp of the
Acceleration Frequency
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Fig . 7 : Measured closed orbit with 35 mm bump at the
electrostatic septum

Using the quadrupoles studied before (cf . Fig . 1) and using
the optic with the shifted y, the quadrupoles are program-
med to ramp to a working point with qu = 3 .64 and qv < qH .

Subsequently the quadrupoles in the arcs are used for a tune
jump towards the 213 - resonance . Next the third order re-
sonance is stimulated by ramping the sextupoles . Thus pro-
tons can be fed contionuously into the extraction beam line.
Up to now this process is so far controlled that more than
108 protons are extracted per spill . At 800 MeV/c spill ti-
mes of about 0 .5 seconds could be realized, whereas at
1100 MeV/c 5 seconds were achieved . Extraction at higher
momenta is still on the agenda . Components for the ultras-
low extraction were installed and their effect on the beam
could be verified .

Machine uptime and usage
In Fig . 8 the usage of the synchrotron is summarized . From
the scheduled 9532 hours the machine uptime was 8181
hours . 2373 hours were used by experiments . For every
month the black column denotes the scheduled machine
hours, the white column denotes the hours in which the
machine was running, wheras the shaded column shows the
machine hours used by experiments.

Fig . 8 : Summary of machine usage in 1994 . Black = sche-
duled hours, white = operational hours, shaded =
hours for experimental use.
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Results from Longitudinal Stability Measurements with Coasting Beams in COSY

U. Oeftiger, J . Bojowaid, J. Dietrich, R. Maier, I . Mohos

1 . Introduction
The statistical current fluctuations of coasting beams in
storage rings are known as the Schottky noise signals.
C chol

	

via a pick-upL -up electrodeaSchottky spectra are observed in
absence of external excitation. They are relatively easy to
interpret if one works far enough from the threshold of
instabilities . Coherent instabilities are excited by "wake
fields" : beam particles interact via direct space charge
fields and through the electromagnetic fields induced in
the walls of the vacuum chamber and the environment
surrounding the beam . When a small coherent beam
disturbance occurs longitudinal (and transverse)
electromagnetic fields are induced, which will perturb the
particle trajectory through the Lorentz forces . These fields
trail behind the emitting particles and this explains the
name "wake field" [1, 2] . The fields, and in turn the beam
perturbation, can "self amplify" each other such that
instability occurs resulting into beam degradation and loss.
The beam environment may be characterised by a
longitudinal and transverse "impedance", which is an
important quantity for beam stability.
Beam transfer functions (BTF), giving the frequency

domain response of the beam to an external excitation, are
widely used to measure the impedance of the beam
environment and to analyse stability conditions.
Both Schottky and BTF signals have been monitored in
COSY. Results obtained from longitudinal measurements
will be discussed here.

2 . Theory

The longitudinal BTF

	

(w) neglecting the longitudinal

coupling impedance Zii is proportional to the following

function of the excitation frequency ai and the revolution
frequency cop

ast
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where ti!(tu„) is the particle's revolution frequency

distribution and n the harmonic number [3, 4] . The
integral is called the dispersion integral . It can be split into
its principal value (WV) and the residue at the pole:
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This influence of the coupling impedance can be seen in

the longitudinal stability diagram 1lif (co) - a plot of the

BTF in the complex plane - as a shift by the impedance
vector. The instability threshold is reached, when the
inverted response curve touches the origin in the stability
diagram. If the impedance vector Zii is known (for

example by estimating the shift of the stability diagram),
the true momentum distribution v(tvr ) can be evaluated

from the measured i.°(w)

A possibility to check the exactness of the estimated Zii is

given by the additional measurement of the deformed

longitudinal Schottky power spectrum P0 (w) . It is related

to the non-distorted spectrum PD (w), which reflects the
Schottky power spectrum in absence of any coupling
effects via

,pa(w) _ .
P ()

Ei (0)112

	

P° (co) ac i;u(co I n)

	

(4)

I

From the deformed Schottky spectrum one can calculate
the distribution ytl(Wr) for an estimated vector

	

For

the correctly chosen Zii the distributions obtained from the

two computations do fit [6, 7, 8].

3 . Results
3 .1 Longitudinal Schottky signals
When the resonance frequency of the COSY RF system is
stepped over the revolution frequency of the circulating
particles, the measured total power of the first longitudinal
band changes drastically (figure I) . This shows that a
detuning of the cavity resonance or a shortening of the
cavity gap via a gap relay - both is in preparation - will be
necessary in order to observe pure beam fluctuation
signals, which then will reflect the coasting beam
distribution correctly. The total power per Schottky band
should be constant and the width of the band should be
proportional to the harmonic number . Figure 2 shows the
measured total power with an open and (manually)
shortened cavity gap at different hat monies [8].

total power at first harmonic
'linear Italia]

0
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600
	 cavity frequency [kHz]	
Figure 1 : The total power of the beam signal at the first
harmonic, measured for different cavity frequencies AR,

(revolution frequency f0 = 45 ikHz)_

total power per band
linear units] cavity frequency it 600 kHz

cavity gap shortarad
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5
harmonic number

Taking into account collective effects ii0 (w) is modified

by the shielding function s] = 1 + Z i n0 to [51

4° (co)
(3)

Figure 2 : The total power of the Schottky bands at lower

harmonic numbers (f = 600kliz, f0 = 451kHz).
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3 .2 Longitudinal BTF measurements
A narrow band noise signal has been used for external
beam excitation . The frequency response has been
measured using a Two Channel Vector Spectrum Analyser.
The time gating procedure [9j has been applied to improve
the quality of the results.
Due to the low phase space density of the uncooled COSY
beam the influence of the coupling impedance was small
compared to the amplitude of the inverted response . This is
in agreement with equation 2 : a Gaussian distribution

1/fcce'

	

w°~Z~

	

yields dyiIcal,.en

	

2 (rap being the

average revolution frequency and Act) the width of the
beam distribution) . The amplitude of the inverted response
of this beam would increase with the square of the beam
width.
A calibration of the stability diagram is possible, if the
beam intensity is known. A longitudinal stability diagram
is shown together with the reconstructed momentum
distribution in fig ,re 3 and 4 . The measured imaginary

part of the coupling impedance of around -1 El per
harmonic is in good agreement with the theoretically value
expected from the space charge value . The loops in the
stability trace are caused by a coupling resonance between
the horizontal and vertical machine tune . This problem has
been investigatedd by measuring t he transverse

	

[8investigatedcr4

	

.'1.,s'er3e..

	

t ]•

When switching off the driving amplifiers of the COSY RF
system, a noise signal is still observable at the cavity gap.
Longitudinal BTF measurements have also been performed
using this noise signal as excitation (and reference) for the
measurement . The measured correlation of the monitored
beam signal to the noise at the cavity gap shows that the
gap noise has obviously a very strong effect on the coasting
beam.
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Figure 3 : Longitudinal stability diagram of a beam with
at 2 . 10 10 protons at 269 MeV/c at the 3rd harmonic, with
(dp/p)Fw t = 9 . 10 4 . From the stability diagram follows
that the coupling impedance is below the theoretical Keil-
Schnell limit (ellipse) . The loops (marked by "A", "B" and
"C") come from tune resonances, as shown by transverse
BTF measurements [8] .
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Figure 4 : Momentum distribution reconstructed from the
stability diagram of figure 3 by integrating the real part of
the BTF.

4. Conclusion
In the low frequency region beam signals have been
analysed without any external perturbation of the coasting
beam (Schottky signals) and in the presence of external
excitation signals (giving the BTF) . From longitudinal
BTF results follows a space charge impedance below the
Keil-Schnell limit, as expected in absence of beam cooling.
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Properties of the Beam Extracted from COSY

P. Jahn, B . Naumann*, M . Rogge, A . Hassan

Normally for emittance measurements in particle beams a
description by Twiss Parameters is chosen [I] . We used an
equivalent but slightly different method starting from the
simple law of imaging by a quadrupole lens, which often
can be approximated by a thin lens . By this method one gets
additional and more detailed information on the intensity
distribution in normal and angular space and the possibility
to cross check the results.

The envelope of the beam in one plane can be described by
three parameters . We chose the distance of the minimum
beam radius (waist) from the middle of the magnetic ex-
traction septum of COSY, the beam extension (radius) in
the waist x w , and the beam extension in angle These
parameters can in principle easily be calculated from the
beam radius at three positions z along the central beam.
Instead of measuring at three positions we have varied the
focal length of a calibrated quadrupole, in this way imaging
intensity cuts through the beam at different object distances
on one fixed multiwire proportional chamber. From the
extension of the image of the beam on this position sensitive
device the beam extension at the waist can be calculated.

Near the waist at z = zw the beam radius x can be described

2 =x 2 ~{z-zw ) Z x~
2

x

	

[2]-

X

z

Fig . 1 Beam envelope near the waist . Illustration for the
definitions of zw, x w , x,.,'

The calibration of the quadrupole can easily be obtained
with good accuracy by imaging a steerer (in our example
SH10) on the position monitor tIvIWI2, (if one does not
know it from previous experiments anyway) . The imaging
condition for the middle of the steerer (pivot point) is ful-
filled, if the beam profile (especially its center) is constant,
when changing the deflection angle in the steerer. Then:

llg+l/b=c•1

where g = object distance = 2.07 m, b = image distance =
3 .47 m, c = calibration constant, I - current in the quad-
rupole Q12. In the imaging case 1= (41 ± 0 .4)% of 185 A at
p = 1 .09 GeVlc . This results in c = 0.0188, if I is measured
in %. Then the magnification M (corresponding to r11 in
TRANSPORT notation) for imaging on the position moni-
tor

M=.1-c•b•I=1-0.065 .I[%a]

and the object distance from the location where the beam is
observed is

g=-b/M=-3 .471M .

These equations are valid for the horizontal plane . For the
vertical plane the sign of I has to be inverted
(TRANSPORT) . Horizontal and vertical planes can in our
case he observed independently as the beam focused in one
plane is not defocused in the other plane so much that parts
of the beam touch the beam tube.

The results of such measurements of the beam extension are
demonstrated in Fig. 2.

Fig. 2 : Measurement of beam extensions in the extraction
region of the beam from COSY. Superscript "fit"
refers to results using the equation given in the
text; superscript "mess" denote results based on
angle imaging . These data were used for the E-

values given.

The resulting emittance values are

Ex = 7r xw x' w = 9 .6 it mm mrad

e y = yw y ' w = 3 .1 ;c mm mrad.

For the 95% width the emittances are

Ex = 28 It mm mrad

E y = 10 it mm mrad.

These values are still considerably higher than the design
value of E = 2 .5 rt mm mrad ( x and y) for the beamline to
the experimental ares TOF and BIG KARL.

The positions of the waists in three measurements at differ-
ent runs has not changed much and are mostly about 6 m
before the middle of the magnetic septum in the horizontal
(x) plane and 9 m after it for the vertical plane (y).

References
[1] Beam Diagnostics: CERN Accelerator School, Aarhus,
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Beam Profile and Intensity Measurement in the COSY Extraction Beanrline

H. Labus, J. Dietrich, N . Dolfus

The principle instrumentation to measure beam profiles in
the COSY extraction beamline has already been described
in the annual report 1994 . We use multi wire proportional
chambers (MWPC's), developed at the OSI Darmstadt and
commercially available from Physikalische Nachweisgeräte
Dr. H. Stelzer . Here we present experiences with these
devices, mainly their usability for intensity measurements,
and some modifications to improve their availability.

During the design period of the COSY extraction most
attention was focussed on a good profile measurement, and
no particular effort has been made to get absolute intensity
information . Our experience is that we must introduce also
precise intensity measurements, which we realize by the
following way:

There are two major informations concerning beam
intensity, its absolute value and its time structure.
Unfortunately the intensity lays in a range between 10 6 and
109/s i .e . 0 .1 pA and 0 .1 nA. Thus single particle counting
is no more applicable, which else would allow absolute and
fast intensity measurements simultaneously . Only ionisation

chambers with high sensitive current amplifiers are suitable
within this range, but have too low cutoff frequencies of
some ten Hz to watch large intensity oscillations between
DC and to some kHz at the lower intensities . On the other
hand they have the great advantage that no intensity
calibration is necessary. Absolute intensity may
immediately be calculated to a few percent -precision with
the Bethe Bloch formular if particle energy and amplifier
sensitivity are known . Fortunately our MWPC's are
possibly the best choice in this situation as they behave like
ionisation chambers with intrinsic amplification, which
allows to use less sensitive but fast current amplifiers.
Profile and fast intensity measurements are therefore
possible with one and the same detector system, with the
only disadvantage that an intensity calibration must he
made at the higher gas amplifications.

The cutoff frequency of our MWPC amplifiers is about
1 kHz and our data acquisition software is able to measure
one sample profile every 10 ms, whose area represents the
beam intensity . Successive readout of this areas gives a
rough information about the time structure of the intensity.
In one of our MWPC's we introduced an analogue sum
amplifier which adds all 64 currents of one grid for
continuously monitoring the intensity . Fig. 1 shows the
result, with two different time resolutions . From the applied
high voltage of 1500 V we can roughly estimate that the
maximum intensity is between 10' and 10 8/s, as we have no
calibration of the intrinsic gas amplification until now . The
intensity shows large fluctuations up to the cutoff
frequency, so even larger fluctuation may be present at
higher frequencies . In principle the cutoff frequency of the
amplifiers could be shifted up to about some 100 kHz, but
programmable filters must then be introduced to smooth the
statistical fluctuations at the lower end of the intensity
region .

Fig .I : Lower curve: Intensity of one complete spill with
100 ms/unit and max . intensity of about 10 8 Is

Upper curve : Lower curve zoomed with 5ms/unit

We think that it is sufficient to have only one MWPC with
continuous analog intensity monitoring at the begin of the
extraction beamline. We now prepare the calibration of one
MWPC with 40 MeV protons whose intensity will be
measured with single event counting photomultipliers up to
some 10 6/s and with faraday cups for the great intensities up
to I0 9Is . The calibration will be reliable if both methods
show the same result between 106/s and 10 7 /s, as we try to
get the absolute intensity with a precision of only at 30%.

To get an online monitoring of the proper function of each
MWPC we will attach a weak Sr-90 source in one corner of
each MWPC frame which produces a small test profile only
with the largest amplification at 2800 V . The area of this
test profile indicates the long term stability of all MWPC
components . Fig . 2 shows a test profile from a preliminary
source at maximum voltage.

Fig . 2 : Test profile from Sr-90 source at 2800 V.
Horizontal : x-profile [0-64 mm] and y-profile [0-

64 mm] . Vertical : Intensity approximately 10 5 Is.

The Sr-90 source is situated outside the region of the
extracted beam and does not influence measurements above
rates >10 6 /s.

Each MWPC is supplied by a separate valve to control its
gas flow . To reduce gas consumption we now try to operate
up to three MWPC's in series with one valve.
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First Stochastic Cooling Tank assembled in the COSY Ring

P. Brittner. D . Prasuhn. G. Schug . H . Singer. W . Spieß and R. Simsen

a

Cn'oeenic test of tanks
The first horizontal pick-up tank [1-31 has already passed
several tests in the vacuum test field . The cryogenically
cooled tank reached a temperature of about 30K at the
electrode bars and a vacuum pressure of 10-9 mbar.
The dilatations caused by thermal shrinks led to a contact
between a tuning screw and an inner conductor near a
flexible stripline. The location was found using time-
domain network analysis . The tank had been partly
dismantled to repair this fault . Further similar problems
at cooling down did not occur up to now because critical
parts of different expansion coefficients have been
elastically supported . Especially, the combiner/splitter
boards have been embedded in contact springs . The
springs also short gaps between the board metallizations
and the electrode bars. Densities of around I contact per
mm have been fabricated using Cu-Be foil of 2Oitm
thickness . The spring surfaces have been prepared for
31V use either by Ag plating of the springs or by
hardening of blank pieces under vacuum. The measured
outgassing rate was sufficiently low.

Assembly of signal-processing system of the tanks
The earlier described RF components [2,3] have been
assembled onto water-cooled alum . plates to provide the
thermal symmetry of balanced electronic components of
the same kind (s . Fig.!) . especially the low-noise
preamplifiers . Here, water cooling keeps down the noise
factor: a decrease of about 0 .02 dBIK have been
measured .

0,85
relative .rotor velocity 0,851 0,923 0,962
Si . al len•

	

: electrode

	

ou .s/m O,2ä2 0,260 0,249
l signal length: PU domes /m

	

12,42 2,23 12,14 g1
sinal length: PU-kicker Im

	

1 105,05

	

J 99,62 95,58

	

i

Tab. I : Signal to beam travelling time as vacuum Ienghts

Beam simulation
An aluminium tube has been centered in the tank to
measure the signal behaviour from the center line of the
tank to the tank output (s . Fig .2).

I : aluminium tube

	

3 : modificated CF-flange
2 : vacuum feed-through 4 : transition element

(N-norm)

	

5 : PE plastic block

Fig .2 : beam simulation under vacuum

Vacuu.m feed-throughs have enabled RF measurements
under vacuum and. at cryogenically cooled electrodes bars.
The relative positions of the two electrode bars to the
aluminium tube were changed by the four stepper motors.
The beam simulation corresponds to a relative beam
velocity of v/ca = 1 instead of v/c o = 0,85 to 0 .96 for the
real beam. In spite of that small systematical error. we
have measured important facts of the signal-processing
elements within and outside the tank, like

• RF synunetrv of the tank,
• stability of LNAs,
a amplitude and phase fluctuations of the signals

processing channels,

• balance of the channels.
sum-signal rejection of the channels

Fig. I : RF-signal processing plate

The lengths of the coaxial lines interconnecting the RF

electronic components have been adjusted to the main
energy range of 025 to 2 .5 GeV. Tab.I shows the
required delays between neighbouring electrode groups,
between the centers of the two tanksections of each
complete pick-up tank and between pick-up and kicker
tanks in the COSY ring. Each branch of the RF-signal
path has been measured to correct the sample spread of all
components.
We reached a electrical length ,.ulcer ainty of about +/-
1mm between the branches over the whole RF band .

Sum and Difference signals
The measurements of transmission from the aluminium
tube to the hybrid are represented in Fig .3 for band 1 and
Fig .'s flex band 2 . The isolation between SUM and DIFF
output of the hybrid . is one of the most important
limitations regarding the transverse sensitivity of the
system. The insufficient directivity and the large sum
signal always pretend an existing cliff signal . The cliff
signal in Fig .3 and Fig.4 represent mostly the isolation of
the hybrid and the noise floor amplified by the high gain.
The dill-Smm and diffi-lßrnm curves are the
oorrespanding DIFF outputs after moving one electrode
bar by 5 (10) mm towards the aluminium tube and the
other bar by 5 (10) mm away from the tube.
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The transmission curves show that a resolution of 1 mm
should be possible .

1,32

	

1,48

	

1,64 1,8

frequency / GHz

Fig . 3 : Transmission measurements- band 1

~
- --- difflOmm

Fig . 4 : Transmission measurements, band 2

Behaviour of tank and low-noise preamplifiers (LNAs)
RF characteristics of each group have been proved. The
LNAs are the first active parts of the RF signal path [2].
Tice beam electrodes and the electronic components have
been grouped corresponding to ¼-m tank sections.
The LNAs have been connected to the transmission parts
of the tank components . RF oscillations occurred in the
first HEMT stages of some of the band-2 LNAs greatly
affected by the reflection coefficients of the line-type
transducers within the tank. The oscillations partly caused
a single äa` 111 the 1 JJ9 .&.IIULIE, -partly changed the DC
working conditions although DC uncoupling networks
had been interlaced between the LNA inputs and the first
HEMT stages . So, changes of the gains by 5 to 10 dB
were detected.
The band-2 LNAs now connected to the first PU tank
don't show these effects . They have been selected in pairs
matched within +/- 0,3 dB in order to maintain the sum-
signal rejection.
Further_ the stability of the LNA input stages is being
improved.

Phase behaviour of the cliff signal
The phase response from the electrodes up to the hybrid's
DIFF output have been measured (Fig .5).
The combining network of the electrodes and the group
combining system is optimized for cooling energies
between 0 .8 and 2 .5 GeV 121 . Considering a rel . velocity
of 1 in the beam simulation setup the change in phase of
the pick-up RF-system is very small (Fig, 5) . The diff
phases show fluctuations of only +1- 8° in the range of 1,1
to 1 .7 GHz.
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Fig.5 : Phase behavior of diff signal

Outlook
All active components of the horizontal pick-up tank are
being connected to the COSY-computer system with the
aid of the COSY-Control Group . The installation of the
first tank into the COSY ring has been performed during
the maintenance week before Christmas 1994.
Then it will be possible to take the first RF measurements
using the real beam.
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New Magnets for COSY

U. Bechstedt, G . Dolfus, W . Ermer, G.Ii-rol, D .Rosin, Th . Sagefka

During the year 1994 there were two new magnets installed
at COSY. One modified quadrupole inside the ring and a
small bending magnet right at the beginning of the
extraction hemline.

When the extraction of beam from COSY started it turned
out that there is a small angular error of the beam behind the
magnetic extraction septum . As a quick remedy a spare
correction dipole from the extraction beamlines was
installed behind the septum magnets to correct for this
angular error . With the increase of the extracted momenta,
however, it turned out that the bending power of this
correction dipole was too weak . Therefore we had to build a
new dipole magnet giving a higher field integral . The fastest
way to do that was to use the coils of a long correction
dipole from Uf 	

tlfl
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iron length
of 227 mm what is more than the effective length of the
extraction steerers and a gap height of 180 mm . The
extraction beamline requires a gap height of 70 mm only.
Therefore making a new iron yoke with a gap height of 70
mm it was possible to gain a factor of 2 .6 in bending power.
The results from the first experiments show that it now
should be possible to correct the angle of the protons
extracted up to the maximum momentum of 3 .3 (3eV/c.

The second new magnet is a modified arc quadrupole . For
the internal experiment COSY-11 that will be installed at
the beginning of 1995 there was the need to remove a
wedge from the sideyoke of quadrupole MQU8 . This
quadrupole is following the bending magnet MDB8 which
is used as spectrometer magnet for the COSY-I1
experiment. Machining off a wedge from the sideyoke of
the quadrupole gives a largr solid angle for the reaction
products . To allow for such modifications was - one of the
reasons for the so called figure of eight design of the COSY
quadrupole magnets . In this design the sideyokes are not
necessary to carry the magnetic flux of the quadrupole.

As a first step the wedge required by the experiment was
machined . This is a wedge in the right sideyoke seen into
beam direction . After that the harmonic content of the
quadrupole was remeasured . It turned out that at higher
excitation when saturation of the iron starts the relative
sextupole component is significantly increased. The reason
for that is a disturbance of the rotational symmetry by
machining only one sideyoke. Therefore as next step the
other sideyoke was machined in the same way to keep up
rotational symmetry. The harmonic content of the
quadrupole was measured again and we found a strong
reduction of the sextupole component at high excitation.
The values of the sextupole component as well as the sum
of the components from n = 3 (sextupole) to n = 10 (20-
pole) before and after machining are given in table 1 .

Excitation
current

before
machinin

machining
one side

final
machinin.

n=3
PI = 200 A

3- I0

2.6 . 10'

2.2-10-2

4 .9-10~

2.5-10 -2

3-1

	

10 -4
~

2 .2-10 2
n ~. 3

I = 400 A
3-IO

2.6 10

2 .1 - 10
-2

4 .1-10 3

2 .8 - 10 -2

~1 .1-10

2 .1

	

10 -2

n= 3
I= 550 A

3-10

5 .2~10 -3

2 .8 . 10-2

Table 1 : Harmonic content of modified quadrupole MQU8
before and after machining.

Figure 1 shows a sketch of the machined quadrupole
MQU8.

Fig . 1 : Quadrupole MQU8 with machined wedge

The modified magnet was installed in the maintanance-week
week 31 and aligned to the required position. After the
restart of COSY we did not observe any change of the
machine performance . A few weeks later COSY reached the
design energy with this modified quadrupole magnet.

modified joke



Design and performance of the Proton Beam Correction Steerers for the Cosy Electron Cooler

G. Muller*, D . Prasuhn, D . Rosin, W . Schwab, U . Sieling*, H .J . Stein

Proton beam correction scheme
The vertical components of the magnetic field in the COSY
electron cooler toroids produce a proton orbit distortion [1].
Fig . 1 shows the proton orbit correction scheme as it is
realized . Since the cooler magnets form an upright U, the
proton deflection is horizontal and antisymmetfic relative to
the plane of symmetry in the midst of the drift solenoid.
With two steerers at each side of the electron cooler the
proton beam can be made coaxial inside the cooler as well
as outside beyond . the outer steerers so that the electron
cooler magnet is "invisible" for the ring . In between the
inner and the outer steerers the proton beam passes the
compensation solenoid [2] on an oblique trajectory which
causes second order vertical deflections . A similar
correction using a pair of two steerers is applied which in
addition corrects the second order vertical deflections in the
toroids and the first order deflections in the dipole coils for
the electron beam . Here, in contrast to the horizontal case,
the deflection scheme is symmetric . The trajectories shown
in Fig. I reflect the worst case of maximum angles ocurring
at injection energy, 37 .8 MeV, neglecting the influence of
the quadrripoles in between the inner and outer steerers.
Since the electron cooler magnetic field is held constant, the
horizontal angles are reduced with lip during acceleration.
The vertical angles vanish with l/p 2 , except the lip

deflection due to the electron beam dipole coil which is
being considered for the maximum electron energy, 100
keV . This means that the horizontal steerer field is also held
constant, whereas the vertical steerer field has to be
controlled according to a function B(t) a l lp(t) - a2 . The
outer horizontal (X) and vertical (Y) steerers are standard
components of the COSY ring . The inner steerers had to be
designed according to the above correction scheme with
maximum deflection angles of 70 mrad horizontally and
5 mrad vertically for 40 MeV p beam energy.

Lay-out and performance
The restricted space in between the cooler toroids and the
compensation solenoids had favoured a 0 .3 m long,
combined X-Y window frame magnet with race-track type
coils, Fig . 2 . Following a proposition of Halbach [3] the Y
coils are split in order to reduce the sextupole component
caused by a current distribution not homogeneously filling
out the space in between the yokes . Based on a 2-D
POISSON calculation maximum magnetic fields of 0 .177 T
at 285 A for the X steering magnet and 0,0126

The
T at 40 A for

the Y steering magnet were expected . calculated
effective length of 0 .35 m in both directions, due to field
clamping at both ends, would have guarantueed the required
deflection angles at 0 .9 Tm'beam momentum. Fig . 3 shows
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Fig . .1 . Proton beam correction scheme for the COSY electron cooler . The angles correspond to the proton injection
energy of 38 .8 MeV and the maximum electron energy of 100 keV (180 MeV p).
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a typical 2-D POISSON field line patternfor the X magnet
[4] . Due to the race-track type coils there is an appreciable
amount of stray flux . We did not expect saturation in the X
magnet since we had checked the field for a double current
of 570 A resulting in a maximum B value only 7% lower
than linearly extrapolated. The surprise happened when we
measured the fabricated device. The X magnet started to
saturize already at 100 A reaching only 68% of the design
field at 285 A .

180 $

Im

Fig . 2 : Mechanical dimensions of the X-Y window frame
steering magnet.

Repeating the field calculations with the 3-D computer code
PROFI [5], saturation was confirmed showing an excellent
coincidence between measured and calculated field, both
for the maximum magnetic field, Fig . 4, and the effective
length, 0.35 m. The maximum flux density in the X magnet
yoke was calculated to be 2 .02 T connected with a relative
permeability of 20 . In all computer calculations the p values
for the real material (swedish dynamo grade iron sheet CK-
37) were used.

Discussion
It became obvious that our short window frame magnet with
the race-track coils can only be fully understood in a 3-D
model . A simplified geometrical argumentation tells us that
only the current inside the iron yoke should contribute to the
useful flux 4u and all currents outside the iron produce stray
flux Os . In the case of our race-track type coils, Fig . 2, this
ratio Ohs is 1 :1 .85 . The useful flux is given by

= te a (w/2) Bmax = 0 .35 (3212) 0 .114 = 0.0064 Tm2 .
The flux density in the iron yoke would then be
B y = 4) . (I + M,)/A y = 0.0064 (1 + 1 .85)1(0 .3 • 0 .04) =
1 .5 T, not enough to explain 2 .02 T. (leff effective length, w
effective width, B r . maximum useful flux density, Ay yoke
cross section area) . But there are additional field clamps on
both front edges acting as magnetic short circuits . From
effective length calculations - possible also with a 2-D
POISSON procedure [4] - we know that with the given field
clamp geometry 26% of otherwise useful flux are lost and

added to the stray flux . The ratio of useful/stray flux is then
(1 - 0 .26)1(1 .85 + 0 .26) = 1 :2 .85, resulting in a yoke flux
density of 1 .5 • 3 .8512 .85 = 2.03 T clearly indicating
saturation . The surprising coincidence of this number with
the 3-D PROFI result, however, might be accidental.

Fig. 3 : 2-D POISSON field line pattern for the horizontal
(X) steering part of the magnet, 285 A . The ratio of
useful/stray flux is independent on the current. It is
important to extend the outer field boundary up to
about 4 times of the typical dimension of the
magnet in order to get a correct result . The ratio of
useful/stray flux for this "infinite long" window
frame magnet is about 1 :1.

Conclusion
The saturation in our window frame magnet is caused by
several factors:
- high gap,

	

200 mm
high field,

	

0,18 T
- short length,

	

300 mm
race-track type coils
field clamps on both sides

Saturation could have been foreseen with the above
geometrical consideration, but in 1990 nobody of us was
aware of the decisive influence of the field clamps . It should
be noted that the end plate of the compensation solenoid
acts as a natural unavoidable field clamp, Fig . 1 . For a
proper design under such critical circumstances a reliable 3-
D computer calculation like the 3-D PROFI code is
indispensable. We have also studied saddle-type coils with
the expected result that there is no saturation within the
given

	

theIf t e geometrical edge.ical edge conditions would~	
permit saddle-type coils, those with longitudinal bendings at
the front ends would be the best solution . Our decision now
is to increase the thickness of the vertical yoke from 40 to
60 mm making allowance for an even larger ratio of Ms .
The maximum B value is expected to be at least 85% of the
original design value and since the effective length does not
change this will be sufficient for the operation of the COSY
electron cooler solenoid at 0 .12 T M . By taking away the
field clamps at the toroid edge of the X-Y steerer one could
increase the effective length, however, one has to cheek

rf,we./eW_

ii.
<0 ]80
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whether the good homogeneity of the existing magnet,
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despite its saturation, will be maintained, Fig . 5.
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Fig. 4 : Comparison of measured and calculated magnetic
field 13n,,; for the X steering part in the center of
the magnet versus current, 108 windings.

Fig . 5 : . Measured B field map for the X steering part of the
X-Y window frame magnet in the plane Y _ 0,
X ± 55 mm, measured at 280 A. Effective
length, 0 .35 m, and homogeneity, lower than 10-2,
are only little affected by saturation .
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Fast temperature measurement system for the COSY extraction septum magnet

M . Sauer, P . Birx, H . Borsch, M. Ebel*, K . Kruck, M . Lange*, J . Schmitz, H . Schneider

Technical Requirements
At the position of the electromagnetic septum naturally
there are only limited space available . Due to this limited
space a very compact design and tied construction of the
magnet-system including the magnet coils are essential . As
a result of this compact coil design the current densities for
our septum magnet are increased up to 80 A/mm2 and a
power dissipation of 300 kW have to be managed . A very
powerful and reliable cooling system is necessary, because
of any disturbance of only a part of the cooling system the
coil will burn out within 1 .2 s . Therefore a very fast tempe-
rature control and interlock system is also necessary which
can not be setup with standard temperature control compo-
nents. Due to the construction of several parallel cooling
circuits throughout the coil-system any disturbance of only
one of the cooling circuits must be detected.

DSP Solution
As a possible solution of a suitable fast temperature control
the measuring of current and voltage at the coils are inven-
ted and via calculations the resistance of the coil, the resi-
stance temperature coefficient and the temperature are
computed. Due to the serial connection of the windings or
coils (electrically) and the parallel connection of the coo-
ling circuits the dependence of the resistance deviation by
failing of only one cooling circuit is rather low . Therefore
not only a fail-safe and very fast but also a very sensitive
control system are necessary wheree current[eiLtr or r̀'Ci~,ltw. .go signali
disturbances will be ignored but real temperature deviations
must be detected . Furthermore different experimental cur-
rent settings hat to be accepted.
The hardware solution consists of a Digital Signal Proces-
sing system (DSP) which will monitor and control conti-
nuously the coil parameter (current and voltage). It per-
forms filter functions (butterworth low pass filter with
I kHz cutoff frequency ; see Fig . 1) and calculates the ma-
gnet coil resistance and resistance temperature coefficient
as well.

Fig . 1 : Butterworth Filter in Z-notation

In a previous performed accurate measurement series the
coil parameters of the septum magnet are measured . The
calculated resistance and temperature coefficient were sa-
ved in DSP memory (ROM) . To control the actual tempera-
ture behavior the actual measured and calculated values are
compared in accordance with the previous performed accu-
rate measurements . The deviation between measured and
calculated resistance versus magnet current can he seen in
Fig . 2 .
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Fig . 2 : Deviation between measured and calculated coil
resistance

When exceeding a certain threshold value this event is
counted . Within a window of 64 measurements the number
of counted events must not exceed a programmed number.
If this will happen the power supply is switched off. In
Fig . 3 . ü~ voltagehe~.

	

(sensitivityversus temperature are shown Eacie~ic.ividy

of the system) .
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Fig. 3 : Voltage deviations and threshold temperature
versus current

Moreover due to the COSY extraction magnet where two
coils are driven in series the voltage value of both coils can
be compared which will give a control function of the sym-
metricaI behavior.

The following overall values, resolutions and criteria were
achieved:

resolution of voltage measurement : 2.5 . 104 = 11 .5mV
resolution of the current measurement : 5 .104

	

0.73A
time of error recognition : 1 .3 - 3 .4 ms
trip criteria: I . absolute temperature

	

> 80°C
2. tolerable temperature

deviation between both coils At4 1 � 1K
3. tolerable temperature

deviation between calculated Avz<_ 10K
and measured value

In case of 40 exceeding events (criteria) within 64 measu-
rements . the power supply will trip . The overall tripping
time including the power switch reaction time is about
50 ms.
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Development of the USE-System

F.-J . Etzkorn, G . Heinrichs l , S . Papureanu, A . Schnase, and H . Stockhorst

Introduction
The system for Ultra-Slow-Extraction consists of a pair of
digital noise generators [11 and two kicker-structures [2]
with the corresponding amplifiers and matching circuits.
This system is used for first beam shaping experiments on
the proton beam at COSY [3] . The former laboratory
system is now optimized for real application.

S finalgeneration
The bandwidth limited noise is generated with a digital sys-
tem (see fig . 1) consisting of two numerical oscillators.
Their digital outputs are added and fed to a DAC that pro-
duces the analog shaped noise. The NCOs are phase-modu-
lated with a complex sequence that is stored in a memory
bank . This design has been applied for a patent [41 . A first
version of this set-up used 256 Kwords for each NCO, the
actual version contains 2 Mwords to store the phase modu-
lation sequence . With a phase modulation data rate of 12,5
Mwords/NCO the frequency resolution of the noise shape is
5 .96 Hz. The clock frequency of 50 MHz allows with a 32
bit frequency word an adjustment of the center frequency in
11 .6 mHz steps.
A DSP on each memory-board calculates the phase sequence
off-line . It is also possible to compute and store sequences
on a workstation . The sequence generating the desired noise
shape is then transferred via network to the memory bank.

frequency

Fig. 1 : Layout of the noise generator

The generation of noise is straightforward, although there is
a lot of mathematics behind [5] . The pink noise to be gen-
erated is given in discrete steps in frequency domain (see
fig. 2) . This spectrum is treated as a set of oscillators oper-
ating at different frequencies with different amplitudes . This
information is translated into the two phase modulation-se-
quences for the NCOs . Both phase sequences contain the
phase shift corresponding to the frequency distance of the
single oscillator to the center frequency f0 . The amplitude
of this oscillator is then transformed into a phase difference
between both NCOs.
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d cif

Fig . 2 : discrete power spectrum as goal function

In fig . 3a an example of an arbitraryly calculated spectrum
is shown and fig. 3b demonstrates the corresponding analog
signal, synthesized with the noise generator.

Fig . 3a: Example of a calculated power spectrum
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Fig . 3b : the measured spectrum to fig . 3a

As mentioned before there are two noise systems . One op-
erates with a fixed clock frequency of 50 MHz to synthesize
a noise at a fixed place in the frequency spectrum. This is
used to shape the beam . The second system, with a second
amplifier and a second kicker, operates with a variable clock
frequency to generate a noise that is swept over a small fre-
quency span . This clock [61 is variable in a range from 40
Iviflz to 60 Ivf-iz, but for normal operation it operated from
about 49.9 to 50 .1 MHz depending on the desired span.

RF-matching of the USE-Kicker
The noise system is intended to operate on different har-
monics of the accelerated beam . The kicker is a band-width
limited system, so there are two different modes that are se-
lected with relays (see fig . 4) . A wide band mode (see fig.
5a) gives a lower voltage on the USE gap, but allows a fre-
quency range from 2 MHz to 16 MHz . A conventional 50
S1 load resistor acts as a shunt impedance, A narrow band
mode (see fig . 5b) produces a higher voltage with less
power and works from about 4 MHz to 7 MHz . Therefore a
custom made arrangement of resistors was built that gives
an impedance of 250 fl, withstands an rf- power of more
than 500 W and does not disturb the rf-characteristic of the
kicker structure. The resistor-array is housed in a metallic
tube and is air cooled with a fan.

-40

-6o

-80

-1o0 -

11,8811,80 12,0411,96
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to allow several consecutive measurements . This is useful
for averaging or to measure the change of the beam distribu-
tion as a function of time.

ENI A500
Fig . 4 : RF-matching of one Kicker-structure

Kicker cooled, 2 amplifiers, 40m cable.
Rp = 5052, Phf LL 1000W, Ugap max = 205,2 Veff

frequency
Fig. 7: generated and measured spectra

This system will help to fulfil the requirements for a long
duration and constant spill rate of the extracted beam trans-
ported to the external experiments at COSY.Fig . 5a : Kicker measured in broad-band mode

Fig . 5b : Kicker measured in narrow-band mode

First experiments
The experimental set-up for the first experiments [3] is
shown in fig . 6 and fig . 7 sketches the involved frequency
spectra. Noise generator 1 (DSPI) generates a noise shape
with fixed center frequency . The amplitude is controlled
with a DAC and an analog multiplier . An attenuator
switches this noise signal on or off, depending on the state
of a Flip-Flop that is triggered by the COSY-timing sys-
tem (Timswarte 1 and Timswarte 2) . The second noise gen-
erator (DSP2) generates a swept noise . This starts after the
fixed noise is switched off . The Fl1'-spectrum analyzer, a
HP 89440A, is triggered with a pulse generator HP 8116A,
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Towards a cavity for higher harmonics

F.-J . Etzkorn, S . Papureanu, A . Schnase, and H . Stockhorst

Introduction
In a collaboration [1], [2] between COSY, Jülich and
SATURNE, Saclay, we are working on an acceleration
station that permits acceleration with a superposition of the
fundamental frequency together with higher harmonics at
the same time . These non-sinusoidal waveforms are useful
for bunch manipulations, acceleration with a fiat-top region
in the gap-voltage for y-transition [3], stochastic cooling
with a bunched beam, and for faster crossing of y-transition
with a phase jump . Several aspects are different from a
cavity operating with a sinusoidal gap voltage. The cavity
uses another type of material : VitroVac® instead of ferrites,
signal generation is more complex, the phase and amplitude
relations between the harmonics have to be compensated
and controlled . Finally, tests with high power rf-signal are
necessary before such a system can be installed at COSY .

The harmonics are generated with a set of oscillators shown
in fig . 2. In generating the harmonics with analog os -
cillators problems arise, because phase shifts, impedance
variations in the cavity (a complex load), etc . alter the pulse
shape. The problem worsens with a swept frequency . A
digital signal synthesis technique (fig . 3) allows frequency
ramps preserving the waveform shape, guarantees a phase
adjustment of better than 0 .02° within a full 360° range, and
16 bit amplitude control for the harmonics . The design
bases on a two-stage DDS. An NCO (Numerically
Controlled Oscillator) running at 1024 MHz clocks the di-
gital elements . Complex multipliers adjust the complex
values delivered by Iookup-tables in real time and feed 12
bit DACs . The NCO and the complex coefficients are
computer-controlled. The harmonics are added, and the sum
drives the power amplifier of the wide band cavity . This set-
up was the basis for first tests [1], [2].

Si nal nthesi
We favour a synthesizer that generates the fundamental and
at the same time the second and the fourth harmonic.

vgal
=~•rrs(27fat+0 1 )

+a2 . cos(4ifat+02 ) + x4 . cos(prtfat+ ¢4)

The gap voltage v gap is a fourier series with the amplitudes
at, a2, and a4 and the phases 01, 02, and (04.
The "normal" acceleration voltage is described by

v(0) = vo sin(O)
a linearized voltage will be provided by

v(¢)=va .(sin 0- a sin20+ ssin40)
for stochastic cooling with bunched beam one would use

v(r~) = vo • (sin ¢ - 8sin+ 16sin 4¢)

and for y-transition crossing [3] one would apply

v(0)=vo•(cos -*cos 20+ cos4€ )
for about 20 ms . Figs . la and lb show these voltages.
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Fig . lb : voltages for stochastic cooling and y-transition

Signal synthesis relies on predictable transfer functions of
all elements in the signal paths . To minimize errors a fully
synchronous design performs the digital processing . The
digital clock is an integer multiple of the revolution
frequency fa[6] . A temperature compensated crystal oscil-
lator combined with a NCO (fig . 4) separates the require-
ments . The TCXO guarantees accuracy and stability over
environmental changes and the NCO allows precise tuning.

synchronised oscillators ¢4	a 4

Fig. 2: principle of higher harmonic synthesis

4 a4 ,
Fig. 3: digital realisation of fig . 2 with synchronized
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Fig . 4 : clock generation with TCXO and NCO
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frequency IMHz

Fig. 7 : gap-impedance of the VitroVac®-filled cavity

The NCO generates the clock at 64 times the revolution fre-
quency fa . The clock rate of 32•fa drives the DACs and
16•fa all other digital components . This feature is described
in more detail in [2] and implies that the algorithm operates
frequency-independent.
For tests, the synthesizer was PC-controlled via 96 parallel
I/O-lines . The frequency is given with 24 bit, equivalent to
a resolution of the fundamental of 0 .12 Hz (range: 200 kHz
to 2 MHz) and of the fourth harmonic 0 .48 Hz (800 kHz to
8 MHz) . Amplitude ah and phase Oh of the harmonic h are
normalized to fit into 16 bit two's complement integer
numbers : f ah•sin(2rt fat .h) ; ah •cos(27 fat•h) ].

Behaviour of the Vitro Vac filled structure
The tuning process of a cavity relies on moving the work-
ing conditions on the B-H curve of a non-linear material
with a DC-field Hext, demonstrated in fig. 5 . The rf-voltage
with the field HHF produces sub-loops shown for different
values of He x ; with tangents a and b. The cavity [1] uses
the material VitroVac® 6025F with the characteristic
graphed in fig . 6 .

The impedance pattern of the VitroVac-filled cavity (fig . 7)
is broad band and allows a much faster phase jump for y-
transition as shown in fig . 8a compared to the ferrite-filled
(h=1)-cavity (fig . 8b) installed in COSY . The following
table lists parameters of the two different structures:
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0
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Fig . 6: VitroVac 6025F hysteresis
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Fig . 8a: phase jump 180° with VitroVac-cavity
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Fig . 8b: phase jump 180° with ferrite-filled (h=1)-cavity
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Tests with 10 kW rf-power
The VitroVac-cavity was tested to produce higher harmonic
waveforms for transition (see fig . 9 [1], and [3]) and for
stochastic cooling with a bunched beam (see fig . 10 and
[1]) . It is important, that the signal at the output of the
synthesizer is pre-distorted to compensate the transfer
functions of the analog elements. The curve "grid" refers to
the signal found on the control grid of the power tubes.

Fig. 10: synthesised voltages for stochastic cooling

To perform these tests a TurboPascal-program controlled all
variables and allowed simultaneously ramping of frequency,
amplitude, and phase to compensate the influence of the
cavity on the signal shape.
Before these higher harmonic signals are applied to the
protons parameter studies with a longitudinal program [4]
are necessary to calculate the effects on the beam.

Controlling the relations between higher harmonics
Another important aspect is to control and compensate the
relations between the fundamental and the higher har-
monics. In [6] the synthesizer part and the control loop of
COSY are described : the hardware basis . By measuring the
phase and amplitude relation of each harmonic component
to the fundamental, it should be possible to keep the
waveform stable over the full frequency range and to
compensate drift effects of the analogue parts . We hope to
apply a digital control scheme for optimum feedback
philosophy, which is mentioned in more detail in [5] and
[7] . Such a feedback-system is now under development and
will be based on the digital cavity tuning described in [8] .

Conclusions and next step
A combination of a synthesizer who is able to generate
precisely adjusted harmonics in real-time with a broad-band
acceleration structure promises interesting acceleration expe-
riments . Some problems remain, regarding the stability of
the resonator as a function of temperature and drifts
occurring in amplifiers and power supplies.
The maximum voltage at the acceleration gap has to be
increased to actual parameters used in COSY . For this
reason we have to replace the actual 10 kW tube amplifier
with a 50 kW type, almost equal to the one used in the
(h=1)-cavity . The mechanical structure was built in the
ZAT (KFA), and the tubes and transformers were delivered
by Thomson Tubes Electroniques . The assembly is done by
the COSY rf-group . We were able to improve the con-
struction of this amplifier, because we drew benefits from
the operational experience with the (h=1)-cavity.
It is important to test the VitroVac-cavity in Saclay with
50 kW of sinusoidal signal to guarantee an operation mode
comparable to the existing (h=l) cavity. If this test gives
positive results, we want to add the higher harmonics.
Another step is to prepare for a test installation at COSY.
Involved is a change in the vacuum system and the water
cooling system . Power connections are added and control
lines have to be installed.
After that, we will any acceleration with this cavity. First
with a sinusoidal signal and then with higher harmonics.
For the latter, we have to make sure, that we can control
the relations between the harmonics in real time. The last
step would be to plan the replacement of the existing (h=l)-
cavity with the VitroVac-cavity.
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A ferrite-loaded cavity tuned to the actual revolution
frequency [1] in the range from 460 kHz to 1,6 MHz
produces the electrical field for acceleration in COSY. The
tuning process is described in detail in [2] The stability of
the involved feedback loop is the basis for successful
acceleration and is a rewarding object for optimization.

Analogy tttnin

	

g
As is pointed out in figs . la and lb with a full cycle from
440 kHz to 1640 kHz and back to 440 kHz the tuning-
current of the cavity depends on the frequency, and on the
amplitude of the rf voltage at the acceleration gap, too . The
actual frequency is measured and scaled to give a linear and
approximate polarisation current following the real value
within 10%. A control loop measures the phase difference
between the voltages at the acceleration gap and the grid of
one power tube and tunes the cavity to a phase difference of
180° so that it behaves like a real load .

The circuit operates at 20 MHz with 12 bit resolution ADC
and 16 bit processing . The advantages of such a phase-
detector are that it uses the full cycle of the input signal
(not only the zero-crossings) and operates as a synchronous
receiver . So it allows phase measurements at several
harmonics, necessary for controlling the cavity for higher
harmonics [5].

A digital tuning system for the ferrite-loaded coaxial resonator at COSY

~. ~ . Etzkom, S . Papureanu, A . Schnase, H. Stockhorst, and M . Wevelsiep

Fig. 2: Digital test system
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Fig . 3a: Schematic of one digital phase-detector
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Fig. la: Tuning current vs. frequency, "normal" rf-
amplitude (DAC-Voltage 4 .0 V, COSY-GUI)

Digital test system
In contrast to the analog type, a digital control loop can be
designed to use more knowledge of the process . The
measured dependency of the polarisation current on
frequency, amplitude and sweep direction (see fig . la and
lb) will be stored in a memory to give a better approxi-
mation . During each acceleration ramp a digital control
loop analyses what has happened to utilise this information
for the next ramp . This fits to the operation mode of an
accelerator where only small changes from ramp to ramp
occur. If the changes are outside a specified interval the
DSP assumes that a new ramp is used and the optimization
process starts from the initial values stored in memory.
The concept of such a digital control loop [3] is verified in
a test system shown in fig. 2 . The digital phaCe comparator
bases on digital downconversion (fig . 3a) described in [4] .

Two of these circuits and an adder measure the phase-differ-
ence between two channels (fig. 3b) in a full 360°-range.

The digital P1D compensation in fig. 2 reacts on the input
sequence «n) with the output sequence g(n):

g(n) _ P e(n) + e(i) + D (e(n) - e(n -1))

Control inputs serve to reset and freeze the information.
The approximation routines for the DSP 32 C (from
AT&T, [6]) are written in C on a PC-based development
system. The DSP is placed on a ViviEE-Card and com-
municates via the VME-bus to an E6-CPU . As the DSP is
`slower' than the data-rates delivered from the COSY-
function generators, the incoming data is undersampled and
the software checks, if the incoming data are consistent.
There is a time-out provision that ensures that the last
value - for instance in DC mode - is not lost.
The driver card is a combination of a 16 bit DAC with
Sample & Hold together with optical-coupling to prevent
ground loops.
The DSP-program uses the stored function for the first
ramp, monitors the behaviour of the PID compensation and.
consecutively adapts to the following ramps.
The stability of this non-linear time-varying system can
only be checked with experiments or with simulations, not
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with control system theory . The system has to be
optimized in a way that small and also big deviations are
damped. Important conditions are that the PID compen-
sation does not produce overshoot, and that the stored data
points are `smooth'.

Tests with a cavity model
The (h=1)-cavity was not available for experiments, because
it was used in production . A test system (fig . 4) simulates
the cavity by two original ferrite cores Philips 8C12 which
are magnetised by 320 windings for polarisation and 12
turns for the rf-signal . A 100 pF capacitor completes the re-
sonant circuit . With a tuning current in the range from 0 to
8 A the resonance can be shifted from 500 kHz to 1 .7 MHz
- a frequency-range comparable to the (h=l) cavity . The
signal synthesizer is the same type used for acceleration in
COSY. The function generators are simulated by a PC.

Fig . 4 : Test system with simulated cavity

Experiments have shown that there are more than one res -
onance - this is due to the fact, that the inductors with
ferrite cores behave like a complicated system with dis-
tributed elements . The current supply had a limited band-
width (<100 Hz), so that all results can be treated as worst
ease . The parameters of the PID compensation and of the
DSP program were found empirically, a simulation with
PSPICE gave only a good starting point.
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Fig . 5b: output signal PID-compensation, first ramp

time/s
Fig . 5d : estimated current (DSP), consecutive ramps

.

	

:

	

.

	

~

	

.

	

.

	

.

	

.

	

~

	

,.

	

.

	

,.

	

.

	

~

	

.

	

.

	

.

	

.

	

~

	

w

	

.

	

.

	

.

	

~

___	.

	

..... .

	

.

	

. .

	

.	 s

	

..-

@ . _tl .lf6E¢B4jis~~

	

~

It

	

~

5

The diagrams (fig . 5a to 5f) show for the first and the
following ramps the current estimated by the DSP, the
remaining correction signal of the PID compensator and the
resulting phase deviation of the tuning . The frequency
sweeps in 2.2 s from 900 kHz linearly to L6 MHz and
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back again to 900 kI-fz . It is obvious that the system has
`learned' after the first ramp . The estimated current is more
precise and the PID compensator does an easy.. job . This
reduces the resoluting phase deviation.

Imrovements of the analog (h=l)-system
Measurements for the (h=l)-cavity parameters have shown
that there is some rf-cross-talk between the cables carrying
the tuning current and other rf components . So we added a
low-pass filter in the tuning loop, using a VitroVac-toroid
and two 100 nF capacitors . Two turns of 25 mrn2 copper
wire yield an inductance of 1 .3 mH. Fig . 6 shows the
configuration for currents up to 100 A and figs . 7a and 7b
show the resulting tuning functions with this filter . The rf-
voltage that was present without this filter on the tuning
cables (up to ± 50 V depending on the frequency) is now
reduced to about ± 200 mV Additionally a grounded iron
tube shields the cables . These experiments have helped to
improve the performance of the cavity, and now the digital
tuning system will solve the remaining problems with the
hysteresis .
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1'1m ec
The results with this type of control loop have to be
verified with the real, now improved, (h=l)-cavity . When
the higher harmonic cavity [5] is tested for application at
COSY, we will also need this control loop for stable
tuning using non-sinusoidal waveforms.
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Experiments on Longitudinal Beam Shaping
Using a Novel Digital Narrow Band Noise Generator

H. Stockhorst, A . Schnase, S . Papureanu, G . Heinrichs l , U . Bechstedt, R . Tölle

Abstract
A novel digital rf-noise generator [1,2] was used to excite
the COSY-beam longitudinally at a certain harmonic of the
revolution frequency . Rectangular shaped noise spectra with
bandwidths of the order of 10 kHz and frequency resolution
of about 6 Hz were used . The beam distribution was
measured during shaping and after switching off the noise
source in dependence of bandwidth and amplitude of the rf-
noise .

noise generator will create noise sequences with a frequency
resolution down to about 6 Hz and carrier frequencies up to
20 MHz. The bandw i dth can be chosen in the wide range

from 1 kHz up to 100 kHz . Typical roll-off characteristic of
the order of 10 dB/Hz are achieved. Two independent digital
noise generators are available . Both allow to control the
amplitude of the signal and can be triggered by COSY-
Control . One module is capable to deliver swept noise with
controlled speed.

Fi

Introduction
The application of specifically shaped noise covers a variety
of important ; stigations in accelerator physics, such as
beam transfer measurements [3], sensitive measurements of
longitudinal beam aperture, controlled beam heating for
electron cooling [4] as well as for ultra slow extraction
(USE) [5] . Conventional extraction at COSY will be made
by creating a third integer resonant condition by sextupole
excitation and sweeping the beam as a whole through the
resonance in shifting the horizontal tune of the machine [6].
In this extraction scheme the beam can be considered as a
rigid body from which single slides, corresponding to
certain momenta, are consecutively taken. Consequently,
the momentum of the extracted particles will vary with
time . On contrary, the idea behind USE is to move the
beam across the resonance by a diffusion process . Firstly,
precisely shaped narrow band noise centred on a harmonic of
the revolution frequency will be used to transform the
initially Gaussian-like distributed beam into a rectangularly
shaped distribution . Secondly, to drive the beam towards the
resonance, band limited noise, permanently covering the
extraction resonance, will be slowly moved across the
previously shaped beam distribution . This causes the
particles to undertake a random walk within the noise
bandwidth thereby filling up any void in longitudinal phase
space. Particles reaching the resonance will be extracted
from the circulating beam. By properly forming the
extraction noise spectra, a diffusion process can he induced
which significantly reduces discontinuities in the spill rate,
and important as well, will make the average momentum of
the extracted particles nearly constant in time with
considerably abridged momentum spread. In addition, the
speed at which the noise is swept across the shaped beam
distribution will control the course spill rate of the extracted
particles.

The Di i RF- is Gen r or
Several methods exist to create band limited noise signals.
With one exception [7], where the noise spectra are created
digitally and a double balanced analog rf mixer is used to
convert to the desired revolution harmonic, analog compo-
nents have been used to build up noise sources and tuneable
high quality filters . At COSY a new noise generator [1,2]
basing completely on digital signal processing technology

has been developed. This offers the possibility to tailor
sharply band-limited noise spectra of arbitrary shape, a
feaYure which probably becomes important when conside-
ring the transient behaviour of the spill rate . The novel

Results
Longitudinal beam shaping was studied for debunched
beams in flat top of a COSY Cycle with approximately one

minute flat top length . One noise generator which could be
switched on for a predefined time duration was used . After
power amplification the output of the noise generator was
fed to a longitudinal kicker. The response of the beam to
the longitudinal excitation was observed with a beam
position monitor of COSY in common mode operation . In
addition, the beam current was monitored to adjust the noise
bandwidth so that no particle losses could occur during
beam heating . Figure 1 to 3 show Schottky scans around
the third harmonic of the revolution frequency after 10 s
noise excitation for different noise amplitudes with 5 dB/div
and 10 kHz span. Note, that the upper lines appearing in
the figure are due to interference frequencies and are not
affected by the noise.
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The rectangularly shaped noise spectrum of width 4 kHz
was centred at the fourth harmonic so that the third
his reflects the beam distributiion Figure 1 shows the

undisturbed beam spectrum (amplitude 0) . The figures
demonstrate that the beam shape becomes flattened with
increasing noise amplitude . The beam spectrum attains a
width of 3 kHz (Fig . 3) as expected according to the
equation ®fm = (m/n) • Bf„ where n is the harmonic
number at which the noise of bandwidth nfa is applied and
m denotes the harmonic at which the beam is observed . In
this case rn _ 3 and n = 4. The spectrum in fig . 3 is dog-
eared indicating an enhancement of particles near the
boundary of the distribution . Random walk simulation
show that this is due to the sharp edges of the exciting
noise spectrum. This enhancement can be reduced by a
corresponding shaping of the noise spectrum . On the other
hand the sharp edges could be of advantage for fine longitu-
dinal acceptance measurements. In further tests, noise of
constant amplitude but different durations had been applied.
From this the expected role that duration times amplitude is
constant could be derived . Figure 4 (5 dB/div, span 10 kHz)
shows the Schottky scan of the beam distribution at the
first harmonic, 1 .239 MHz, after 10 s asymmetric noise
excitation . The beam was excited at the fourth harmonic,
4 .956 MHz, with rectangular shaped noise with a bandwidth
of 6 kHz . However, the centre was shifted upwards by 3
kHz.
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Fig . 4 : Schottky scan around the revolution frequency after
shaping with 6 kHz noise bandwidth around the 4th
harmonic. The noise centre is shifted by +3 kHz.

As expected only particles lying in the right handside of the
distribution diffuse into the range of higher momenta . For
comparison the figure also contains the spectrum of the

undisturbed beam distribution . The low lying lines in the
spectrum correspond to interference frequencies.

Conclusions
The novel narrow-band digital noise generator could be
successfully tested for controlled beam shaping. Previous
longitudinal beam transfer function measurements [3] using
the novel digital rf-synthesizer to excite the beam yielded
equivalent results as obtained by applying an analog noise
source. This confirms the result following from the current
measurements that a frequency resolution of about 6 Hz
seems to be sufficient for longitudinal beam shaping
applications. Indeed, a controlled diffusion was observed . It
was demonstrated that the diffusion coefficient could have
been influenced by the amplitude of the applied noise.
Depending on the duration of the excitation and due to the
sharp cut-off of the noise spectra the resulting beam
distributions exhibit a steep slope of the edges superim-
posed with shorn spikes Thee stepping the bands:4ddd: of
the excitation noise would allow a fine probing of the
longitudinal acceptance of the machine . Future steps have
to include improved tailored noise spectra for shaping and
swept noise spectra to move the shaped beam towards the
resonance . In order to keep shaping time short low noise
amplifiers have to be incorporated . The final stage will
contain at least two noise spectra of different power density.
One which is used for shaping with a fixed carrier
frequency, the other one for sweeping across the previously
shaped beam. In addition, the application of more powerful
noise, centred around the resonance, can serve for reducing
ripple in the spill signal.

References

[1] G. Heinrichs et al ., "A Narrow-Band Digital RF-Noise
Generator", EPAC 94, London, 1994

[2] R -J . Etzkorn et al ., "Development of the USE-
System", II.P Annual Report 1994

[3] U. Oeftiger, "Measurement of beam properties and
beam environment in LEAR and COSY using RF
excitation methods", Berichte d. Forschungszentrums
Jülich, Jill-2977, 1994

[4] U. Schaaf, "Schottky-Diagnose und BTF-Messungen
an gekühlten Strahlen im Schwerionenspeicherring
ESR", GSI-91-92, 1991

[5] S . van der Meer, "Stochastic Extraction, A Low-Ripple
Version of Resonant Extraction", CERN/PS/AA 78-6,
1978

[6] R. Maier et al., "Status of COSY", EPAC 94,
London, 1994

[7] F. Holden et al ., "A Digital Synthesizer of Coloured
Noise", GSI 92-1, 1992, p . 442

1 ZEL, Forschungszentrum Jülich GmbH

„iii"~
~~~~~

~ f f

~ . ., .>, .,rs ssena 10 sr~

Fig. 3 : Schottky scan observed at the 3rd harmonic after
shaping with amplitude 8.

Or Y Scaca .ua
Gr .-eS

e5

P .C)6 [9

•25 .5 ._
sa^e s$9 F57 .SD M8

c .xes

it

Le6,tcy

- 228 -



The rectangularly shaped noise spectrum of width 4 kHz
was centred at the fourth harmonic so that the third
harmonic reflects the beam distribution . Figure 1 shows the
undisturbed beam spectrum (amplitude 0) . The figures
demonstrate that the beam shape becomes flattened with
increasing noise amplitude . The beam spectrum attains a
width of 3 kHz (Fig. 3) as expected according to the
equation Afr,, = (m/n) dtfn where n is the harmonic
number at which the noise of bandwidth 64 is applied and
m denotes the harmonic at which the beam is observed . In
this case m = 3 and a = 4 . The spectrum in fig . 3 is dog-
eared indicating an enhancement of particles near the
boundary of the distribution . Random walk simulation
show that this is due to the sharp edges of the exciting
noise spectrum. This enhancement can be reduced by a
corresponding shaping of the noise spectrum . On the other
hand the sharp edges could be of advantage for fine longitu-
dinal acceptance measurements . In further tests, noise of
constant amplitude but different durations had been applied.
From this the expected role that duration times amplitude is
constant could be derived . Figure 4 (5 dB/div, span 10 kHz)
shows the Schottky scan of the beam distribution at the
first harmonic, 1 .239 MHz, after 10 s asymmetric noise
excitation . The beam was excited at the fourth harmonic,
4 .956 MHz, with rectangular shaped noise with a bandwidth
of 6 kHz . However, the centre was shifted upwards by 3
kHz .

undisturbed beam distribution . The low lying lines in the
spectrum correspond to interference frequencies.

Conclusions

The novel narrow-band digital noise generator could be
successfully tested for controlled beam shaping . Previous
longitudinal beam transfer function measurements [3] using
the novel digital rf-synthesizer to excite the beam yielded
equivalent results as obtained by applying an analog noise
source. This confirms the result following from the current
measurements that a frequency resolution of about 6 Hz
seems to be sufficient for Iongitudinal beam shaping
applications . Indeed, a controlled diffusion was observed . It
was demonstrated that the diffusion coefficient could have
been influenced by the amplitude of the applied noise.
Depending on the duration of the excitation and due to the
sharp cut-off of the noise spectra the resulting beam
distributions exhibit a steep slope of the edges superim-
posed with sharp spikes . Thus, stepping the bandwidth of
the excitation noise would allow a fine probing of the
longitudinal acceptance of the machine, Future steps have
to include improved tailored noise spectra for shaping and
swept noise spectra to move the shaped beam towards the
resonance. In order to keep shaping time short low noise
amplifiers have to be incorporated. The final stage will
contain at least two noise spectra of different power density.
One which is used for shaping with a fixed carrier
frequency, the other one for sweeping across the previously
shaped beam . In addition, the application of more powerful
noise, centred around the resonance, can serve for reducing
ripple in the spill signal.
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Fig . 3 : Schottky scan observed at the 3rd harmonic after
shaping with amplitude 8.
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Fig . 4 : Schottky scan around the revolution frequency after
shaping with 6 kHz noise bandwidth around the 4th
harmonic . The noise centre is shifted by +3 kHz.

As expected only particles lying in the right handside of the
distribution diffuse into the range of higher momenta . For
comparison the figure also contains the spectrum of the
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Status of the COSY Vacuum System

L. Conin, V . Vau

The COSY vacuum system is designed for ultra high
vacuum operation with a rated base pressure of 1 . 10" 10 hPa
in the storage ring . All components of the ring are bakeable
to temperatures of 300°C.

After the final assembling of the extraction beam line and
the commissioning of COSY in the past year the vacuum
system was under operation during the whole year 1994.
Exceptions are just some changes in the vacuum system and
the EDDA experiment and the installation of the first
stochastic cooler tank and one more in line experiment into
the COSY beam line . In all these cases we just vented the
concerned sections so that the major part of the vacuum
system remained under vacuum.

The installation of components as well as changes on the
already installed experiments in particular when they are in
operation require ventings to air several times per year . In
order to operate COSY as much as possible and due to the
low vacuum requirements in this early state of maintenance,
there was no time spent for bake outs after the ventings to
air. The users are satisfied by the vacuum conditions when
the system is running under unbaked conditions . The
pressure we achieve in this mode is between the low 10-9
hPa range and the high 10110 hPa range . This is done by just
operating the approximately 70 sputter ion pumps of the
COSY ring and leaving the 120 titanium sublimation pumps
unemployed.

The status of the vacuum system is permanently controlled
by a quadrupole residual gas analyser, ranging up to 10 - '4

hPa per atomic mass unit. Eight analyser heads are served
by one control unit in multiplexing mode. Figure 1 shows a
typical mass spectrum of the unbaked COSY vacuum
system. The total pressure is in the 10116 hPa range. It is
achieved after several month of pumping. The dominating
hydrogen pressure and the low water vapour pressure
indicate a clean system which shows almost the same
partial pressure distribution of the residual gas as a baked
vacuum system . Hydrocarbon fractions are practically not
detectable and far below the specified 5 . 10.13 hPa per mass
unit .

In 1994 we had no leaks in our system. This success is
probably the pay on the effort of giving a final test to
absolutely every component exposed to vacuum . We were
used to do so during the assembling of the COSY system
and we still handle all components of experiments this way.

An additional reason of our successful vacuum maintenance
is perhaps the use of the VATSEAL gasket system which is
able to resist high bending forces on the flanges of the
vacuum chambers . The time saved by having a leak tight
vacuum system seems to justify the rather high cost of using
this gasket system instead of the common ConFlat system.

The only faults in the operation of the vacuum system we
had were caused by lack of electrical supply . But even in
these cases the system is still comfortable to handle . Due to
pumping only by sputter ion pumps there is no danger of
venting the system by error or malfunction and in addition,
the degas rates of the vacuum exposed surfaces are so low
that still after hours of down time the pressure is below
I • 10.9 hPa. This permits to switch the sputter ion pumps
back into operation without any roughing.

The COSY vacuum ring is subdivided into eight vacuum
sections by gate valves in a manner that each section forms
an independent vacuum system .,Some of these metal sealed
gate valves got small leaks during the last two years
probably caused by fibres from the heating jackets of the
vacuum pipes . The problem of fibre pollution of the
vacuum system is known since the assembling of the
vacuum ring but up to now we found no way to avoid this.
Fortunately these leaks are just inner leaks and cause no
problems during operating COSY.

Up to . now we have two in line experiments and the first of
four stochastic cooler tanks installed . The attainable
vacuum in these areas went down compared with the empty
system. This is mainly caused by the large surfaces which
are additional installed and the generally higher degas rates
of experimental equipment. These areas run unbaked at
around I . l0 -9 hPa.

At the end of the year a polarimeter tank was installed into
the injection beam line . As particles here and in the
extraction beam line pass the beam tubes only once, a
higher pressure is permitted . So the pressure in the injection
beam line as well as the extraction beam line ranges from
10-9 hPa at the COSY end to 10"7 hPa to the other side.

E-10-

E-11

E-t2

Fig . I : Residual Gas Spectrum
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Alignment Tasks at COSY and the Experimental Areas

U. Bechstedt, W . Ermer, G . Krol, R. Nicia*, D . Rosin, Th ., Sagefka

In 1994 most of the alignment tasks were requested by the
experimentalists from the external target places. For the
Time of Flight Spectrometer (TOF) the rails guiding the
different sections of the big vacuum vessel were adjusted in
position and height. After that the first elements of the ves-
sel were aligned to bring their axis in coincidence with the
axis defined by the last four quadrupole magnets.

For the first beam on TOF in May as well as for the beam-
times in September and December there were requests to
control and adjust the position of the beam pipe in front of
the experiment and to position the targets and the detector
arrangements.

To switch the beam between the low energy measurement
area (NEMI') and the TOF area the „downstream" end of
the switching dipole has to be moved by approximately 170
mm in radial direction . To allow for that the support of the
dipole magnet had to be repositioned and dial gages for the
two extreme positions in direction of TOF and NEMP were
set.

A lot of work was done for the magnet spectrograph BIG
KARL . Besides measurements of the scattering chamber
and target positions a complete realignment of all the ma-
gnets of the spectrograph was necessary . This was caused
by a sag of the support structure under the weight of addi-
tional shielding installed after the first alignment.

An additional multi wire proportional chamber (MWPC)
was positioned between the last four quadrupole magnets
and the scattering chamber of BIG KARL, to provide addi-
tional information about the focussing of the beam on the
target.

The MWPC in the NEMP was adjusted and the grid of fix
points was expanded in this experimental area .

For the internal EDDA experiment the newly installed outer
detector shell was aligned to the beam axis.

Though the installation of the COSY-11 experiment was
delayed to 1995 the measurement concepts for the installa-
tion of the vacuum chamber were developped to be ready
for the task . In week 31 the modified quadrupole magnet
MQU 8 that allows for larger solid angles of the ejectiles
from the COSY-11 experiment was installed and realigned.

In preparation of the installation of the if- injection beamli-
ne the positions of the vacuum flanges and the support
structures for the magnets were measured at the COSY site.
After that at the end of the year the components of the
bean-dine were installed in the main workshop and measured
to their required positions . This allows to check the instal-
lation of the modified beam pipe into the magnets before
the installation at COSY will start.

Other tasks performed were the measurement of the electro-
des inside the spare electrostatic septum and the measure-
ment of the electrodes in the first pick-up tank for stochastic
cooling. The position of this tank relative to the COSY-ring
was measured after its installation in the ring in week 51.

For the COSY-13 experiment the positions of targets and
guiding structures were measured.

Besides all these activities the group took part in the remea-
surement of the COSY level grid and developped new
alignment targets and alignment tools.

Vermessungsbüro Stollenwerk und Magendanz, Bergheim



A Simulation Program for the particle motion in ELSA and COSY

D . Husmann' , J . Wenzel', R . 1Vlaier 2

A simulation program for the particle behaviour in the
Electron Stretcher Accelerator ELSA of Bonn Univer-
sity and COSY has been developed and successfully
tested . It covers physical effects most relevant for the ex-
traction process used at ELSA and COSY. By choosing
effective simulation algorithms it is suitable for on-line
usage . The simulation program has a graphic user in-
terface and can exchange data with the ELSA control
system. First applications of the program give hints to a
better understanding of the extraction process and how
to optimize it.

1 . Requirements

When running accelerator experiments a major amount
of time is spend on tuning the machine to the experi-
ment's requirements. T ads this t•r,.e an effectively
usable control system in combination with diagnostic
measurements is necessary. Tuning the machine param-
eters is always motivated by a physical model describing
the particle behaviour . Therefore it is useful to know
the model's predictions for diagnostic measurements at
the given set of machine parameters when tuning the
machine.
To achieve this a simulation is necessary which

e gives results fast enough for on-line usage,

a can read and write the machine 's parameters (via
the control system),

• displays its results in a form similar to possible
results of diagnostic measurements and

e is easy to handle by the user.

2 . Realisation

A simulation program fulfilling these requirements has
been developed in combination with the new ELSA con-
trol system [1][2] . It is also usable for COSY.
To achieve a quick response-time a special simulation
algorithm is necessary which gives analytical solutions
for the particle motion . Since the exact equations of
motion are not analytically solvable, certain approxima-
tions have to be made. This is done within a hamilto-
nian formalism . Through successive steps of canonical
transformations the linear content of the particle mo-
tion is extracted . The nonlinear part of the hamiltonian
has only major influence on the particle motion in the
neighbourhood of resonances . Therefore an ansatz for
the hamiltonian which is reasonably exact within the
regime of one resonance (e .g . third integer resonance
used for extraction) and analytically solvable is used to
describe particle motion . Once the ansatz is made the

position (x, pi' ) for all particles at all times can be eval-
uated instantaneously . Further more slow changes in
machine parameters are taken into account as adiabatic
changes.
Based on the solution of the single particle motion the
simulation program can be used to evaluate multi par-
ticle effects . Up to now only basic multi particle effects
have been implemented, e .g . effects of synchrotron ra-
diation and filamentation due to nonlinearities in the
machine.

Figure 1
Fig 1 : The simulation program

The connection to the ELSA control system is done via
the control system 's application interface which enables
an external program to access the control system's pa-
rameters synchronously and asynchronously . For COSY
the simulation program can read the control system's
parameter files . For ELSA and COSY a library version
of the simulation program exists which enables the im-
plementation of particle-optical evaluations directly into
the control system.

User interaction and display of simulation results are
implemented Into the user interface written under OSF-
Motif/Xll . The appearance of the simulation program
to the user is shown in figure 1.

Implementation and first tests of the simulation pro-
gram have been completed this year [3] . The program
is used at ELSA and COSY.

1 Physikalisches Institut der Universität Bonn, Nuflallee 12, D-
53115 Beim , Germany

2 1nstitut für Kernphysik des Forschungszentrt3ms Jülich, D-
52425 Jülich, Germany
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[3] Wenzel, J . : Entwicklung und Test eines Simula-

tors der Teilchenbewegung in der Bonner 3 .5 GeV-
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Longitudinal Beam Dynamics in a Multiple Harmonic RF-System

H. Stockhorst

Abstract
The longitudinal phase space tracking code TIBETANC [1]
has now been upgraded with the option of higher rf-
harmonics . It thus becomes an auspicious tool to simulate
various effects during acceleration of bunched ion beams . It
includes the application to space charge and stochastic
cooling of bunched beams [2] . In this contribution main
emphasis is given to tracking results following a bunch of
protons through transition energy . The underlying forma-
lism is presented in detail in [3] . Hardware realizations are
exhaustively examined in [4].

Introduction.
For certain operation modes of COSY it may be una-
voidable to accelerate a bunch of protons across transition
energy at which the frequency slip factor giving the
relative change of the revo l u tion frequency with a relative
momentum error, will vanish . In the vicinity of the
transition energy ; completely determined by lattice
functions, the particle motion becomes strongly unstable.
I.e. the bunch length becomes very small while the
momentum spread becomes very large . In this state the
beam is very sensitive against space charge forces,
especially for high density beams and a large momentum
spread will eventually lead to particle losses . To ensure a
stable motion after crossing transition the synchronous rf-
phase eh of the accelerating cavity has to be rapidly changed
by = - 205 . However, conventional rf-phase switching
methods suffer from the fact that due to chromatic effects
[5], i .e. the dependence of the circumference on the relative
momentum spread, particles with different momenta will
cross transition at different times and in some circumstances
will never cross transition which leads to an increase of
particle losses during transition crossing . This makes the
timing of phase switching a tagging procedure . Various
methods, such as the method of transition energy jump [6]
or the "duck under" procedure [5,6] have been developed to
overcome this lack and have been studied in detail in [5].
The most challenging procedure is the use of a higher
harmonic rf-system. In a neighbourhood of transition one or
more ha--monics of the fundamental accelerating voltage are
switched on for a period of time around transition . The
relative phases and amplitudes are chosen in such a way that
the resulting voltage will exhibit a broad and flat maximum
around the synchronous phase and taking into account for
the required energy gain per turn . This will increase the
bunch length and confine the momentum spread in an
acceptable range . Substantial beam blow up can be
drastically reduced.

Double rf-systems have been successfully implemented e .g.
at CERN [7] and DESY [8] to cure against space charge
blow up. To increase the flat top region of the voltage a
variety of technical efforts have been done to develop higher
harmonic cavities as is pointed out in [9] . However
conventional methods generally require a number of separate
cavities which have to be precisely phased in order to
achieve the required voltage pattern. To circumvent, a new
type of broad band cavity is developed in [9] . In addition,
precise phasing becomes available by employing digital

techniques at COSY in synthesizing the higher harmonic
voltages [10].

atelier Harmonic RF-Wave Form
Transition crossing is studied using a three octave higher
harmonic system, that is, the voltage wave form is
composed by the 2nd and 4th harmonic with respect to the
fundamental. Since phase focusing at transition is lost [5] a
voltage wave which ensures the necessary energy gain per
turn and exhibits a broad flattened maximum at the
synchronous phase O s was used . For maximum ramping
speed the energy gain per turn in the linear part of the ramp
will be R s = 1 .3 keV at COSY. Setting the stable phase to
be Os = rc/2, maximum flatness will be achieved by the
wave form [3]

Of)) = sing +
6

cos(20) + 64 cos(40)

as shown in figure 1 . The fundamental peak voltage Vo is
determined by qVa = (64/45) SE s . With values given above
a maximum deviation from the centre value of < 0 .2% for

= ± 30 0 is achieved . In this range all particles will
receive the same energy gain, provided bunch shearing [3]
during transition crossing does not appreciably exceed this
value. However, the effect of any deviation can be estimated
by tracking using TIBETANC.

Fig . I : Single rf-wave forms in comparison to the resul-
tant sum wave form of the three octave rf-system,
eq . I.

Note that the corresponding potential in the Hamiltonian is
chair like and will only be focusing for values of Q < 60°.
The potential is de-focusing for values above 120 0 .
Similarly, the relative phases and amplitudes of a three
octave rf-system suitable for stochastic cooling may be
found for given peak voltage Vo and energy gain SE s . The
potential will then exhibit a broad flattened minimum
around the stable phase . Results will be subject to a
forthcoming paper.

C~nv n iona Tr,n i •n Cro ins
Phase space plots of transition crossing for maximum
ramping speed and top energy of COSY by means of a mere
rf-phase jump are shown at three instants, before, at and
after transition in figures 2 to 4 . A bunch of particles with

(1)
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an initially parabolic distribution and bunch area A = 1 .09
eVs is assumed . To fit the bunch well into the bucket the
peak voltage of the rf-system was chosen to be 5 kV.

Fig. 2: Bunch and bucket before transition using a single
harmonic rf-syster.

The phase switching time around transition is 55 ps.
During switching the phase is linearly increased from O s =
0 .263 rad to 4s = it - 0.263 rad = 2.879 rad . To ensure the
necessary energy gain per tuna the required peak voltage
drops from the initial value 5 kV to 1 .3 kV at transition
and subsequently increases back to 5 kV . Below transition
energy the particles rotate counter-clockwise in longitudinal
phase space around the stable phase, Os = 0 .263 rad, as a
result of rf-focusing . In a region close by or at transition,
fig . 3, rf-focusing is lost and higher order terms of the
frequency slip factor r] dominate [31 . Particles with positive
momentum deviation become unstable, i .e., they move
away from the synchronous phase and form a tail in the
direction of positive phases and positive momentum
deviations. In the vicinity above transition, now particles
with negative momentum deviation will move away from
the synchronous phase forming a second tail in positive
phase direction and negative momentum deviations. Caused
by the non-linearity of the sinusoidal rf-voltage the
synchrotron frequency depends on the amplitude of the
oscillation . The tails therefore wind up around the core,
now clockwise as shown in fig. 4 . Thus, even for the fast
switching time of the single harmonic rf cavity at COSY a
severe bunch mismatch accompanied with an increase of the
effective bunch area may occur. Particles lying outside the
momentum acceptance will be ultimately lost . Losses of
nearly 50% are to be expected if the momentum acceptance
is of the order 5%o.
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_Fig. 3 : Bunch and bucket at transition .

Iransition CrossiLi with Two Harmonics
The scenario consists in capturing and accelerating the
bunch with a single harmonic system . Just before transition
crossing the higher harmonics are switched on for a certain
duration . After crossing the bunch will be again accelerated
by a single harmonic . With a three octave rf-system (HHS)
a bunch of particles with initial parabolic distribution and
bunch area A = 1 .09 eVs was tracked. The initial voltage
was now set to 2 .5 kV with the corresponding phase i =
31 .8 0 (= 0 .555 rad) . The bunch with relative momentum
spread ± 0.2% is shown in figure 5,

. -4

	

0

	

1
O [rad]

Fig . 5 : Bunch and bucket before transition. LEIS off.

The bunch is then tracked through transition with the
higher harmonic system switched on for different time
intervals ± 10 ms and ± 20 is with respect to the
transition crossing time . The necessary peak voltage V0 is
set to 1 .87 kV. Bunch and voltage wave form are shown
close to transition in figures 6 and 8. Optimum crossing is
found for it ± 10 ms (fig . 6),
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As compared to fig . 4 the relative momentum spread
becomes now confined in the interval [-0 .4%,0.4%]. The
crescent bunch shape due to the chromatic effects is visible
and is well described by an analytical formula [3] (curve in
figure 6).

Fig . 7: Bunch after transition. The HHS is switched off
and the peak voltage is reset to 2.5 kV.

Also, figure 6 shows that the lower momentum tail of the
bunch just enters the decreasing area of the voltage wave
form where the voltage is about 2% off the centre value.
Particles entering this area are slowly decelerated leading to
a small tail in the final distribution after transition
crossing, fig . 7. Some of the particles still remain outside
the bucket and will eventually lost, The final relative
momentum spread is comparable to that before transition
crossing (fig . 5) . The effect of a too long on-time is clearly
demonstrated in figure 8.

Fig . 8 : At transition . The HHS is switched on for 40 ms.

In this case the long low-momentum tail deeply enters the
decreasing part of the voltage and particle losses are consi-
derably enlarged.
The figures clearly demonstrate that particle losses and
bunch mismatch caused by transition crossing are signifi-
cantly reduced if a HHS is switched on . Losses can be
reduced to nearly 10% depending of the momentum
acceptance of the machine.

Conclusions
To conclude, the tracking calculations using the updated
version of TIBETANC have shown that transition crossing
at COSY by applying a three octave harmonic rf-system
would be a challenging procedure . Although the bunch
slightly leaves the flat area of the voltage pattern at transi-
tion, particle losses are less then 10% . This is to be
compared with the conventional transition crossing method

in which particles losses are about 50% . The necessary time
interval around transition for the higher harmonic system to
work properly is found to be 20 ms . This value is
consistent with those derived in [5] . The value is less
stringent compared to a fast phase switching necessary in
the conventional transition crossing method . Further studies
to optimize voltage and chromatic mis-match including
space charge can now be done . Additionally, it was mentio-

ned that the same HHS can be used for stochastic cooling of
bunched beams [2] as well as for bunch lengthening
procedures to cure against space charge effects [7,8],
especially of dense cooled beams.
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Beam Phase Stabilization at the Cyclotron

W. Bräutigam, R. Brings, D . Maeckelburg~`, N . Rotert
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For the injection into COSY a well defined beam has to be
extracted from the injector over a reasonable period of
time . Stability investigations at the cyclotron concerning
magnetic field, frequency and amplitude of the
accelerating voltage were done simultaneously to the
normal operation as injector for COSY.

The NMR based stabilization of the magnetic field, which
was implemented in July 1993 [I], operated reliably and
proved to be an important precaution for the stable 76
MeV H2}-beam of about 10p.A, which is presently used for
the stripping injection into the ring . Long term monitoring
showed, that inspite of stabilization small variations of the
beam cannot be excluded . Obviously it is not sufficient, to
stabilize the magnetic field with respect to the single test
point where the NMR detects the field level . Long term
drift effects and small changes of iron temperature seem to
influence the shape and - as a consequential condition - the
average value of the magnetic guiding field.

Since the cyclotron was modified as injector for COSY, a
non-interacting diagnostic system is available to monitor
continuously phase and intensity of the internal beam at 12
locations [2] . Especially the phase at extraction radius is a
very sensitive indicator for the integral influence of
magnetic field and frequency of the accelerating voltage
(RF instabilities can be neglected in our case) . Fig. 1 is a
screen copy of the phase detection unit . The upper trace
displays the phase, the lower one the intensity of the
internal beam over the valley radius between R=300 and
1310 mm. Obviously the phase is not well adjusted in this
case. The original configuration of the system was
modified in one respect : Since not all 12 internal phase
probes are necessary for the detection of phase, one
electronic channel was connected to a capacitive probe in
the transfer beamline to COSY . This allows detection of
the external beam current and hence the monitoring of the
extraction efficiency.

Fig. 1 Display of the phase probe system (see text)

supported by ZEL (Central Electronics Laboratory of
KFA), where the system had been built some years before.

Stabilization now operates in form of superposed loops.
The idea is to keep the experimentally optimized situation,
which is characterized by a certain phase history, constant
over time . We use differences in the reading of the phase
probe at extraction radius to calculate changes in the level
of the magnetic field required for correction . This new
estabished value is refered to the point where the NMR
probe detects the field . The automatic field control system
then adjusts the current in an auxiliary main coil winding
(6 turns) to achieve the predicted field. Extensive validity
checking had to be added to prevent the system from
malfunction in case a true phase reading is not possible (no
beam, beam chopped in pus-pulses etc .) . In such cases the
field is stabilized according to the last valid reading.
Phase stabilization in the described form, which is in
operation since August 1994, contributed remarkably to
the stability of the extracted beam.
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Fig. 2 Display of external beam current (upper trace)
and phase (lower trace) over a period of 1 hour

The PC based data acquisition system at cyclotron, ion
sources and source beamline was further completed . It
combines a number of GPIB IEEE-488 controlled
instruments like scanners, DMMs and others with RS-232
connected subsystems like the phase detection system.
Dedicated devices like for example beam current
instruments are connected via plugged in ADC, DAC and
digital I/O cards . The multitasking software VIEWDAC
(Keithley Instruments), which is extensively used in the
system, allows data acquisition, analysis and display with
reasonable performance . The system not only facilitates the
operation of the cyclotron but also helps to get information
about the long term stability of important parameters and
their influence on the beam.

As an example for the effect of phase stabilization Fig . 2
shows an output of the data acquisition system displaying
external beam current together with the phase at extraction
radius over a period of 1 hour.
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In order to use the phase reading for parameter
stabilization, the phase detection system first had to be
modified . Originally conceived as a stand alone unit
controlled by a dedicated PC, it now had to be equipped
with an extension for data exchange in especial with the
magnetc field control but also with the newly installed data
acquisition system at the cyclotron . The modification was

* ZEL [Zentrallabor für Elektronik der KFA Mich]
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Internal Irradiation System at the Cyclotron for Excitation Function Measurement

W. Bräutigam, G . Blessing*, H.G. Böge, N . Gad, S .M. Qaim', B . Scholten*

For cross section measurements of charged particle
induced nuclear reaction both internal and external beams
have been used at the cyclotron . In principle interval
irradiations are simple, can be done in a time saving way
and should therefore le preferred over using the external
beam.

Among the several diagnostic probes available, one main
unit can be easily equipped with a variety of probe heads
covering the requirements of beam diagnostics as well as
internal irradiations . This probe can be moved in and out
of the tank by an interlock system without disturbing the
vacuum. It can be precisely positioned along the radius
from about 150 mm to an extraction radius of 1560 mm,
thus providing access to internal beams from very low up
to the maximum energy of 45 MeV/nucleon . A possible
disadvantage in the use of the internal beam for irradiation
is the lack of orbit separation, especially at larger radii
where the beam diameter is larger than the orbit
separation . This introduces some constraints on target
design.

From the irradiation data and the measured radioactivity
the cross section of a particular reaction is obtained for one
specific projectile energy. In order to determine the
excitation function, a large nulllber of irradiations using
various probe positions is needed. The work thus involves
considerable effort . In contrast, extracted beams can be
used with considerable advantage if excitation functions
are measured via the stacked foil technique, which
involves a simultaneous irradiation of s series of foils . The
projectile energy effective at each foil is obtained by
calculation.

At JULIC the internal irradiation equipment can also be
used in the extracted beam . Due to the azimuthal position
of the main probe unit, which is preceded by the first
extraction element, there is access to one separated orbit in

Fig. Simplified representation of the orbit pattern
and part of the extraction system. Target head
with foil stack in irradiation position

1530

Fig . 2 : Location of the internal and the separated
(extracted) beam . Positions (A) and (B) refer to
the corresponding positions in Fig. .I

the cyclotron . For extraction a part of the internal beam is
cut by the septum and then deflected by the electrostatic
field in the space between the septum and a high voltage
electrode (Fig. 1). This results in an orbit separation of up
to 18 mm at the ration of the probe.

Since the septum-deflector can be moved radially for
optimization purposes, the irradiation position in the
extracted beam cannot be defined on a fixed radius scale
but has to be found experimentally . Starting at a location
in the internal beam, the beam current is detected on the
insulated target head (without foil stack) and platted as a
function of radius . This dependence is indicated by the
dashed line in Fig. 2. When the probe is moved to larger
radius the tip of the beam stop releases the internal beam
(position B in Figs . 1 and 2) . The reduced external beam
then appears according to extraction efficiency and is also
detected by the probe head . The probe moving further out
finally releases the separated extracted beam and the
detected beam current drops to zero (position A). The
position of the beam is defined by the slope of the function
beam current versus radius . On the basis of known
geometries, the probe head with the mounted foil stack can
be precisely brought to the appropriate irradiation position.

In preparation on development and production of special
isotopes test irradiations were done at the cyclotron in
close cooperation with the Institute for Nuclear Chemistry
of KFA. The foils to irradiated are stacked between
short Al-tubs which serve as a fixture . An Al-bar finally
acts as the beam stop . The whole assembly is mounted on
an insulated watercooled target head.

Presently a H2+-beam of 76 .4 MeV is used for injection into
COSY; so it was also used for the tests . On falling on the
first foil of the stack the beam is instantly converted to 38 .2
MeV protons of double intensity . The latter then
constitutes the primary incident energy on the front foil of
the stack.
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For beam profile measurements the front foil and another
foil in the middle of the stack after irradiation were cut
into 1 nun2 pieces (in each case a total of about 230 pieces)
and the relative activity in each piece was determined . The
results are shown in Fig . 3 for the front foil . The various
bars depict the intensity distribution of the beam.
Evidently, the beam is well focused and centered almost in
the middle of the front foil. While passing through the
stack the beam is somewhat broadened but is still well
suited for cross section measurements.

(A)

Fig. 3 : Beam profile in the front foil determined via
radioactivity mapping .

Fig. 4 : (A) Excitation functions for the formation of
65Zn 62Zn and "Co in proton irradiation of

' Cu, used for beam monitoring in the energy
range of 16 to 45 MeV.
(B) Proton current values determined via the
three monitor reactions at different projectile
energies .
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The beam energy degradation within the stack was
calculated on the assumption that the beam falls
perpendicularly on the stack For a check of this
assumption several Cu monitor foils were placed in
different positions within the stack and the irradiation was
done at a low beam current of about 52 nA. The following
three nuclear reactions, having different reaction
thresholds and excitation functions, were chosen for
monitoring the beam: 65Cu(p n) 63Zn 63 Cu(p 2n) 62Zn and
"'Cu(p,x)58 Co. The radioactivity of each product
radioisotope was determined via high-resolution y-ray
spectrometry. The decay data were taken from the
literature [1] . protonproton fl".: was then calculated.~ using
the well-known activation equation. The excitation
functions adopted for the calculations taken from [2] are
reproduced in Fig. 4(A). The proton flux values derived
using the three monitor reactions are shown in Fig . 4(B).
Except for some larger deviations in certain energy
regions, originating presumably from larger uncertainties
in cross sections in those energy regions, the results are
generally consistent over the whole investigated energy
range of 38 to 19 MeV. The mean flux value of 54 nA
(shown by the solid line) is in excellent agreement with the
nominal value of 52 nA. The proton energy of 38 .2 + 0.2
MeV incident on the first foil was confirmed by ratio
measurements of activities of the monitor reactions [3].

The irradiation facility has been successfully applied in the
measurement of 124Te(p n) 124I and '24Te(p,2n)'23 1 reaction
cross sections over the proton energy range of 20 .5 to 31,2
MeV [4] . The smooth transition from the data measured at
Ep < 20 MeV at the compact cyolotron (CV 28) to the

higher energy region covered by the present irradiation
system, as well as the good agreement between our data
and the literature values, validate the various techniques
involved in work using the present facility. Cross section
measurements on several other medically important
radioisotopes, produced via (p,2n) and (p,3n) reactions, are
underway

We conclude that from the viewpoint of both beam profile
and beam positioning the irradiation facility described here
is very suitable for cross section measurements via the
stacked-foil technique.

' Institut für Nuklearchemie, Forschungszentrum Jülich
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Partial Use of the Cyclotron Beam for Radioisotope Production

W. Bräutigam, W. Derissen, U . Rindfleisch, N. Rotert

Fig . I : Irradiation system for the partial use of the cyclotron beam.

Beam injection into COSY requires a pulse stucture of the
cyclotron beam adjustable in wide ranges . An appropriate
pulsing system is installed in the low energy beam line
between external ion sources and the cyclotron, which
makes use of electrostatic deflection plates . It is triggered
by the COSY control system and provides beam pulses
from continuous beam down to 1 . . .2 l.ts . For COSY
machine development, but also for most experiments up
now an often used operating mode is characterized by a
pulse width of 10ms and a repetition rate of 10s, hence a
duty cycle of 1 :1000 . This results in a net beam time for
injection into the ring of less than 90s per day.

So it is obvious to take the partial use of the cyclotron
beam for other purposes, i .e . radioisotope production for
medical application, into consideration . in this case the
beam configuration defined by the injection into COSY has
to be accepted by the irradiation experiment . Presently H2+

beams of 76 MeV, which is less than the maximum energy
from the cyclotron (45 MeV/amu), and intensities in the
range of 7 . . .10M are routinely used. It is planned for a
number of reasons to replace this injection scheme by a
system for negative ions in the near future . As could be
already demonstrated in tests an unpolarized 1-i - beam of
45 MeV and a beam current of about 10pA is available
fr om the cyclotron [1] . So the basic conditions for the
partial use of the cyclotron beam will not be severely
influenced by this modification.

An irradiation arragement has to be provided in the
cyclotron vault as a separately shielded area . This is a
precaution to use the beam partially, when COSY is in
operation and to use it to 100% in times when the ring has
to be accessible for the service of internal experiments or
machine maintenance .

There are two basic methods to expose a target periodically
to the beam: a) use of a relativ fast switching magnet
(laminated yoke), to deflect the beam into a separate target
station, b) insert the target into the beam mechanically.
The first, more flexible alternative would require the
replacement of one dipol in the injection beam line
inclusive the corresponding power supply . Since it can be
accepted to spend a fraction of a second for target
positioning, we prefere the mechanical solution . This has
the advantage of simplicity and - even more important -
does not influence the characteristics of the beam delivered
for injection into the ring.

The unit was designed according to the following main
specifications : fast alternating motion, vacuum interlock to
insert or remove probes without breaking the vacuum,
large aperture for flexibility in the shape of probes,
watercooled probe head, beam current measurement, visual
control of probe under irradiation. The arragement of the
target and target support in Fig. 1 is an exemplary solution
only and can be easily adapted to specific needs. In the
shown case a tube with built-in watercooling is attached to
an insulated bushing by a clamping sleeve . Beam current
monitoring is performed by connecting the tube to an
appropriate integrating instrument . The end cap is fixed in
place only by atmospheric pressure . This design allows the
dismounting of an irradiated target from a safe distance
with manipulating tools . After removal of two srews the
tube with the target is pulled out and the valve can be
closed . Then after ventilation the end cap with the whole
target arragement can be taken away to a shielded place for
further treatment.

As appears from Fig. 1 angular motion was chosen in
preference over lateral positioning. This minimizes the

deformation in the vacuum bellow for
increased lifetime which is a
precaution for continuous operation.
The angular motion, adjustable up to
±10', is achieved by a crank
mechanism. It is driven by a DC-motor
with a flat rotor (lamellar conductors).
This device with a very low moment of
inertia moves the target into and out of
the beam in less than 100ms so that
during COSY operation up to 98% of
the beam time can be used for target
irradiation.

[11 W. Bräutigam, H . Beuscher, H .G.
Böge, R. Brings, et al.
Acceleration of Negative Ions in
JULIC,
IKP Annual Report 1993, p. 204
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Optimizing the H' Production for the COSY Operation

H. Beuscher, W . Hoffmeister, A . Müller

H Source
Studies of the performance of the if source [1] have been
made to optimize the source for a future continuous opera-
tion of COSY with stripping injection starting from negative
particles.

One disadvantage of the multi-cusp Hf source is the limited
lifetime of the filament . To increase this lifetime the arc
voltage has been lowered from normally 150V to 80V . This
reduced the sputtering of the wire material remarkably and
the lifetime increased by about a factor of 2 (two weeks
instate of one) . With the lower discharge voltage still
enough if current could be extracted.

Additionally slow pulsing should further extent the lifetime
of the wire. Since the injection time into COSY is only
about 10ms whereas the whole cycle of the accelerator takes
several seconds, the current from the source is only needed
for less than I% of the time . Source pulsing has been tested
by pulsing the arc voltage . Using an on-time of 20ms 80%
of the DC If current could be achieved in pulsed operation,
A system for continuous pulsed operation is in preparation.

The output if current can be increased without raising the
arc voltage by adding a second gas . The addition of 10% N 2
increases the H- current by 30% and of 10% Ar by 45%.
This is a possibility to achieve higher currents, if necessary,
without raising the discharge power . It is expected that the
second gas improves the if production by reducing the
recombination of hydrogen atoms.

Emittance measurements have been performed for the If
source, since this parameter mainly determines the percent-
age of the beam intensity, which can be accepted by the
cyclotron . For the following source settings, which produce
the "COSY beam", an emittance of 50rtm mead has been
determined : 6mm diameter of the extraction hole, 4 .5kV
extraction voltage and an extracted current of 250p.A. The
expected dependence of the emittance on the extraction hole
radius and the extraction voltage was found, what proves
the reliability of the results . The measurements have been
performed with a wire-slit system and the results have been
verified for one case by measuring beam size and angle
directly . A slight increase of the emittance with increasing
current and no dependence of the emittance on the arc volt-
age have been observed . The results are in agreement with
the data given by the IBA company, which built the source.

Before the test operation of COSY with if particles will
start the if source shall be set up near the actual position of
the H2# source but connected to the beamline via a 25°
bending magnet (Fig .l) . Then it is possible to switch from
the if source to the polarised if source without "breaking
the vacuum" . The quick change from one source to the
other is especially important when testing the performance
of the low current polarized source with the cyclotron and
the COSY ring . The former location of the ECR source in
the upper hall is still connected to the cyclotron, but will

mainly be used for source testing . A source in this location
has a 90° analysing system available and can run without
interfering withr the source, which is continuously r.i .. . gnn.i n a
for COSY . The 25° bending system has been tested at the
test source location simulating the optical conditions of the
final source position in the basement . The necessary optical
matching could be achieved without adding further mag-
netic elements.

Fig . 1 : New source locations at the cyclotron beamline

Microwave if Source
To overcome the disadvantage of the filament in the multi-
cusp if source a microwave source based on our H 2+ source

[2] has been tested . Radio frequency if sources are known,
which produce if currents in the mA range [3] . But they
need a lot of RF power and always also contain destructible
parts . It was not the idea to build such a source, but to look
for the performance of an ECR based type of source with
low microwave power injected and without destructible
parts . The tests have been performed in the housing of the
multi-cusp If source by replacing the filament by a
2 .45GHz microwave generator. The source had a magnetic
multiplet and a magnetic filter but no magnetic solenoid . To
start the plasma a small piece of wire has been installed,
which in the beginning absorbs the microwave power and
starts the plasma by providing electrons . After the plasma
has started the microwave power is absorbed in the plasma
and the wire stops glowing . The largest if current extracted
from this type of source was 60pA . But this current could
only by achieved with 10% of N 2 as support gas . The result
is, that this kind of simple source is not able to produce
sufficient i current (> 1501iA) for our purpose.
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The Polarized Ion-Source for COSY

P.B. Eversheim * , R. Gebel * , M . Alteneier * , O . Felden * , C . Heimann, M . Kammermann * , W. Kretschmer* , R.

Weidmann * , H . Paetz gen . Schieck # *, S . Lemaitre *`* , R. Reckenfelderbäumer * and M . Eggert*

The polarized ion-source for COSY has been built and

set in operation by a collaboration of three groups from the

universities Bonn, Erlangen, and Köln (cf. Ann . Rep.

1993) . The source of the colliding-beams type (CBS) is

designed to deliver polarized II - or Dv within the
acceptance of the injector cyclotron 7ULIC during the

10-20 ms injection period of COSY . The negative ions are

produced in a charge exchange type of ion source, which

comprises three major components ; the atomic-beam part

(Bonn), the charge exchange region (Erlangen), and the
Cs-beam part (Köln).

The atomic beam part prepares an intense, neutral

nuclear polarized hydrogen or deuteron beam . Firstly, gas

molecules are dissociated to atoms by means of a RF-

discharge . In a second step two 6-pole magnets and RF-

transitions prepare the nuclear polarization of the atomic-

beam. Subsequently the neutral polarized atomic-beam

enters the charge exchange region and meets inside a

solenoid magnet a fast n eutral Cs-beam . As a consequence,

the charges are exchanged according to

II° + Cs° earl- + Cs+ . The negative ions are accelerated

at the exit of the solenoid, extracted, and bent by an 90°

electrostatic deflector . The ions pass a Wien Filter, an

einzellens and an electrostatic quadrupole-doublet in order

to match the Ti- beam to the beam line of the injector

cyclotron.

The fast Cs-beam originates from a Cs-oven and is

thermally ionized, presently at a potential of about 40 kV.

Most of the time the Cs-beam is deflected to the Faraday

Cup in the deflection chamber. About 150 ms before the

injection period of COSY a Cs-cell is filled with neutral

Cs-vapor. The charged Cs-beam, passing through this cell

is neutralized and enters subsequently the charge exchange

region through an orifice of the 90' deflector.

During the past year the collaboration focused its work

to :
i) improve the neutral beam intensity

ii) improve the efficiencies of the RF-transitions and the

neutralizer

iii) improve the transmission of the Cs-beam, in order to
reduce sputtering and thermal load in the Cs beam-pipe

iv) complete the remote-control of the source

v) set up a low-energy polarimeter

The H° intensity has been measured to be > 4 . 10 16

atoms/s . From the drop of the H- beam-intensity, when

the RF-transitions are switched on and off, an efficiency

of more than 90% (for each of the RF-trasnsitions) could

be derived . By adjusting the neutralizer oven-temperature,

the neutralizer efficiency could be improved to exceed
90% also.

After the quadrupole triplet has been set in operation,

the Cs-transniision from the Cs-source through the triplet,

the neutralizer, the 90° deflector, and the charge exchange

solenoid was > 55% . This latter result is unmatched by
any other CBS-source, especially in view of the distance of

about 2m the Cs-beam has been transported . The

collaboration expects to improve even this transmission in

the near future . The possibility to transport the Cs-beam
with little losses over 7m allows a fact maintenance and is

a necessary condition for a high availability of the source.
Up to now an H + current of about 1 .8 ,A, with less

than 45 nA background could be observed in the beam-line

to the injector cyclotron.
A low-energy polarimeter that had been built at the

university of Krakau has been assembled and installed in

the transfer line between the cyclotron and COSY . The

polarimeter has been tested with an H 2+ -beam

successfully.

Presently, the collaboration is waiting to get cyclotron

run-time in order to analyze the 11 beam with the
polarimeter precisely, before the beam is offered to COSY.

Only with the help of this polarimeter the Wien-filter can

be adjusted properly and a reliable information of the Ii -

beam polarization can be achieved.

Institut für Strahlen- und Kernphysik, Universität Bonn
ae Physikalisches Institut, Universität Erlangen
$$ a Institut für Kernphysik, Universität Köln

Fig. 1 Schematic of the polarized Source
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Magnetic Spectrometer BIG Imo .,

J . Engel, R. Jahn, K. Knick, R . Machner, R . Maier, P . v . Rossen, P . Schmidt, R . Tölle, V . Van,
GEM- and MOMO-Collaboration

In several runs performed by the GEM- and the MOMO-
Collaboration the spectrometer was used for experiments
studying pion production in different reactions . As there had
been an extensive remodeling of the ion optical entrance re-
gion the first measurements focused besides others also on
verifying the success of these modifications . Equally impor-
tant was the running-in of the specific detector components
for the GEM and MOMO experiments and their newly de-
veloped data acquisition systems.

Work around the spectrometer aimed at improving the han-
dling and .,d the control of the settings . , measuring inBy measurin. .bg in an in-
dependent way all currents of ion optically critical compo-
nents and following proven procedures reproducible adjust-
ments with high fidelity are possible . This system also en-
ables to monitor any critical instability at an early stage.

A new support structure for the position resolving detectors
in the focal plane was put into service . Low friction bear-
ings allow for easy movement of the chambers, which is es-
sential when mounting/removing the protective covers for
the chambers and the fragile exit window of the spectrome-

ter . Most important, the rails allow to position the chambers
back to the original position with high accuracy . An addi-

tional benefit is the possibility to use the easy and precise
linear movement for calibration purposes of these chambers
and checks of the ion optics.

As set-ups in the target area change quite frequently it was

important to provide a reliable means for positioning target
and detectors systems precisely onto the optical axis of the

spectrometer . An essential requirement in this context is
that this had to be done with the liquid hydrogen/deuterium
target cooled down to ca. 14 K and the target section under
vacuum as both parameters influence the mechanical posi-

tion . A system has been installed in front of the first dipole
that consists of a mirror mounted under 45° that can be
moved with high precision onto the central axis of the mag-
netic spectrometer . Using appropriate reference marks it is

now possible to align and check components to approx . 0,1
mm under exact measurement condition.

The hodoscope system following the position sensitive de-
tector planes has been significantly enhanced . There are

now four independent layers which allow to shape the trig-

ger according to the experimental demands . To raise the

resolution of the time of flight measurement of the hodo-
scope the distance between the two double layers has been

enlarged to 2 .5 m. This sharpens the condition for selecting
specific reaction channels and thus reducing disturbing back-

ground . According to the experimental needs the general
usage of the four layers is quite diverse . For instance, by
using adequate absorbers in front the fourth layer, this layer
has been very effective during data acquisition by using its

signal in anti-coincidence . The first layer gives the primary
signal for time of flight processing while the following layers
are helpful for making cuts on the energy loss of the ob-

served ejectiles.

The precision of the data obtainable now at the spectrometer
has been greatly enhanced through continuous and substantial
improvements of the extracted COSY-beam . Beam diameters
of 1 .2 mm FAIR at the target have been achieved during
data taking runs . The GEM collaboration which for added
precision was using a doughnut shaped veto detector with
a 3 mm inner hole in front of the target was able to verify
this kind ofs k ind of performance throughout the entire run . The goalai

in those initial runs was to study the reaction pp - thr~

close to threshold detecting the emitted deuterons in the focal
plane of BIG KARL. This reaction was especially suited to
check out the ionoptical resolution of the spectrometer . A
dedicated detector close to the target registered the pions in

coincidence. The paramount questions was whether it would
be possible to see the kinematical characteristics of this reac-
tion with sufficient resolution by tracking from the focal
plane the particles back to the target point . This important
milestone was passed successfully with very satisfying results
opening the way for many other experiments that depend on

this capability . You find the details concerning this measure-
ment in articles describing the progress of the GEM-experi-
ment in this annual report.

The MOMO scattering chamber at the pivot point of BIG
KARL was temporarily removed to make place for the GEM
scattering chamber . This measure served the mechanical fine
tuning of the components of this chamber and the study of
electronic signal processing under the real conditions of elec-
tromagnetic interference faced in the forthcoming data tak-
ing . Parallel to this the MOMO-chamber underwent its final
upgrade . After all vertex modules had been manufactured
and tested they were mounted at the rear wall of the

MOMO-scattering chamber . This detector system comprises
now 672 independent scintillating fibers and is ready to mea-
sure coincidently the r+ r - and the K+ K- -mesons . In a run
after the successful completion of this final component first

data were accumulated in the reaction pd -o 3He sri regis-
tering the coplanar pions in coincidence with the 3He in the

focal plane . More information on this experiment is laid
down in a dedicated contribution found in this report.
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Radiation Protection

HJ. Probst, H . Hintzen, K. Krafft, M. Midzic

As usual the radiation protection duties also in 1994 were
very manifold . Some topics shall be treated in the follow-
ing.

Licenses with reference to the atomic law
At the end of march the license to operation of the low
energy measuring area (NEMP) was given . This was the
latest license to the operation of the external experimental
areas of COSY . Similar to the injunctions of the license to
COSY and the other external experimental areas the per-
sonnel safety system (PSA) of NEMP had to be tested by
the experts of the authorities before the first setting in op-
eration, too. These acceptance tests for NEMP and also for
TOF were carried out in 1994 . Since during beam operation

the experimental area TOF the gallery and the staircase to
the gallery in the experimental area BIG KARL can be
entered, the situation cannot be excluded that persons were
exposed by increased radiation there . In order to prevent
that the PSA was modified provisionally so that no access to
BIG KARL is possible during beam operation in TOF . This
restriction will be canceled if in the BIG KARL area the
measures are finished which prevent an access to the stair-
case during beam operation in TOF (installation of a door
equipped with contacts which are logically tested in the
PSA).

Personnel safety system (PSA)
The personnel safety system (PSA) is currently improved
and optimized; amongst others the confirmation of the pa-
trolling by means of a magnetic card reader was included in
the logic of the PSA:
After the pushing of the quit buttons in the closed areas the
authorized persons must type the numbers of the concerned
rooms in the keyboard of the PSA and, as the latest meas-
ure, confirm the quitting by using a magnetic card related to
the person. By that the number of the card and the room, the
date and the clock time is stored, till at the next time these
data are overwritten.
If during beam times in the COSY-ring this room has to be
entered frequently (for instance because of modifications of
the setting parameters) much time is consumed, because
every time the ring area must be scoured and the quit but-
tons must be pushed . On our motion the authorities have
permitted that the PSA can be modified in such a manner
that at the existence of definite criteria the quitting may be
resigned: this status can be initiated only by means of a key
switch, the key is stored up at the radiation protection offi-
cer and delivered up to an authorized person only by signa-
ture, the status is finished in case of a duration of more than
15 minutes, at most two persons may enter the COSY-hall.
Further modifications refer to the improvements of the
information about the status of the PSA and of the individ-
ual components as well as to the inducement of measures by
means of th e keyboard of the Simatic in the o p erating room
of COSY.

Radiation monitoring
The existing radiation monitoring system was expanded by
additional neutron monitors required for the operation of
TOF and NEMP . The software was modified accordingly.
Besides the software for the measurement and indication of
the radiation level in the external experimetnal areas was
produced and tested . For these measurements neutron
monitors are used. The above named software effects an

illumination of a transparent with the inscription "Increased
radiation level", if the dose rate of 7 .5 ttSvlh is exceeded.
Moreover the software for the so called fast neutron moni-
tors was produced, tested and set in operation . Therewith
now the doses of radiation level of very short length but
very high can be determined.

Shielding and dose rate measurements
It was agreed with the experts of the authorities that in the
same manner as for COSY and BIG KARL also for TOF
and NEIVIP the radiation protection officer of the institute
before the official, in the license demanded dose rate meas-
urements (for the confirmation of the effectiveness of the
shielding) determines the radiation level at the outer
shielding walls during experiment operation . Such dose rate
measurements were carried out once for HEMP and twice
for TOF, the latter once with the installed neutron monitors
during

	

n~a time interval of Z(} hours. The. . measurements
showed that out of TOF the experimental areas for the en-
ergies and intensities used during the experimental opera-
tion no neutron and gamma dose rates above the back-
ground could be ascertained.
The knowledge of the dose rates in the inner part of the
COSY-hall during beam operation in the ring, especially at
the doors, is very importan t for the estimation of a possible
access of this part of the COSY-hall during beam operation.
For that reason these measurements were continued also in
1994 . The results show that in case of extreme situations
dose rates of above 2 mSvfh can be measured ; but there are
beam times (for instance the beam operation on the experi-
mental area EDDA with protons of 2 .5 GeV) in which very

low dose rates (max . 2 .9 liSvlh) were measured in the inner

hall . Then there are no reasons of radiation protection which
forbid a stay in the inner hall_
The gamma dose rate measurements at the beam line of the
COSY-ring and at the injection beam line after shutdown
were continued . Up to now the gamma dose rates in the ring
are less than 10 rtSvlh some days after shutdown . Only at
few positions this value is . The maximum value at the in-
jection beam line is 1 .6 mSvlh.

Air activity monitoring
The activity emitted together with the spent air from the
cyclotron vault (essentially the radio nuclides produced by
neutrons in reactions with air components) had to be de-
termined by means of a graphic evaluation . This treatment
of the air activity monitoring was modified . Now the moni-
toring is carried out by means of the automation system
Simatic S5 . In 1994 the software needed for the monitoring
was produced and tested ; then the device was set in opera-
tion : now, at the begin of a month a list is printed, in which
the daily activity release of 13N, i5N and 4€ Ar of the preced-
ing month is written in . Moreover a continuous surveillance
of the regular device function (criterium : the activity release
rate is less than a threshold value dependent on the back-
ground) and the supervision of the activity permissible for
one hour (criterium : the activity release rate exceeds a
threshold value) are carried out . If necessary the error mes-
sages are documented by means of a printer. A surveillance
of the air release rate of the system of the cyclotron building
and a continuous test of the regular sucking of the activated
air are planned.
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COSY Experiment Data Processing

K .H. Watzlawik, N. Brummund, S . Dienei'¢ , M. Karnadi, K .-H . Leege*, R. Nellen, W . Oehme*

In collaboration with institutes inside the KFA, other
research centers and external companies the activities due
to the enforcement of COSY experiments have been pro-
ceeded 11,2,31.
The main topics in this intention are the development of
modular data acquisition systems for COSY experiments,
the preparation of the data processing infrastructure and
user support in hardware and software, especially imple-
mentation support for test systems and for the buildup of
data acquisition at the experiments.

Therein, the realization of a data processing structure for
COSY experiments comprises the extention of computer
networks 141, the buildup of Server Workstation Systems
and the preparation of resources for the analysis of experi-
ment data . In software, support is provided for the operat-
ing systems OSF11, ULTRIX, OS9 and VMS, for various
libraries as well as for extensive applications.
The existing local area VAX cluster 151 is applied to
several scientists groups for online processing, especially
for the preparation of COSY experiments.
For the development of COSY experiment data acquisition
a UNIX Workstation System has been installed, consisting
of 64 bit ALPHA Workstations serie 3000 operating with
OSF/1 in conjunction with ULTRIX DEC-Stations serie
5000.

The buildup of Data Acquisition Systems for the experi-
ments GEM, COSYI I and ZDF is in progress . Therefore,
the workstation data acquisition software will be provided.
In frontend, the installation of hardware will be supported
for various Instrumentation Systems and for special mod-
ules in CAIVLAC and FASTBUS including the controller,
master, VME CPUs and VlCbus interfacing.

For the ZDF experiment, the first extention of the data
acquisition was put into operation 16/. This system consists
in frontend of one FASTBUS crate, covering the Fastbus
Multiblock Instrumentation System, the CHI master and
the belonging GSI-Synchronisation modules . Two VME
CPUs and one EXABYTE tape, one CPU configured as
Subevent Reader and the other one as Eventbuilder are
implemented for readout and recording of event data . The
DEC-Station 5000/240 with ULTRIX vers. 4 .4 has been
installed as an experiment workstation . This system will be
extended with CAMAC in the near future.
A similar system, equipped with extended online data
analysis and visualisation features based on PAW, is in
operation at FZ Rossendorf for detector tests .
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COSY Experiment Data Acquisition

K.H. Watzlawik, N . Lirummund, S. Dienel**, M. Drochner il, W.Erven*, M. Ka.madi,
K.-H. Leege, R. Nellen, W . Oehme**, H . Schröder, J . Stock, P. Wüstner*, K . Zwol1 il

During this reporting period, the activities due to develop-
ment of the modular data acquisition system for COSY
experiments were proceeded in the continual development
of the data acquisition software, in the implementation of
frontend hardware and the buildup of data acquisition
systems at the experiments /1,2,3,6/.

L Data Acquisition Software
In progress of the establishment of the 64 bit ALPHA AXP
workstations at the COSY experiments, the Data Acquisi-
tion Workstation Software previously developed on
ULTRIX was ported to the OSF/I operating system . There-
fore, in the software mainly the data types have l n
defined uniformly to support both, the 32 and 64 bit CPU
architecture. At now, one common source code of the Data
Acquisition Workstation Software exists for the ULTRIX
and the OSF/1 operating systems respectively.
The development of the Data Acquisition Software was
proceeded. Additional Instrumentation Systems have been
implemented and new features in the experiment handling ,
especially run control functions will be provided . For mul-
ticrate configurations, the GSI-Sysnchronisation System
used for the synchronisation of data readout has been im-
plemented in hardware and software . At now the Dedicated
Synchronisation Procedure mode (DSP mode) for a single
crate or the GSI-Synchronisation mode is supported in any
experiment configuration.
The software system has been improved in the OSF/Motif
programming. Problems in the dynamical behaviour were
eliminated by use of Xevents, especially for interprocess
communication.
According to the experience in real experiments, the user
interface will be designed more functionally and user
friendly.

A. Master Control Process
The user interface has been improved, so that the experi-
ment run can be controlled by one OSF/Motif window. In
this window, the major control functions in particular

- start/stop data acquisition,
- open/close tape file,
- enable/disable data analysis,
- enable/disable data recording
are realized by Pushbuttons . The Pus̀ Buttons will be
updated corresponding to the current experiment state . All
other not frequently used experiment preparation and run
control functions are activated by PuilDown menus . Addi-
tionally, the dynamic monitoring of event and data rates
are involved in the main window (Fig . I).

To allow a flexible handling of experiment run, the run
control functions can be combined to hierachical sequences
of control functions as follows:
- functions to be effective immediately:

write user files at open tape file,
open/close tape file at start/stop data acquisition,
initialize and start/update and stop scaler, if configured
at start/stop data acquisition,
update started scalers, if configured at open/close tape
file,
start/stop data analysis at start/stop data acquisition,
set stop data acquisition at end of tape,
periodical write file to tape, if tape file is opened,
stop data acquisition and close tape file at exit of Master
Control,
enable or disable of Instrumentation Systems according
to data taking,
functions to be executed at restore time:
restore saved setup files of the Synchronisation and of all
configured Instrumentation Systems,
enable/disable of Instrumentation Systems,
monitor run control functions settings,
start monitoring scalers, if configured,
start selected Instrumentation System Control Processes.

Because of the hierarchical structure of this functions, not
concatenated functions can be executed separately . The
existing variation in the execution of control functions will
be obtained. All selected options can be saved in a file
(defaultRunControl .save) and restored or executed at the

Fig. I: Main OSF/Motiv window of Master Control process
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next run. Thereby, a quick experiment restart according to
the selected options will be achieved.
During the run, each defined sequence can be disabled and
enabled again.

To control the state of the frontend hardware, the dynami-
cal monitoring of the setup status of the Synchronisation
System and all configured Instrumentation Systems includ-
ing the status of each configured scaler will be activated at
start of Master Control. Additionally, monitoring of statis-
tics will be involved in the Master Control and already
existing monitoring functions will be improved.

For the recording of event data on EXABYTE cartridges
/4/ multifile volumes are supported.
At the beginning header records and at the end of file
trailer records are written to the tape file. Both, the header
and trailer -records JLL 1lt of main header record and the
hardware configuration file, the module type file and the
save files of all configured Instrumentation Systems as well
as of the Synchronisation System.
Contrarily, during data taking on request any user file will
be written to the tape file. The file records of all to the tape
written tiles . are formatted to tape records according to
XDR data structure 171.- Therefore, each of such tape
records is provided by a header covering the record type
and subtype, the Instrumentation System subtype and the
run number . The tape record size is limited to 65532 byte.
Files exceeding this limit will be stored in concatenated
tape records marked in the record subtype as tape records
belong to one file.
User tape records are ordered according to the following
record types:
- main header record,
- hardware configuration file,
- module type file,
- save file of the synchronisation system,
- save files of configured instrumentation system sub-

types(one save file for each subtype),
- user files.
Hence, several events are stored in one tape record, each
ending at event boundary. The data of one event are for-
matted in a header and the collection of subevent data of
all fired Instrumentation Systems. In the event header, the
event length, the event and trigger numbers as well as the
number of following subevents are stored . Accordingly, in
the subevent the corresponding Instrumentation System
number and the subevent length are marked, followed by
subevent data.

The assign rents of Instrumentation System numbers to the
Instrumentation System Subtypes are part of the
experiment database. Of course, each Instrumentation
System Subtype has a singular data format, depending on
the supported module types . and the readoutsequence.

B. Instrumentation Systems
In order to achieve a high degree of flexibility in the con-
figuration of Instrumentation Systems according to setup,
control and subevent readout, the handling of the frontend
procedures have been reorganized . Generally, procedure
lists, each consisting of a set of procedures, its version and

the belonging parameters, have been implemented in the
workstation software instead of single procedures.
In a common ASCII file (default ISProcList.dat) to each
subtype of Instrumentation System a set of procedure lists
will be defined corresponding to following functions:
- setup list, consisting of procedures for download of

module parameters,
- contro l lis t, covering procedures for pedestal or thresh-

olds building by digitizing systems or control operations
for auxiliary systems,

- read setup list, with procedures for readout of module
setup parameters,

- readout lists, collecting procedures for subevent readout.
In one list, each procedure is dedicated to one module type
or a group of different module types. In addition, each
procedure is signed by a procedure code covering the func-
tion type and a mark whether parameters are required or
not.
For each subtype of instrumentation System one procedure
list of the type setup, control or read setup can be defined.
Hence, several readout lists can be defined for each subtype
of digitizing system for subevent readout. Corresponding to
the configured instrumentation systems, the appropiate
procedure lists will be loaded in the experiment database
from the common Procedure List file at startup time.
During the setup, the procedures will be computed accord-
ing to the procedure code.
For each digitizing system, several readout procedure lists,
each covered with a priority and a different trigger pattern,
can be defined for subevent readout at experiment run . In
one readout list each readout procedure can be enabled or
disabled additionally.

The Instrumentation Control Processes will be improved by
standardizing many functions, especially the handling of
the procedure lists, monitoring and the save and restore
operations . Building pedestals and/or thresholds by soft-
ware trigger using the feature of GSI-Synchronisation
module has been realiied for Instrumentation Systems
supporting modules needed pedestals and/or thresholds
setup. Additionally, pedestals and/or thresholds processing
can be executed by external trigger alternately.

At this time eight different subtypes of Instrumentation
Systems are implemented in hardware and software, carry-
ing by extensive tests, in particular the came fera system
151, the fastbus multiblock system, the camas tdc2277
system, the fastbus LeCroy1800 system, the camas scaler
system, the camas drains system, the caainac tdc2228
system and the general multipurpose system.

B l . Cam= Scaler System
The comae scaler system previously designed as an auxil-
iary system for the LeCroy Mod .4434 has been extended in
addition to the digitizing system. The operating mode will
be defined during the setup procedure. In both operating
modes the counts of all scalers of one Instrumentation
System are stored in a variable located in the VED. At
update time or scaler overflow the counts in the variable
will be updated appropriately.
In digitizing mode, the subevent is built by scaler counts
accumulated between two triggers . Depending on the setup
of readout procedure lists, the subevent is fed to the event-
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path only or will be sent by unsolicited message to the
control process for monitoring respectively.
Two modes of scaler monitoring are realized for each con-
figured scaler, the periodical and triggered mode . During
periodical monitoring the scaler readout and monitoring
update time are defined by the user. Hence, the triggered
monitoring is applied to the digitizing mode, the monitor-
ing update rate is synchronous to the trigger rate . This
monitoring mode should only be used for sufficient low
trigger rates . In auxiliary mode only periodical monitoring
is supported . Certainly, in digitizing mode both monitoring
modes can be chosen for each scaler alternately.
Each scaler will be monitored in a separate window . Of
course, all configured scalers in one and different Instru-
mentation Systems can be monitored simultaneously . In
the software for each monitoring mode a dedicated moni-
toring process is realized.

In addition to the 32-fold LeCroy scaler Mod . 4434 the
implementation of the 12-fold scaler Mod . 2551 in this
Instrumentation System is still in progress.

B2 . Fastbus LeCrovI800 System
In the Fastbus LeCroyI8O0 System, a selection of the aerie
1800 modules produced by the LeCroy Company are sup-
ported, in particular the 96 channel TDC1879, the dual
range 64 channel TDC1875A, the rnuitihit 96 channel
TDCIS76, the 64 channel ADCI881 and the calibration
and trigger module CAT1810 . The implementation of the
96 channel multihit TDCI877 is currently in progress.
In one Instrumentation System the mixed mode operation
of any or of all supported modules is implemented . Accord-
ingly, one CAT1810 module can be used for several In-
strumentation Systems inside one crate.
During this reporting period, the communication to fron-
tend regarding the setup of parameters of all supported
module types has been realized according to the new
structured server functionality and the OSF/Motif user
interface has been improved respectively . Additionally,
several monitoring functions have been involved too.

The data readout of different module types, each type
marked by its own characteristics, is oriented according the
following criteria:
- for each module type a dedicated readout procedure is

used,
- to each module type producing event data a variable is

assigned . The position of set bits in this variable corre-
sponds to the slot number of module locations of the
same type.

- to modules, equipped with Sparce Data Scan, Broadcast
Classes are assigned, one readout Broadcast Class for
each of this module types and one pattern of Broadcast
Classes for each module, to specify the Broadcast Classes
to which the module will respond.

Combining the sequence of the readout procedures in the
procedure list in order to the conversion time of different
module types with the variable covering the location of
module of the same type and the Broadcast Class patterns,
the readout of different module types will be optimized.
Besides, all modules of the same type can be enabled or
disabled from data taking by enabling or disabling the
appropiate readout procedure and any module of one type

can be disabled from readout by manipulating the Broad-
cast Class patterns.

B3. Fastbus Multiblock System
In the Fastbus Multiblock System the 32 channel QDC
type 1002 and T.DC type lOC6 modules produced by
Phillips Scientific Company are supported . Both module
types are characterized by a short conversion time
(l0microsec.) and are equipped with onboard hardware-
driven data reduction (thresholds, pedestal subtraction,
zero and overflow supression) as well as fast Multiblock
data readout, and thereby predicted for experiments with a
high event rate.

Detected hardware problems by the QDCs during the test
period, were eliminated in cooperation with Phillips
Scientific . Therefore, various test software has been devel-
oped, based on Fas€ous-Nisei routines, on the Fastbus
Master under the operating system OS9.
This Instrumentation System has been implemented in
hardware and software in the data acquisition system and
approved by testing detectors.
In course of this reporting period, the server process run-
ning in the Fastbus Master CHI was structured according
to the EMS server concept and the GSI-Synchronisation
mode has been involved too . The setup and readout proce-
dures have been improved appropiately, especially the
pedestal building by software trigger using the GSI-

Syn-chronisation module was realized.
The Fastbus Multiblock Control process has been standard-
ized according to the extended data structures and the
handling of OSF/Motif user interface.

B4. Multipurpose System
To perform an unexpected and quick implementation of
new, by other Instrumentation Systems not supported
hardware in the data acquisition, especially during the
experiment time, the Multipurpose Instrumentation System
has been developed . Any modules, supported by procedures
in the frontend server processes can be collected to one
Multipurpose Instrumentation System . Generally, this
condition is fnlflled for all CAMAC and FASTBUS mod-
ules by the implementation of the standard CAMAC Esone
and FASTBUS NrlM routines in the server processes at the
Readout Controllers (ROCs) (Fig. 2).

In the Multipurpose control process, module test and data
acquisition modes are supported.
In data acquisition mode the Instrumentation System can
be defined as an auxiliary or digitizing system . In both
operating modes setup, control and for digitizing systems
the readout procedure lists are represented by simple
ASCII files . Each procedure list file consists of one or
more procedure lists . Therein, to each procedure list a set
of procedures is attached . Procedures are defined by the
procedure name, the procedure version and parameters
according to the format ProcedureName ;vers(pl,p2, . . .,pn).
By omitting the version, the highest version of the proce-
dure is taken. Omitted parameters assume procedures
without parameters.
In the file, procedure lists are separated by the character %.
Comments if inserted, beginn with an exclamation mark.
Comment and blank lines are permitted.



Fig . 2 : Structure of the Multipurpose Control] . process

In digitizing systems, for setup and readout, different pro-
cedure list files are required. To perform definite subevent
decoding in case of digitizing systems the following
restrictions are recommended:
- all in the Instrumentation System defined modules

should produce event data with clear defined structure,
- the readout sequence of modules in the readout procedure

list file should correspond to the order in Instrumentation
Data Set of the hardware configuration file.

The setup handling including the save and restore opera-
tions are similar to other subtypes of Instrumentation Sys-
tems.
For module test the execution of single procedures as well
as the execution of defined procedure list files are imp le-

mented.

D Offline Eventdistributor
The decoding of experiment data requires the knowledge of
the hardware configuration, the data formats of all config-
ured Instrumentation Systems and of the readoutsequence
of modules inside each Instrumentation System. To lighten
the experimentalists in data decoding and experiment
documentation, for the offline data analysis a software tool,
the Offline Eventdistributor has been developed .

The functionality of the Offline Eventdistributor is the tape
handling, the decoding of raw event data and the distribu-
tion of decoded event data to the dedicated data analysis
processes as well as monitoring of various data saved at
experiment run (Fig . 3).

Tape handling comprises open and close tape, tape motion
functions (skip file or record and rewind tape), and moni-
toring regarding tape directory and tape status.

For data analysis the experiment database will be config-
ured according to the state at the experiment run time.
Therefore, all file header and user records will be for-
matted to disk files and the required files will be loaded
into the experiment database . The decoding of raw event
data takes place automaticaly corresponding to the hard-
ware configuration at experiment run time, as required in
the Hardware Oriented Event Format (HOEF) or Detector
Oriented Event Format (DOEF), like during online data
analysis /1l. To the Eventdistributor connected data analy-
sis processes will be provided by event buffers of requested
formats.
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Data Analysis Processes

Fig. 3 : Structure of the Offline Eventdistributor

In software, the Mine Eventdistributor is structured in
the OSFIMotif user interface, the distributor process and
the logging and reporting system respectively . At this time,
the communication with the data analysis processes is
arranged by semaphores; event data buffers are mapped
into shared memory sections.
For the user . written data analysis processes a . template . is
provided.
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Electronics

J . Bojowald, G . Brittner, E . Bräkel, N . Dolfus, W. Ernst, H. habits, G . Lürken, I . Mohos, K. Winkler

The activities were concentrated on the diagnostic
equipments . in the whole COSY-area (source beamline,
cyclotron, injection hemline, ; synchrotron COSY and
extraction bean-dines) and on the nuclear experiments
each with about 50% of our manpower.

Some of the activities are described with more detail in
this Annual Report. In the following the most important
are summarized : :.

The multi-wire proportional chambers (MWPC) in the
extraction beamiines have been used extensively . Several
improvements concerning lower gas consumption, on -
line monitoring, mechanical retouchings, and larger high
voltage stability are nessecary and were started . Solutions
for this problems could be found and will be realized . A
calibration measurement with 38 MeV protons from the
cyclotron is prepared to extend the usability of the
MWPCs also for absolute intensity measurements /I /.

For the BPM-electronics /2/ systems at COSY, which
process the monitor signals of the 29 beam position
monitors and need a Local Oscillator (LO)-signal in
the narrowband mode of operation, a PLL-controlled
tracking LO-synthesizer f3/ was developed and
manufactured. The reference input is the COSY-RF . The
frequency of the generated output signal can be chosen,
by GPIB-interface, equivalent to harmonics (h=1-10) of
the COSY-RF and hence of the revolution frequency of
the particles . By this, the needed LO-frequency is, e .g. in
closed orbit measurements, automatically the correct one
and an individual . frequency setting is no longer
necessary . Therefore closed orbit measurements can be
performed at any time during the COSY-cycle, especially
also in the acceleration ramp . Special care was taken
about the spectral purity of the LO-output signal, which
could be realized to better than -60 dBc at >8 Hz
frequency offset in the 10 kHz - 500 MHz range.

For test and repair of the analog BPM-modules (BPMeP
and BPMeA) /21 a computer-controlled measurement
equipment was finally completed . The essential module
parameters and properties can be checked and docu-
mented . The electronic devices used (function generator,
programmable attenuator, oscilloscope, network ana-
lyzer) are controlled via GPIB by the VEE-system . The
settings of the devices are selected by graphical user
windows and the data analysis is performed by own-
developed application programs.

The electronics systems of the Stripline Unit (STR) 14/
and the Schottky-Pickups (SchPU), which are used until
now for the tune-measurements, were modified and
essentially extended for the measurement of the Beam
Transfer Function (BTF) /51 . The BTF corresponds, in
consideration of the transfer impedances of the STR and
the SchPU, to the ratio of the pickup-signal and the
excitation amplitude. The extension of the STR-
electronics contains : noise source with remote switchable
bandwidth of 50 kHz and I MHz, mixer-electronics to
transform the center frequency of the noise spectrum to
the desired excitation range, programmable attenuator to

control the excitation power, fast switch (GaAs) with
optically coupled trigger circuit and remote controlled
coax-relay to select the excitation signal from the noise
source or the tracking generator of a spectrum analyzer.
The controls can be performed remotely via an integrated
GPM-interface.For the analysis of the SchPU-signals the
BPM-electronics /2/ was modified and extended . In the
BPMeA-module the demodulator in the narrowband
channels was bypassed to make available the 10 .7 MHz-
intermediate signal and in the BPMeD-module the 1''11 .O-
memory size and the sampling rate were enlarged to gain
higher resolution and frequency range in the FFT-
spectrum. In order to make possible the digitalization of
the 10 .7 MHz-signal and its conversion into the
frequency domain by EFL the 10 .7 MHz-signal (with
50 kHz bandwidth) .-' is transformed down into the
100 kHz-frequency range. The mixer electronics was
built up in an additional VXI-module . The Local
Oscillator-signal for the mixer circuits is supplied by a
commercial synthesizer, its frequency is remotely preset
via a GPI-interface.

The most important activities for the experiments were the
following :

- The motor control (angle resolution 3 .105 in the
S range) for the low-energy X-ray spectrometer has been
expanded to a twin system . Computer control and
programming of the single system, realized by use of the
program-system LABVIEW, was reorganised for this
purpose.

- For the internal Lambda-fission-experiment and
additionally for preparing the target positioning of the 0°-
facility-experiment a stepper motor control was
developed to realize a fast but smooth movement of a
thin strip target which is attached mechanically only on
one side.

- For the GEM-experiment at BIG KARL various
converter modules to adapt levels and impedances have
been build as well as a high voltage distribution system
for 100 photomultipliers similar to devices which have
been build in 1993 for the COSY-11 -experiment.

Furthermore, all groups in 1KP were supported in
electronics matters by consultation, repair of devices,
acquisition and stock-keeping of electronics components.
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Measurements with the Wall-Current Monitor

J . Bojowald, K . Bongardt, J . Dietrich, H . Lawin, G. Lürken, I . Mohos

The broadband wall-current monitor (WCM) [1,2,3] is used
to investigate the bunch shape of the COSY beam.
Furthermore from the pulse distances and the average
current measured by passive integration the number of
circulating particles is deduced. The data analysis is
performed by the HP-VEE system [4] .

Fig . I : Number (left scale 5 • l0 9idiv) and revolution
frequency (right scale 0.2 MHzJdiv) of the circula-
ting protons dependent on time (0.1 s/div) after the
start of the COSY cycle

In Fig . 1 the number and the frequency of the circulating
particles is shown for a typical process of accumulation and
acceleration up to 1030 Me`I/c dependent on the time after
start of the COSY cycle (COSY 0) . The injection occurs

26 ms after COSY 0 . The maximum number of particles is
observed 34 ms after COSY 0, for this case being 3 • 10 10.
Strong particle losses can be seen before the start (103 ms)
and the first phase (till about 200 ms) of the acceleration
ramp. After that time the proton number stays

approximately constant being 5 • 10 9 . In order to clear up
the losses during injection and acceleration further
investigations and simulation calculations [5] are in
progress.

In Fig. 2 the debunching effect after switching off the
COSY-RF voltage (1307 ms after COSY 0) is demon-
strated . For this case overlapping of the individual bunches
starts about 3 ms after switching off the RE-amplitude . At
latest after further 20 ms coasting beam is existing in
COSY.
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Fig . 2 : Bunch shapes measured with the standard BPM
electronics (7 MHz, curve 1) and the broadband
amplifier without baseline restorer (70 MHz,
curve 2) showing the debunching of the beam
1 .30 s (a), 1 .31 s (b), 1 .32 s (c), 1 :33 s (d) after the
start of the COSY cycle (COSY 0) . The
accelerating voltage. was switched off 1 .307 s after
COSY 0.
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Automatic Test Station for the Analog Beam Position Monitor Electronics.

J . Bojowald, J . Dietrich, G. Liirken, I . Mohos

To measure the beam position, 29 monitors are
installed along the COSY accelerator ring. The
preamplified signals of the monitors are processed by
the analog unit of the BPM electronics . The total
amount of the electronics ( two sets for the X and Y
planes at each monitor and reserve units) is 80 sets.
The BPM electronics consists of three main parts:
analog preamplifier (BPMeP), analog processing modal
(BPMeA) and digital control and data acquisition
modal (BPMeD) .

The testing of the analog BPM electronics (in Fig. 1 the
block diagram is shown) needs a lot of complex high
frequency measurements in the frequency range DC-
200MHz and the amplitude range 5uV-1V. A test in all
modes needs about 1700 single measurements . The
processing of the test data means simple computations
in large quantities. The long time for manual
measurements and the higher probability of human
failures are not acceptable for serial tests. For this
reason an automated test station was developed and
realized.

---------------------
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Fig. 1 : Block diagram of the analog BPM electronics
(BPMeP and BPMeA)

For the complete checking of the analog specifications
signal generators, attenuators and oscilloscope are
neccessary with accuracies much better then the
specification of the BPM electronics and with
possibilities for interfacing to any bus system. The
signal generators and measuring instruments, the VXI
crate for the unit under test and the computer
(IBM/AT) are placed in a 19" rack . All equipments are
interfaced to the PC via standard instrumentation bus
(GPM). The VEE testprogram [I] running under the
operating system OS/2 controls the measurements and
processes the test data . For each functional part in the
BPMeA stand alone program packages are developed,
they can be started independently or also combined
together according to the main menu.

Test segments are available for measuring the
- equivalent input noise of the preamplifiers
- gain accuracy of the preamlifiers
- accuracy of the sum and difference signals

- gain accuracy of the programmable amplifier
- broadband amplifier's frequency res ponse
- frequency response of the low-pass filters
- frequency response of the IF filters
- linearity and offset of the level detectors.

The test results with tolerance limits appear on the
display also graphically . The measured data, the unit
identifier and datum are stored in file.
Ref. 2, describes the BPMeA's operation modes and
specification . Fig. 2 shows the block diagram of the
automatic test station.
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Tracking LO-Synthesizer for the BPIF-Electronics at COSY

J. Bojowald, J . Dietrich, I . Mohos, G. Schnitzler

For the measurement of the beam positions, 29 beam
position monitors (BPMs) [1] are installed in COSY . By
the accompanying BPM-electronics [I] the moni tor

signals can be processed (i) in the broadband mode (time
domain) with 7 MHz bandwidth and (ii) in the narrowband
mode (frequency domain) with presettable band pass filter
widths of 10,100 and 300 kHz in the 0 .2 - 60 MHz
frequency range. The broadband mode reproduces the
bunch shape and is used for the analysis of the beam turn
by turn; but the resolution is limited due to noise,
especially at small deviations of the beam from the centre
position (small A-signals) typical for the aspired ideal
beam orbit . The narrowband mode results in much better
resolution due to the higher signal to noise ratio, but is
applicable only with stored beam under „stable" conditions
due to averaging over several turns caused by the filter
response times . This is fortunately the most often case of
beam position measurement, e .g . in routine determinations
of the „closed orbit", the instantaneous equilibrium orbit of
the beam in COSY.

During narrowband measurements the BPM-electronics
need for their mixer circuits a Local Oscillator (LO) -
signal, which makes possible by correct frequency setting
the selection of the frequency content in the input signal to
be measured. Until now the LO-signal was generated by a
cotmuercial synthesizer, the frequency of which was set byJ
the COSY-control system via the GPIB-interface . Now a

tracking LO-synthesizer [3] was developed and
constructed, which allows to preset the LO-frequency
equivalent to harmonics of the COSY-RF and hence of the
revolution frequency of the particles in COSY . By this the
needed LO-frequency is, e.g. during closed orbit
measurements, automatically the correct one and an
individual frequency setting is no longer necessary . The
tracking speed is >10 hraizJs and exceeds the maximum
frequency slope in course of the acceleration ramp, so
narrowband closed orbit measurements can be performed
at any time in the COSY cycle . Much care was taken about
the spectral purity of the synthesizer output signal, which
could be realized to better than -60 dBc (at >8 Hz
frequency offset in the 10 kHz - 500 MHz range) and
renders possible to suppress the disturbing influence of
neighbour peaks in the frequency spectrum and thus to
enable a measurement accuracy according to the good
signal to noise ratio in narrowband measurements.

Fig . 1 shows the block diagram of the tracking LO-
synthesizer, the most important part of which is an
extended and especially optimized phase locked loop
(PLL). This includes besides the voltage controlled
oscillator (VCO) and the phase detector, additionally, a
mixer and stable crystal oscillator (XTCO) to shift the LO-
signal frequency by the amount of the intermediate
frequency (110,7 MHz) of the mixer circuits in the BPM-
electronics. Furthermore the loop contains a presettable
frequency divider by which the LO-frequency can be

chosen equivalent to harmonics (k = 1 - 10) of the COSY-
RF frequency. The LO-frequency therefore is defined by

fLO = fzF + k fHf = 110 .7 MHz + k ' fm

with fu the intermediate frequency of the BPM-
electronics, f4 the frequency of the acceleration cavity
which corresponds to the particle revolution frequency and
k the harmonic number.

In order to gain the needed loop settling speed a loop filter
must be adjusted according to the harmonic number . The
setting of harmonic number and loop filter is carried out by
an internal microcontroller which is connected with the
COSY-control system via the GPM-interface . The

harmonic number can also be set by encode switches at the
frontpanel . At time of turning on the supply voltage the
control is set to „local" and after arrival of the first GPIB-
command switched to „remote" ; the status is indicated by a
LED at the frontpanel.

The „PLL locked"-status is also indicated by LED . With
COSY-RF signal present at the input the loop is closed
automatically . In the case of missing COSY-RF signal the
internal microcontroller periodically scums the total LO-
frequency range; the LED „PLL locked" stays non-
illuminated until the COSY-RF signal is present again.

Fig. 1 : Block diagram of the tracking LO-synthesizer
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Fig . 2 : Schematic overview of the LO-signal system for the BPM-electronics at COSY

Fig . 2 gives an overview of the LO-signal selection and
distribution (LOD) system for the BPM-electronics at
COSY . The LO-signal can be selected from the tracking
LO-synthesizer or a precision synthesizer (from company
PTS) via a coaxial relay controlled by the microcontroller
and GPM-interface. The tracking LO-synthesizer is used
during usual accelerator operation in measurements to
monitor the COSY beam, e .g . in closed orbit measure-
ments . The revolution frequency of the particles or
harmonics of it are analysed in these cases and the
tracking LO-synthesizer always yields the correct LO-
frequency at any time during the COSY cycle . The PTS-
synthesizer is used in measurements with fixed LO-
frequencies different from harmonics of the revolution
frequency, e.g. for monitoring the cyclotron beam
(27 MHz-structure) injected into COSY or for the
measurement of machine parameters (e.g. tune), which

are determined by the transverse oscillation of the beam
particles (b e[

	

oscillation) and are deduced from the¢U1i~f trop411 V[oscillation)

	

[ll

frequencies of the sidebands in the frequency spectrum of
the tranverse monitor signal.
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Electronics for BTF- and Tune-Measurements at COSY

7 . Bojowald, J . Dietrich, R. Maier, I. Mohos, U . Oeftiger

The electronics systems for the Stripline Unit (STR) [I ]
and for the Schottky-Pickups (SchPU) [2j, which were
used together until now in tune-measurements, were
modified and significantly extended for the measurement
of the Beam Transfer Function (al I{) . The STR is used as
kicker to excite beam oscillations and the SchPUs with
their accompanying electronics are used to detect and
analyze the beam response, which is resonantly enhanced
e .g . in cases the exciting frequency is equal to a betatron
oscillation frequency. The BTF is the ratio of the pickup-
signal amplitude to the corresponding exciting amplitude,
if the transfer impedances of the STR and SchPU are taken
into account.

Fig . 1 shows the blockdiagram of the total BTF-
measurement system . The STR and the SchPUs are
installed in COSY about 65 m apart from each other.
Directly at the STR are mounted also the 50 S2-terminators
(100 W) for the striplines and the 50 sa-attenuators
(100 W ; att . 10 dB) for coupling out the exciting signal as
reference for the B fF-rneasurerrtents . The subdevices to
supply the STR, i .e. electronics for signal generation
according to the selected excitation mode, power
amplification and computer control, are installed in the
inner part of the COSY-hall near the STR, but outside the
COSY-tunnel. The „Schottky-electronics"-systems for
processing the pickup signals and the reference signal are
installed inside the COSY-tunnel directly at the place of
the SchPUs. Only the computer-controlled synthesizer for
the Local Oscillator (LO)-signal of the mixer circuits in
the BPMeA-modules [3], which is used . to select the
investigated frequency range in the input signal, is situated

outside the COSY-tunnel . The pickup signals yield
informations on the longitudinal and transverse motion of
the particles or the total beam bunch, respectively. With
dropped down COSY-RF amplitude and therefore
dispersed bunches (coasting beam), these are (i) the
Schottky-noise signals in case there is no excitation and
(ii) over time of beam excitation the BTF-signals arising
amplified by resonance if the exciting frequency
corresponds to a betatron frequency during transverse
excitation and to the particle revolution frequency during
longitudinal excitation . For the measurement of the BTF
the Schottky-electronics is needed twice, for processing the
pickup signals and the reference signal. Both channels
have to be carefully tuned for balanced operation,
especially in phase because the BTF is a complex quantity
and is particularly sensitive in the phase dependence.
Therefore also the propagation delay time of the reference
signal due to the 65 m-long cable must be compensated by
equal long cables in the pickup signal lines, because
otherwise a frequency-dependent phase unbalance would
result.

In the tune-measurements performed up to now the tune
was determined only from the estimated center frequencies
of the side bands in the frequency spectrum of the pickup
signals . The precision of the resulting tune values is not
sufficient enough (about I%) due to the inaccurately
defined center of the broad and partly interrupted peaks.
The side band frequencies and consequently the tune
values can be deduced more precisely in BTF-
measurements from the phase response, because a phase
jump occurs in the side bands due to the resonance
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process . Therefore as result of the extended measuring
equipment a more precise tune-measurement gains at the
same time. But the BTF-measurements moreover allow
further important measurements, e.g . the determination of
the particle momentum distribution in the beam and of the
accelerator impedance, and they yield significant
indications about possible instabilities and the magnitude
of the necessary feedback signal, if instabilities have to be
overcome.

The extension of the STR-electronics contains the
following developments : A noise source (white noise) was
realized to be used as source of the beam exciting signal
with remote selectable bandwidths of 50 kHz and 1 MHz,
the center frequency of which can be transformed by a
mixer circuitry and a remote controlled synthesizer to the
center frequency of the desired excitation range within the
0 .4 - 60 MHz frequency range; the diagram of the circuitry
is shown in Fig. 2(a) . A fast trigger electronics with
programmable presetting of time delay and excitation time
was built up, which facilitates by GaAs-switch to turn on
the beam excitation for short but defined time at any
moment during the COSY-cycle. Thereby several
excitation periods can be released in turn with presettabie
time distance within the same COSY-cycle (for average
purposes) . For adjustment of the excitation power a
programmable RF-attenuator was inserted . And a
program-controlled coaxial relay was incorporated to select
as source of the exciting signal the noise source or the
sweep oscillator of a spectrum analyzer, respectively . For
the connection to the computer system a GPIB-interface
was integrated. This also controls now the signal settings

for the striplines according to the selected excitation mode,
as described in Ref. [I].

The Schottky electronics (see Fig . 1) is a modified and
extended BPM-electronics [3]- The modification concerns
in the. BPMeA-module the bypassing of the demodulator in
the narrowband channels, so that the 10 .7 MHz-
intermediate frequency signal is available now, and in the
BPMeD-module the enlargement of the FIFO-memory size
(from 4K to 64K) and the adaptation of the sampling rate
(200 kHz instead of 1 Whiz with 100 kHz-bandpass filter
in the BPMeA-module), in order to expand the signal
recording time and thereby to gain higher resolution (now
3 Hz) in the FFT-spectrum . The extension of the Schottky
electronics consists of a mixer circuitry, which down-
converts the 10 .7 MHz-signal with 50 kHz-bandwidth to
the 100 kHz-frequency range, so that it can be digitized in
the BPMeD-module or alternatively also in a FFT-analyzer
and than transformed by FFT to the frequency domain.
Tice mixer electronics was built up in an additional V_XT-
module; the functional diagram is shown in Fig. 2(b).
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Semiconductor Detectors

G. Fiori, A. Hamacher, S . Igel, H. Machner, H . Metz, D . Proti6

As in the previous year the activities of the group were
mainly devoted to the construction of the detector systems

called Germanium Wall for COSY-experiments [1], [2].
All components needed for the first version are completed,
tested and are ready for final mounting.

The cryostat provided with feedthroughs made from
flexible cooper leads on Kapton foils was mounted in its
position in the experimental area together with a LH 2 -tax-
get . Amer cooling down to 77 K a pressure of 7x104 mbar
could be achieved with the open valve to BIG KARL.
Closing the valve improves the vacuum inside the cryostat
by .. an order of magnitude . A separate vacuum system for
fixing a LNz-dewar was constructed. Now the detectors can
be cooled using LN2-dewar or liquid nitrogen flowing
through the pipes inside the cryostat.

A Quid-detector with 200 spiral elements was manufac-
tured and tested in a mod fed test-cryostat. Using special
connectors it is quite easy to put the detector from one
cryostat into the other . This also applies to the B-detector
(Figure 1) of the Germanium Wall. Having a volume of

135 cm' it is, to our knowledge, the largest planar ger-
manium detector ever built . The detector was manufac-
tured from a piece of high purity germanium with a diame-
ter of 102 mm and a thickness of 17 .8 mm. A central
conical hole was bored after preparing the n-contact, about
1 nun thick, by Li-diffusion at 350 °C. 32 radial segments
were defined by plasma-etching the grooves through the
boron implanted p" -contact . Two additional Quirl-detectors
were manufactured and will be placed in the mountings for
GEM-experiments to be used as spare detectors . Several
germanium wafers are currently being processed for
further Quirt-detectors.

All electronic components for the read-out of approxi-
mately 500 detector elements are completed and tested.
Various modifications were performed to improve the
properties of the components. The sensitivity of the pre-
amplifiers and amplifiers was adapted corresponding to
expected detector signals . Electronic parts of the sum
amplifier were Bolded on printed boards. Every 16 ampli-
fiers and discriminators were mounted together with two
sum amplifiers inside a NIM-unit and then tested.

Fig. 1 : E-Detector for the Germanium Wall
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The development of thin silicon annular AE-detectors
having a position sensitive structure defined by spirals on

both sides has been started . These "Quirl"-detectors will be

used for TOF-experiments . A series of 500 gm thick
silicon wafers with a central hole was prepared for etching
before ion-implantation . Several diodes with implanted
layers on both sides, manufactured at INP-Cracow, were
tested after evaporation of Al-contacts . This development
will be continued in collaboration with INP-Cracow and
ISI.

Extensive tests were performed with the prototype of a

germanium strip detector [3], together with the collabora-
tion of E.S .R.F., Grenoble . Three elements of 0 .2x200

mm2 separated by 35 p.m wide grooves and surrounded by
a guard-ring were connected to the first stages of pream-
plifiers mounted inside the cryostat . The rest of the pre-
amplifiers, made by Ste-technology and developed by
KFKI-Budapest, was placed outside the cryostat . As
expected, the energy resolution was determined mainly by

the noise of the input FET and amounted to 0 .85±0 .05 keV

WHIVI] for a 60 keV y-line . After the tests performed by
the detector group in Grenoble one can state that:
a) neither the reverse current of the detector nor the resis-

tance between the strips limit the energy resolution of
the prototype,

b) there is only a small influence of the strip structure on
the charge collection and therefore on the shape of the
peaks and

c) cooled input FET's, selected to match strip capacitance,
should be used for further improvement of the . energy
resolution.

The next steps in the collaboration with KFKI and
E.S .R .F. will be devoted to the development of the strip

detectors with a resolution of better than 0 .5 keV [FWFIM].
This can be achieved using special miniature preamplifiers
with cooled input FET's . mounted as close as possible to
the strips . Furthermore, a germanium strip detector with a
special test-structure should be used to study the influence
of geometrical parameters on the detector properties, for
example width and depth of the groove.

Three germanium detectors are manufactured for the zero
degree facility of CELSIUS in Uppsala, a collaboration
with the University of Stockholm:

1. AE-detector with both contacts made by ion implanta-
tion having an area of 40 cm2 and a thickness of 1 .1
mm,

2. E-detector with a Li-diffused rear contact and boron
implanted entrance contact of 50 cm 2 and 15 mm
thickness and

3. AE-detector, similar to the first one, but position sen-
sitive in xy-direction with 66 strips on one side and 18
strips on the opposite side . Each of them will be con-
nected to an amplifier chain outside the CELSIUS-ring.

The first two detectors are already tested in Jülich and
Stockholm . Soon the position-sensitive detector will be
mounted and the strips bonded to the finished printed leads
on Kapton-foils . After mounting it in a test-cryostat the
response of each strip will be examined with its own am-
plifier chain . All detec tors and mounts are so constructed

that they can sustain a temperature of up to 470 K inside
the CELSIUS-ring.

In collaboration with ISI a series of P-I-N and staircase-

diodes made from AIGaAs/GaAs was tested with a- and x-
radiation. Regarding the staircase-diodes special attention
was paid to the internal multiplication and its influence on
the energy resolution . For the 13 .96 keV x-ray the best

resolution of 0 .9 keV [FWIIIVil could be achieved at room
temperature with an internal amplification factor of 4 .2.

Commercial silicon and germanium detectors were tested
or repaired in urgent cases . Several groups at KFA were
supported with some special technical procedures (plasma
etching and bonding) . A group. . from the University of
Bonn . was supported during the development and fabrica-
tion of special targets by making use of facilities for pho-
tolithography. and ion-etching.

References:

[ l i Annual Report 1KP 1993,Jtil-2879, p. 242

[21 Annual Report IK.~D 1993; Jill-2879, p. 7

[3] Annual Report 1KP 1993, Jill-2879, p. 241

Targets

J . Pfeiffer, D . Protic

The most `important activity was the preparation and
mounting of carbon foils to be used as targets for the
COSY injection system . A technician from the COSY
crew has been introduced to basic techniques of carbon
target preparation . Very large targets of 60 mm in

diameter and a thickness of 20 ltg/cm2 were manufactured
for the EMA of the injection beam line . Various targets
were prepared for MP-groups and outward laboratories.
Various materials (scintiliators, foils) were coated by
evaporation of different metals.
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Energy Calibration of Scintillator Elements of a High Energy Photon Detector with a Linear Light Pulsen System

D. Keller, D . Kopyto, H.R. Koch

The production mechanisms of the mesons A°, rl, and el' in
p+p- and in p+nucleus reactions can most effectively be
studied

	

t

	

intodied through hax the direct detection ofi the 2 photons, into
which these neutral pseudoscalar mesons may decay . A
large acceptance, granulated photon detector, which would
be very helpful for this type of research [I] at COSY,
cannot be realized immediately . Nevertheless, we are
building a test detector module, consisting of 25 pure Csl
scintillator elements, which can be used to determine the
energy of electromagnetic showers, produced by it decay
photons, which hit the central element of the 5*5
scintillator array . The elements are 30 cm long and have
the shape of truncated pyramids, with the dimensions X3 . 3
cm 2 on the front side, and X6 . 6 cm2 on the rear side.
Photons originating from l mesons, which were produced
close to the \'N threshold and which decay symmetrically
to the beam axis, have energies of X400 MeV in the
laboratory system. Simulation calculations show, that
photons of 400 MeV, which enter the center of the array,
produce electromagnetic showers, which deposit 96 %
(average value) within the module . The width (fwhm) of
the distribution is expected to be 3% [2].

On the basis of this value, we aim to limit the systematic
error of the shower total energy determination, which is
caused by imperfect energy calibration, to t1%. The
energy region, for which the response function (charge at
photomultiplier anode I energy deposit in scintillator) must
be determined, and the desirable precision of the energy
calibration, follow from the distribution of the energy
deposits per single element . Photons of te400 MeV cause
energy deposits in one crystal from 1 MeV to 360 MeV,
Highest precision is needed for the large energy deposits,
which occur close to the center of the shower . In this
region we may have 360 MeV in one crystal, but also
amounts of X100 MeV distributed over 4 crystals, if the
center of the shower is located close to the edge of a
crystal. We conclude, that for t1 detection we should have a
calibration precision of 1% in the region from 400 to 100
MeV and tolerate -as a first rough estimate- an absolute

error of A: I MeV at lower energies . In Tl} experiments, the
high energy precision region has to be extended to
Ml GeV.

identify rz°-, rl- or rlE mesons in an experiment, one will
certainly use the well known masses of these mesons to
determine corrections for the original calibration
parameters.

Well defined energy deposits in the I00 MeV region could
be produced with protons, of course. However, due to the
high ionization density, the scintillation light output is
much less than it is in ionization processes, caused by the
electrons of an electromagnetic shower or by electrons
produced in low-energy Compton processes . Thus
calibration with protons or heavier ions must be excluded.

As indicated in ref. [3] we have examined a Iight pulser
system, which can S
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CsI. The pulse shape is adapted to the as8 ns time constant
of the dominant fast component of Cs! light and the
intensity can be varied with a precision of <I% in a range

corresponding to energies all MeV to tet.I GeV deposited in
a pure CsI reference scintillator. The light pulser system
consists of a fast pulser (risetime=2 .5 ns, falltime=l5ns,
amplitude =10 V), a visible light laser diode (2 = 635 nm),
a lense which produces a parallel beam, 2 dichroic linearly
polarizing filters, which can be rotated, and a lease, which
expands the beam to cover the entrance window of the
PMT [4] . The light intensity behind the polarizers is given
as I = Ia•(cos20 + R) . The angle between the principal axes
is denoted O. In the crossed position we obtained I = R =
1 . 10 -5 . If scattered light was sufficiently suppressed, the
precision of the adjusted intensity depends only on the
stability of the laser diode and on the error of the angular

setting. We use a stepper motor driven rotator with AO =
0 .01°, which makes the relative intensity error AI/I < I%
over the full dynamic range of 1000 . This result was
verified with the help of a PIN-photodiode, which is linear
to a very high degree [5].

The 25 element pure CsI-detector module will be read out
by the Hamamatsu R4551 PMTs, which have a 0=60 mm
photo cathode with UV transparent entrance window. Fig.
I shows the dependence of the peak anode current from the
pulser light flash intensity. This intensity is expressed
through the equivalent energy deposit of y radiation in a

For the energy region up to I GeV a pure Csl photon
spectrometer is best read out with photomultiplier tubes
(= PMT) . It is well known, that PMTs are non linear for
many reasons, in particular in the region of large pulse
heights . How can we obtain the shape of the response
function and an absolute calibration for energy
measurements up to I GeV?

Energy deposits in one scintillator element, which are
precisely known, can easily be produced at energies in the
I MeV region using standard y ray sources. If we want to
derive absolute calibration of 1% at high energies from
low-energy reference points, we must determine the
detector response function for the complete energy range
with the same precision. After one has succeeded to
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Fig. l : Peak current at the anode of a Hamamatsu PMT vs.
radiation caused scintillation flashes in pure CsI,
measured with light pulser system
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pure CsI-reference crystal . The voltage at the PMT was -
1000 V, linearly distributed between cathode and anode.
The pulse shape was such, that we obtain for the ratio
(total charge) / (peak current) = 27 ns . The measured
response function corresponds perfectly with older results
obtained with another calibration method, which is
relatively complicated and time consuming [5] . For the
operation conditions given above, the non linear response
of the PMT starts at X10 MeV. At 700 MeV the output
signal amounts to only 57 % of that of a linear system.
Thus careful determination of the response function for the
complete dynamical range is unavoidable.
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Fig . 2 : Anode current at Philips XP2020Q for U=1500 V

We have also started to measure the response function of
the Philips XP2020Q PMT, which is widely used to read
out fast scintillators. The standard voltage devider base
S563 was used. Fig . 2 shows strong non-linearity of the
peak anode current for light intensities corresponding to
>70 MeV . The anode-cathode voltage was U=1500 V . This
effect may be due to space charge in the tube . At U=1000

V ( see fig . 3) the charges are lower by a factor X60 . The

response becomes linear up to a--300 MeV, in spite of the
smaller electric fields in the tube .

energy [MeV]

Fig . 3 : Same as fig . 2, yet U=1000 V

We conclude that the described pulser system is well suited
for precise determination of the current response of PMTs
to Iight flashes. The application of the method is in
particular interesting for scintillator systems, which consist
of a large number of elements, as the variation of the light
intensity over the complete dynamic range can be done
remotely through computer control.
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Comparison of Measured and Simulated Features of the EUROBALL CLUSTER Detector

D. Kutchin, R.M. Lieder, W. Gast

The prototype of the EUROBALL CLUSTER detector has
been developed in a collaboration between the KFA Jülich
and the Cologne University . The Cluster detector consists
of seven large, encapsulated Ge detectors in a compact
geometry which are surrounded by a BGO escape-
suppression shield consisting of 18 EGO scintillation
detectors . Details about the CLUSTER detector design and
the encapsulation are given in [1] . At the initial stage of its
design, Monte-Carlo simulation calculations were carried
out to optimise the geometry of the CLUSTER and to
determine its detection features, namely, the full-peak
efficiency and the peak-to-total (WI) ratio [2]_ All
detectors and the crystat are now available and the first
tests of the complete system have been carried out . The
efficiency, add-back probability and PIT ratio of the
CLUSTER detector resulting from both the Monte Carlo
simulation calculations and the measurements using the
prototype are compared in Table 1 [3].

Table 1 : Measured and simulated features of the
EUROBALL CLUSTER detector for Er = 1 .33
MeV,

CLUSTER features Measured Calculated

rph~Ge [10'] (at 43 cm) 28 .8 31 .9

(1'/T )unsuppressed 0 .37 0 .40

(1'/' )suppressed 0 .61 0 .72

add-back factor 1 .41 1 .48

1 detector response
2 detector response
3 detector response.
9 detector response

0 .691

0 .271
0 .033
0_002

0 .675

0 .283
0 .039
0 .00 :3

The full- k efficiency and the PIT ratio of a single semi-
hexagonal tapered Ge detector and a CLUSTER consisting
of 7 such detectors have also been calculated as a function
of y-ray energy . The results are shown in Fig . 1 .

Gamma-ray Energy CMeV]

Fig . 1 : Calculated full-peak efficiency and P/T ratio of a
single semi-hexagonal tapered detector and the
cluster of 7 such detectors plotted against the
energy of the incident y-rays.

It can be seen that the increase of the full-peak efficiency
and PIT ratio of the CLUSTER detector as compared to
those of the single Ge detector gets larger at higher y-ray
energies. For 15 MeV the improvement amounts to a factor
of 3 . This makes the CLUSTER detector useful also for
experiments in which high-energy y-rays are studied.
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Monte Carlo Simulation Studies of a High Power Stationary Target for the European Spallation Source (ESS)

D. Filges, R.D . Neef, H. Schaal

In order to achieve quite ambitious design goals, for the
ESS neutron source it was decided to study a linear accel-
erator for acceleration of primary particles, IT' or H' ions,
up to an energy of 1 .35 GeV with a time average current of

3 .7 mA (i .e. 5 MW), in pulses of 1 p.s duration with inter-
vals of 20 ms.

With tungsten or tantalum as spallation material thermal
time-averaged neutron fluxes of more than 10 ' 4 n/cm2 s can
be reached, i .e. thermal neutron fluxes during the pulses
will be higher than 10 " n/cm2 s.

The ESS target was proposed as a "rotating double wheel"
geometry to facilitate cooling, But disregarding the more
progressive ire of a wheel target Conrad /l! believed that

from the conventional solutions the bent plate target is the
most promising. The essential features of this proposed
target version are:

- bent plates to stabilize the geometry
- axially varying plate thickness in accordance with the

varying power density
- radially varying coolant gap width (sickle shaped),

coarsly equalizing the cooling conditions

Although it is obvious that a rotating solid state target has
its advantage with respect to heat removal, lower neutronic
dilution by coolant and lower specific radiation damage
such a target will be larger and technically more challeng-
ing and probably more expensive than a non-moving tar-
get. If .he life-time of a stationary target were solely gov-
erned by the specific radiation damage of the window, a
factor of 50 or more is easily gained employing a rotating
target. Thereby an enormous reduction of the number of
service shut downs is gained as well . On the other hand, if
a rapid exchange were devised, a non-moving target could
be an attractive alternative . In order to have a sound basis
for a final decision, we investigated the fundamental re-
quirements of a stationary target.

Therrnohydraulics of a stationary target
Investigation of the rotating target results for energy
deposition, coolant flow, temperature rise, and material
damage let to the design of a stationary target system : The
stationary bent disc type tungsten target (Fig . 1).

The first calculations had to estimate the energy deposition
in the target materials to study the cooling problems and
the dynamic stress of the materials . Energy deposition in
the targets, moderators, and reflectors is rather sensitive to
the exact shape of the proton beam . We assume that the
beam is centered on target in a circular beam spot . The

beam profile is Gaussian. The standard deviation is ß = 2 .5
cm and the beam is truncated at radius r = 5 cm.

We calculated the energy deposition in the target plates
along beam axis in radial rings of 1 cm thickness (Fig . 2) .

The highest energy deposition value of 3800 W/cm 3 is

reached in the fourth tungsten plate in the inner zone of
1 cm radius .

€40mm

Fig . 1 : Vertical cut of target I of bent disc target system
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Fig . 2 : Distribution of energy deposition in target 1 of
bent disc target at 5 MW and I .35 GeV proton
beam

Figure 3 gives the energy deposition per 2 cm 2 surface of

tungsten target plate. The coolant power has to be almost
constant along the beam axis but there is still some optimi-
zation possible . The investigated surface is of radius 2 cm
around beam axis . As result we have got to remove a
power of 400 Wlcm2 from the tungsten surface.

0	 -
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widening of the proton beam from pencil beam to 14 cm
diameter increases average fast neutron flux (volume flux)
by 3% and reduces fast surface flux by 9%, whereas
backscattered fast neutron current is increased by 25%.
This might be an important increase of background for the
measurements.

Calculation of Target Shield Thickness
To perform calculations for the region in and around a
spailation target one should use a computer code that has a
detailed geometry description and treats all particle types
(i .e . protons, pions, neutrons etc .) . A code with these fea-
tures is the Monte Carlo Code HETC 121. For the calcula-
tions of deep penetration problems, on the contrary, one
needs a fast running code that can calculate the gamma ray
and neutron flux, because the high energy neutrons are the
deep penetrating particles and the neutrons and the gam-
mas are the particles which determine the dose outside the
shield . A detailed description of the geometry is not neces-
sary for the bulk shielding calculations . So for the shield-
ing calculation the one-dimensional transport code AN1SN
/33 / can be used.

We decided to combine the advantages of both codes to the
coupling procedure 141, which was used to perform a first
estimate of the shielding thickness of the ESS target sta-
tion . As target we used a system of tungsten cylinders with
total active length of 50 cm and radius 5 cm . The target is

surrounded by a lead reflector . This model contains the
essential features of the proposed wheel target /5/ which is
described in the Annual Report 1993 . For the shielding
calculation the model target region is surrounded by an
iron sphere with inner radius 1 m. 10 cm inside this sphere
the coupling surface is defined. The calculations were
performed for proton beam energy 1350 MeV and different
angular intervals . The radial dependence of the dose rate is
shown in Fig . 5 for a shield of variable thickness of iron
with about 30 cm concrete as outer wail . In all cases the
beam power is 5 MW and the dose rate outside the shield is

demanded to be Iess than 7 .5 p.Sv/h . The energy dependent
flux-to-dose conversion factors are taken from ref. 6 . The
resulting shield thicknesses are shown in Fig . 6.
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Fig .	 Dose rates for all angular intervals versus radius
of the shielding sphere

Neutron Flux
Figure 4 gives an overview about thermal neutron flux in a
moderator for 1350 MeV. With this energy we calculated
the double wheel target, a flat plate target, and a bent disc
target and found a step by step decrease of the moderator
flux values.

Fig . 3 : Energy deposition . along central area of radius
r = 2 cm of bent disc target at 5 MW and 1 .35
GeV proton beam

ESS 5 MW mean neutron flux

in moderator combination

~ . . WHEEL- TARGET

"ILAT PLATE ` ~~
BENT DISC

2-

ESS 13

Fig . 4 : Thermal neutron flux in a fast moderator for
different target systems

To reduce the energy load on the target it is necessary to
widen the proton beam . Therefore, it is interesting to know
how the neutron fluxes and neutron currents of the mod-
erators : are influenced_ by variation of proton beam diame-
ter. A widening of the proton beam from pencil beam to 14
cm diameter reduces thermal neutron volume flux as well
as surface flux by 8%, whereas back scattered thermal
neutron current is reduced by only 2% which is not a sig-
nificant difference to the current from pencil beam . A
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Fig . 6 : Resulting shield thicknessess for different angular

intervals to get dose rates less than 7 .5 p.Sv/n out-
side the shield

Calculation of Radioactivity
For spallation facilities it is important to know the amount
of radioactivity caused by beam losses in the accelerator,
because this allows to decide whether hands-on-mainte-
nance is possible or remote handling systems have to be
foreseen.

To answer this question we calculate the radioactivity in
the following way : The residual nuclei produced as result
of the spallation process are calculated using the Monte
Carlo Code HETC 121 . This code computes the spatial
dependence of residual nuclei using a intranuclear-cas-
cade-evaporation model.

The residual nuclei distribution is input for the code
ORIHET /71 which solves the equation of nuclide produc-
tion and decay. The code needs a data base containing
haiflifes, decay probabilities, binding energies, and gamma
energies for all nuclides . So for each time the amount of
nuclei, their radioactivity, the power in the. system, and the
gamma ray spectrum can be calculated.

The cavity walls of 3 mm thickness can be hit by protons
lost from the beam. Because of the curved walls it is pos-
sible that the beam loss protons can cross the wall several
times . So the effective thickness can be much larger than 3
ram. To take this into account and to avoid too many
calculations we performed a sensitivity study for the im-
portant cavity materials (see Table I) . The dim of this
study was to be able to estimate the radioactivity for a
given energy and effective thickness using the results of
our parameter set .

Target-Material il~Qeo [cm j

J

Steel (X2CrNiMo 17 13 2) 6.57
Ni 7.85
Cu 8 .16
Nb

_
10.62

Al 16 .16
A1203 19 .12
AlzMg3 19 .85

Table 1 : Accelerator structure materials and their geo-
metrical cross sections

At first we calculated the residual nuclei production per
source proton for the different materials and for different
energies using the so called thin-target-option of HETC . In
this case no geometry is used but every incoming proton
hits a target nucleus. The results of these calculations are
given in Table L . Then we performed HETC calculations

Target-Material incident
Proton
Energy

[MeV]

~

	

Residual
~

	

Nuclei
Production
per Source

Proton
Al 800 0.4459
Al 1350 0.4121
Al 3000 0.3587
AI~Mg3 800 0 .4674
AlzMg 3 1350 0 .4685
AI 2Mg 3 3000 0 .4554
A1 2 0 3 800 0 .4378
A1 2 03 1350 _ 0 .4370
A1 2 03 3000 0 .4223
Steel(X 2 CrNiMo 17 13 2) 800 0 .5670
Steel(X 2 CrNir'~lo 17 13 2) 1350 0 .5684
Steel(X 2 CrNiMo 17 13 2) 3000 0 .5589
Cu 800 0.5818
Cu 1350 0.5841
Cu 3000 0 .5430
Ni 800 0 .5748
Ni 1350 0 .5799
Ni 3000 0 .5664
Nb

	

] 800 0 .6258
Nb 1350 0 .6225
Nb 3000 0 .6152

Table 2 : Residual nuclei production per source neutron
for different proton energies (calculated by
HETC with thin-target-setup)

for different energies and wall thicknesses and compared
the amount of produced nuclei with the values got from the
calculations with thin-target-setup . The result is found in

Fig . 7, where ( is the effective wall thickness multiplied by

the macroscopic geometrical cross section lgeo of the target
material . These values are given in Table 1 . Next step was
the 'calculation of radioactivity with increasing time of
irradiation (see Fig . 8) . Last step was activity behavior
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after shut down of the beam after 1 year irradiation time
(see Fig . 9).

(lind Vdx O .hutdocm)

nuclide production rate for 800
MeV (see Table 1)

ratio of nuclide production rates
for thick/thin-target for abscissa

value

	

(see Fig. 7) with c =

d1 S,on, (from Table 1)

aest = ro V i;

where ro

V{	-

Fig. 7 : Ratio of nuclide production rates (thick/thin tar-

get) versus relative wall t-dckness

Fig . 8 . Induced activity per produced nucleus versus

irradiation time

Fi g . 9 : Activity decrease after shutdown for materials

irradiated 1 year

As result of the sensitivity study one finds that for nearly
all cases the maximum radioactivity is produced for the
lowest proton beam energy and long term irradiation . So

one can calculate for an effective thickness d the C value
and then estimate the radioactivity per proton/sec as

a, d

	

= activity value for 800 MeV and
long term irradiation (see Fig . 8)

ratio of activity after tsht,tdnu,T to
activity at t.t.hktda30Tl = 0 for 1 year
irradiation time (see Fig. 9)

As an example we estimate the activity per protonlsec for
copper wall with effective thickness 4 .08 cm and proton
beam energy 2200 MeV . The exact calculation using
HETC and ORII-IET gives for 3 months irradiation time at
10 hours after shutdown

acal . = 0 .078 Eqs/proton.

The estimated value is a,t S 0 .19 Bgslproton.

So it is shown that with this method for given beam losses
the activity can be calculated using our parameter set.
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Jeschonnek, S . ; Buballa, M . ; Krewald, S . ; Nakayama, K. ; Speth, J.
Struktur der Vektormesonen.
Verhandlungen der DPG(VI) 29, 1803 (1994), München,
21 .-25.3 .1994
20 .80 .0

1KP-208794
Jeschonnek, S.
Structure of vector masons.
Heisenberg-Landau-Workshop, Rostock
13.5 .1994
20.80 .0

IKP-208894
Jeschonnek, S.
Final state interaction effects in (e,e'N) and (e,e') reactions on 12 C.
Dip . di Fisica Nuci . e Teorica, Univ. Pavia, Italien
30.6.1994
20.80.0

IKP-206994
Kamerdzhiev, S.
Collective nuclear dynamics.
Invited talk at the 4th Intern . School on Nuclear Physics at Kiev,
Ukraine
4.9.1994
20 .80 .0

1KP-207094
Kamerdzhiev, S.
Giant resonances in nuclei : status of microscopic theory.
Seminar, Universitat Hannover
14 .11 .1994
20 .80 .0

IKP-207194
Kamerdzhiev, S.
Distribution of giant resonances' strength in stable and unstable
nuclei.
Seminar, TU München
22.11 .1994
20.80.0

IKP-207294
Kilian, K.
Physics at COSY
PSI Villigen, 25 .2 .1994
20 .50 .0

IKP-207394
Kilian, K.
IKP Current Activities, Cooperations, and Training Opportunities
Workshop on Cooperation IKP-AEA(Atomic Energy Agency, Cairo),
Cairo, 28.-30 .3 .1994
20.50.0

IKP-207494
Kilian, K.
COSY ; Facilities and Activities
Workshop on Cooperation [KP-AEA (Atomic Energy Agency, Cairo),
Cairo, 28 .-30 .3.1994
20 .50 .0

IKP-207594
Kilian, K.
Large Detectors at COSY
Int. Workshop Large Experiments at Low Energy Hadron Machines",
PSI \Alligen, 12.-15 .4 .1994
20.50 .0

IKP-207694
Kilian, K.
Overview of the COSY Prooram
CE/LNS Session, Seeley, France, 14,6 .1994
20 .50 .0

IKP-207794
Kilian, K.

Polarization Effects in lip -+ AA

SPIN' 94, Bloomington, USA, 19 .9 .1994
20.50 .0

IKP-207894
Kilian, K.
Physics at COSY
Kolloqiumsvortrag, Indiana University, Phys . Dept ., USA, 21 .9 .1994
20.50.0

IKP-207994
Kilian, K.
Das physikalische Programm an COSY
Arbeitstreffen Kern- und Teilchenphysik 1994, Pirna b . Dresden, 4.-
7 .10 .1994
20 .50 .0

IKP-208094
Kilian, K.
Managerial Aspects Related to the Scientific Utilization of a Large
Instrument through outside Users
German-West Sumatera Seminar on R&D Management and ist Role
for Industrial Development, Bukittinggi, West Sumatera, Indonesia ;
29.11 .-1 .12 .1994
20.50.0

IKP-208194
Kilian, K.
Selektive Fusion in der Endzustandswechseiwirkung
CANU-Arbeitstreffen, Bad Honnef, 10,-20 .12 .1994
20 .50 .0

1KP-208294
Kilian, K. ; Oelert, W . ; Sefzick, T . ; Turek, P . ; Waters, M.
for the PROMICE-Collaboration at CELSIUS, Uppsala
Meson Production in pd and pp Scattering
Verhandlungen der DPG (VI) 29, 1811 (1994), München, 21 .-
25 .3.1994
20 .50 .0

IKP-208394
Kilian, K ; Oelert, W . ; Steinkamp, O . ; Röhrich, K . ; Rook, M.
for the JETSET Kollaboration at LEARICERN
Antiproton-Proton Interaction to Four Prong Signals
Verhandlungen der DPG (VI) 29, 1948 (1994),
München, 21 .-25 .3 .1994
20.50.0

IKP-208494
Kleinheinz, P.
Kn-beam Conversion Electron measurements
Vortrag im IN2P3 Committee, Orsay
Juni 1994
20 .10.0

IKP-208594
Kleinheinz, P.
Com plete Shell Model Yrast Lines in N=84 Nuclei Identified in In-beam
Experiments
ILL Grenoble, Kernstruktur Col leg II
September 1994
20.10 .0
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IKP-208694
Kleinheinz, P.
Shell Model Yrast Lines and Seniority Inversion observed in N=84
Nuclei
Int . Conf. on New Nuclear Structure Phenomena in the Vicinity of
Closed Shells, Stockholm
30 .8.-3 .9 .1994
20.10.0

IKP-208794
Krewald, S.
Die Struktur der Vektormesonen.
Seminar Universität Giessen
6 .1 .1994
20.80 .0

IKP-208894
Lange, H .-J . ; Filges, D . ; Harpers, U . ; Michel, R . ; Schieel, T .:
Ober die Produktion von Restkernen in

	

He-Induzierten
Kernreaktionen bei 2 .4 GeV an T argetelementen von C bis Ba
Verhandlungen der DPG (VI) 29, 1867 (1994), Munchen, 21 .-
25 .3.1994
20 .48 .0

IKP-208994
Lieder, R .M.
Warum wurde die superdeformierte Bande in 144 Gd erst jetzt
entdeckt?
Vortrag im Kollogium Ober neuere Arbeiten zur Kernphysik, Max-
Planck-Institut far Kernphysik, Heidelberg, 4 .5.1994
20 .10 .0

IKP-2e
Lieder, R .M.
Proton Band Crossing in the Superdeformed Nucleus 74 Gd
Invited talk, XXIX Zakopane School of Physics, Trends in Nuclear
Physics, Zakopane, Peden, 7 .9 .1994
20.10.0

IKP-209194
Lieder, R .M.
Design of MINIBALL Utilizing Encapsulated Hexagonal Ge Detectors
Talk at the EUROBALL Users Meeting, Straßburg, 19.9 .1994
20 .10 .0

IKP-209294
Machner, H.
First Pion Production at COSY
Int . Cont . on Physics with GeV-Particle Beams, KFA Jülich, 22 .-
25 .8.1994
20.45.0

IKP-209394
Machner, H.
Vorexperimente zur Untersuchung pionischer Atome
CANU-Arbeitstreffen, Bad Honnef, 19 .-20 .12.1994
20 .4..5 .0

IKP-209494
Machner, H . ; Zolnierczuk, P.A .; Jarczyk, L . ; Strzalkowski, A .,
Drochner, M.
Data Analysis Software for GEM Experiments at COSY
Verhandlungen der DPG (VI) 29, 1961 (199 .4), Munchen, 21 .-
25.3.1994
20.45.0

I KP-2095S4
Maier, R .:
Kühlersynchrotron COSY
Verhandlungen DPG (VI) 29, 1868 (1994), Munchen
21 .-25 .03.1994
20.30 .0

IKP-209694
Maier, R .:
COSY im Betrieb
GANU Arbeifstreffen, Bad Honnef, 19 .-20 .12.1994
20.30.0

IKP-209794
Michel, R . ; Lange, H .-J . ; Leya, I . ; Lüpke, M . ; Herpers, U . ; Meltzow, B.;
Rösel, R . ; Filges, D . ; Cloth, P. ; Dragovitsch, P .:
Measurement and Modelling of Radionuclide Production in Thick
Spherical Targets Irradiated Isotropically with 1600 MeV Protons
int. Conf. on Nucl . Data for Science and Technology, Gatlinburg,
Tennessee, USA, May 9-13, 1994
20.48 .0

IKP-209894
Morsch, H .P.
Roper-Resonance Excitation in Alpha-Scattering
Inv. talk given at the Photonnuc!ear Gordon Conference, Tilton, New
Hampshire, 1 .-5 .8 .1994
20 .45 .0

IKP-209994
Oelert, W.
The COSY-Facility and a Review of the Experimental Program
2nd !nt . Symp . on Nuclear Physics at Storage Rings, St. Petersburg,
Russia, 16 .-21 .5 .1994
20.50.0

IKP-21 0094
Oelert, W.
Threshold Production of Mesonic States at COS Y-JUl1ch
2nd Int. Symp. on Nuclear Physics at Storage Rings, St . Petersburg,
Russia, 16 .-21 .5 .1994
20 .50 .0

IKP-210194
Oelert, W.
together with the 0` Facility co ll aboration
Plans for Investigations of Subthreshold K° Production in p ' A
Collisions
5th Int . Conf. on Nucleus-Nucleus Collisions, Taormina, 30 .5 .-
4 .6 .1994
20.50 .0

IKP-210294
Oelert, W.
together with the PSI 85 Collaboration at LEARICERN
New Results from the PS1855 Experiment at LEAR
Price . of the Intersections '94 Conference, St. Petersburg, Florida,
30 .5 .-4 .6 .1994

1KP-210394
Oelert, W.
together with the 0° Facility Collaboration
Experiments at COSY
Prop . of the 7th Conference on Nuclear Reaction Mechanisms, Villa
Monastera, Varenna, 6 .-11 .6 .1994
20.50 .0

1KP-210494
Oelen, W .Observables in Antihyperon-Proton arid Proton-Hadron
Experiments
Five Lectures at the HSSC '94 Conference, Maryland, 8 .-12 .8.1994
20.50 .0

I KP-210594
Oelert, W.
Search for Antihydrogen at LEAR
LEAP '94, Bled, Slovenia, 12 .-17.9.1994
20 .50.0

1KP-210694
Oelert, W.
together with the P5202 collaboration at LEARICERN
Exclusive

	

Production In pp Annihilations at PS202

LEAP '94, Bled, Slovenia, 12 .-17 .9 .1994
20.50 .0

iKP-2i 0794
Ohm, H.
Physiker in staatlichen Großforschungseinrichtungen
DPG-Seminar „Der Physiker im Beruf', Bad Honnef
29 .4 .-1 .5 .1994
20 .45 .0



IKP-210894
Ohm, H.
Physiker in staatlichen Großforschungseinrichtungen
DPG-Seminar .Der Physiker im Beruf", Bad Honnef
25 .-27 .11 .1994
20 .45.0

IKP-210994
Probst, H .J .:
Strahtensch ; lzbereiche
Strahlenschutzlehrgang für Naturwissenschaftler
11 .04 .-16.04.1994 und 10.10.-15 .10.1994,
FH Aachen, Jülich
20.20 .0

I KP-211094
Probst, H .J .:
Strahlenschutzsicherheit
Strahlenschutzlehrgang für Naturwissenschaftler
11 .04.-16 .04 .1994 und 10 .10 .-15.10 .1994,
FH Aachen, Jülich
20.20.0

IKP-211194
Probst, H .J .:
Strahlenschutzbereiche
Strahlenschutztehrgang für Diplomingenieure
18 .04 .-23 .04 .1994 und 24.10.-29 .10 .1994,
FH Aachen, Jülich
20 .20 .0

IKP-211294
Probst, H .J .:
Strahlenschutzsicherheit
Strahlenschutzlehrgang für Diplomingenieure
18 .04.-23 .04 .1994 und 24 .10 .-29 .10 .1994,
FH Aachen, Jülich
20 .20 .0

I KP-211394
Rapp, R.
Pions in a hot aNA gas.

Intern . Workshop on Mesons and Baryons in Hadronic Matter, Trento,
Italien
14.-25 .2 .1994
20.80.0

IKP-211494
Rapp, R.
In-medium as scattering.
Invited talk, Untversttet Rostock
14 .-18 .3.1994
20 .80 .0

IKP-211594
Rapp, R.
aa-correlations in odd nuclear matter,
7th Annual Midwest Meeting, Argonne, Illinois, USA
14 .-15 .10 .1994
20.80.0

IKP-211694
Rapp, R.
S-wave ma-correlations in cold nuclear matter,
APS-DNP Fall Meeting, Williamsburg, Virg ., USA
26 .-29.10 .94
20 .80 .0

IKP-201794
Roderburg, E . for the COSY-TOF Collaboration
The TOF-Facility at COSY
Proc . of the Int . Conf. on Physics with GeV-Particle Berns
KFA-Tagung, 22 .-25. August 1994
20 .50.0

IKP-211894
Schaal, H .:
Procedures and Data for Calculations to Determine Shield Thickness
and Radioactivity of Spallation Target Stations and Accelerators
Project "European Spallation Source (ESS)"
Second meeting of the sub-projekt TARGET,
VilligentCH, 617 . Juni 1994
20.48 .0

IKP-2119894
Schnase, A .:
Schaltungen mit numerisch kontrollierten Oszillatoren (NCO)
Seminar "Schnelle MischschaitungenlHigh-Speed Mixed Circuit
Design", FH Darmstadt, 12 .12 .94
20 .38 .0

IKP-212094
Schnase, A .:
Ultralan g same Extraktion an COSY
CANU-Arbeitstreffen, Bad Honnef
19 .-20.12 .1994
20 .38 .0

I KP-212194
Schneider, Chr.
Anforderungen an die Detektoren zur Spurrekonstruktion an der 0°-
Facility von COSY
Verhandlungen DPG (VI) 29, 1818 (1994), München
21 .-25 .3 .1994
20.45.0

IKP-212294
Schütz, C.
A meson-exchange model of pion-nucleon interaction.
Invited talk, MIT-Workshop on Chiral Dynamics, Cambridge, MA,
USA, 25.-29 .7 .1994
20 .80 .0

IKP-212394
Schütz, C.
Correlated two-pion exchange in pion-nucteon interaction.
MIT-Workshop on Chi al Dynamics, Cambridge, MA, USA
25 .-29 .7 .1994
20.80.0

I KP-212494
Schult, O .W .B.
Physik an COSY
Kolloquium Universität Tübingen
28 .1 .1994
20 .45 .0

IKP-212594
Schult, O.W.B.
Experiments at COSY
Proc, of the 7th Conference on Nuclear Reaction Mechanisms, Villa
Monastera, Varenna, 6 .-11 .6.1994
20.45.0

IKP-212694
Schutt, O.W .B.
Study of the Production of Heavy A-Hypernuclei in the (p,K) Reaction
Int . Cont . on Hypernuclear and Strange Particle Physics, Vancouver,
04.-08 .07 .1994
20 .45.0

IKP-212794
Schumacher, C . ; Stitch, O .; Rana-Urban, T . ; von Brentano, P .;
Dewald, A . ; Georgiev, A . ; Lieder, R .M . ; Linden, F .; Lisle, J .;
Theuerkauf, J . ; Urban, W ; Utzelmann, S.; Weißhaar, D.
Study of Superdeformation in "&Gd
Verhandlungen der DPG (VI) 29, 1903 (1994), München, 21 .-
25.3.1994
20.10 .0

MKP-212994
Sefzick, T.
for Baur, G .; Bröders, R . ; Chanel, M . ; Dahmer, M . ; Grzonka, D .;
Kilian, K. : Lefevre, P . ; Möhl, D . ; Molindri, G . ; Oelent, W . ; Röhrich, K .;
Rook, M. ; Sachs, K . ; Steinkamp, 0.
Search for Antihydrogen at LEAR
Int . Conf. on Physics with GeV-Particle Beams, KFA Jüfch, 22 .-
25 .8.1994
20.50.0, 20 .80 .0

I KP-212994
Sefzick, T.
Schwache Produktion von A-Teilchen an C05Y
CANU-Arbeitstreffen, Bad Honnef, 19 .-20 .12 .1994
20 .50.0

- 31 2 -



IKP-213094
Sistemich, K.
Physics at the 0° Facility for Internal Targets at COSY-Jülich
Seminarvortrag am Institute for Nucl . Studies, Univ. of Tokyo, Japan
7.3 .1994
20.45.0

IKP-213194
Sistemich, K
Physics at COSY-Jülich, in particular Studies with Internal Targets
Kolloquium am Research Center of Nuclear Physics, Osaka
University, Osaka, Japan
15 .3 .1994
20 .45 .0

IKP-213294
Sistemich, K-
Level-Lifetimes-Keys to the Understanding of the A-100 Region
Seminar am Research Reactor Institute, Kyoto University, Kumatori,
Japan
16 .3 .1994
20 .45.0

IKP-213394
Sistemich, K.
Study of Level Lifetimes in the ps Region of Neutron-Rich Nuclei and
Medium-Energy Research at COSY-Jülich
Seminar on Faculty of Engineering, Nagoya University, Nagoya, Japan
18 .3.1994
20 .45.0

IKP-213494
Sistemich, K.
Structure of A=100 Nuclei and Subthreshold K`-Production at COSY
Jülich
Seminar am Tokyo Institute of Technology, Tokyo, Japan
23 .3 .1994
20 .45 .0

IKP-213594
Sistemich, K.
Physics at COSY-Jülich, in particular Studies with Internal Targets
Seminarvortrag am Nat . Lab . for High Energy Physics, KEK, Tsukuba,
Japan
25.3,1994
20.45.0

IKP-213694
5peth, J.
The hyperon-nucleon interaction and the structure of hypemuciei.
invited talk at the 5th Conf. on the Intersections of Particle and Nuclear
Physics, St. Petersburg, Florida, USA
31 .5 .-6.6.1994
20 .80 .0

IKP-213794
Speth, J.
Strangeness production from the pp-system in the meson-exchange

framework.
Invited talk at the 5th Conf. on the Intersections of Particle and Nuclear
Physics, St . Petersburg, Florida, USA
31 .5.-6 .6 .1994
20 .80 .0

IKP-213894
Speth, J.
Deep inelastic scattering and meson-exchange.
Seminar at LAMPF, Los Alamos, USA
8 .6 .1994
20 .80 .0

IKP-213994
Speth, J.
Deep inelastic scattering and meson-exchange.
Seminar at SLAG, Stanford, USA
10.6 .1994
20.80 .0

IKP-214094
Speth, J.
Theorie subnuklearer Strukturen.
Invited talk at the Studientage Bad Honnef (Graduiertenko€leg Bonn)
22.-24 .6 .1994
20.80.0

IKP-214194
Speth, J.
Zurück in die Zukunft - Mesonen in der Kern- und Teilchenphysik.
Physikal . Kolloquium, GSI Darmstadt
1 .11 .1994
20 .80 .0

IKP-214294
Sixth, J.
Zurück in die Zukunft - Mesonen in der Kern- und Teilchenphysik
Kolloquium, Universität Rostock
3 .11 .1994
20 .80.0

1KP-214394
Turek, P . für die TOF-Collaboration
Das Flugzeitspsktrometer COSY-TOF
Verhandlungen der DPG (VI) 29, 1794 (1994), München, 21 .-
25.3 .i 99$
20.45.0

IKP-214434
Utzelmann, S . für die OSIRIS-Kollaboration
Study of the High-Spin Structure of "4 Gd
Verhandlungen der DPG (VI) 29, 1905 (1994), München, 21 .-
25.3 .1994
20.10 .0

IKP-214594
Utzelmann, S.
Das Glück der Warfel - Hochspinspektroskopie am EUROBALL III
Workshop Zukunftsperspektiven der Kemspektroskop ie, Ludwig-
Maximilians Universität München, 16.-17.6 .1994
20 .10 .0

IKP-214694
Utzelmann, S . ; Hoernes, P . ; Lieder, R .M . ; Jäger, H . ; Kämmerling, H,;
Jansen, P. und die German EUROBALL Koliaboration
A Step forward towards EUROBALL I€I : Design and Test of the BGO
Escape-Suppression Shield of the Cluster Detector
Verhandlungen der DPG (VI) 29, 1843 (1994), München, 21 .-
25.3.1994
20.10.0

€KP-214794
Waindzoch, Th.
Chiral effective field theories and pion droplets.
Intern . Workshop on. Baryons and Mesons in Hadronic Matter, Trento,
Italien
22 .2 .1994
20 .80 .0

IKP-214894
Waindzoch, Th.
Stabilität des B=2 Skyrmions auf einem Raum-Zeit Gitter.
Verhandlungen DPG (VI) 29, 1907 (1994), München
21 .-25 .3 .1994
20 .80 .0

IKP-214994
Waindzoch, Th.
Unstable modes of the B=2 hedgehog in the Skyrme model.
Midst :et-Meeting, Argonne National Lab ., Illinois, USA
15 .10 .1994
20 .80 .0

1KP-215094
Waindzoch, Th.
Soliian dynamics in the Skyrme model.
APS-Meeting, Division of Nuclear Physics, Williamsburg, VA, USA
29.10.1994
20.80.0



€KP-215194
Wambach, J.
Hot hadronic gases.
flntern. Workshop on Baryons and Mesons in Hadronic Matter, Trento,
Italy, 16 .2 .1994
20 .80 .0

IKP-215294
Wambach, J.
From skyrmions to the nucleon-nucleon potential.
int. Conf. on Nuclear Physics in the Late 1990's,
Hanoi, Vietnam, 7 .3 .1994
20.80.0

I KP-215394
Wambach, J.
Recent developments in the theory of nuclear giant resonances.
Kolloquium, TU Dresden, 11 .4,1994
20.80.0

1KP-215494
Wambach, J.
The inner crust of a neutron star.
Seminar, TH Darmstadt, 15.7.1994
20 .80 .0

IKP-215594
Warnbach, J.
Aspects of quantum chaos in nuclear giant resonances.
Seminar, GSI Darmstadt, 10 .8 .1994
20.80 .0

1KP-215694
Wambach, J.
Chiral symmetry restauration from a thermal meson gas.
Annual Midwest Nuclear Theory Meeting, Argonne, USA,
14 .10 .1994
20 .80 .0

IKP-215794
Watztawik, K .H . et al .:
Workstation Software for Experiment Control and Data Analysis at
COSY Experiments
GEM Collaboration Meeting, Crakow/Zakopane, Poland, September
11, 1994
20.45 .0

XI . PATENTS

IKP-300194
Gast, W., Lieder, R ., Georgiev, A.
Ablast-Analog-zu-Digital-Umsetzer mit Grob-Feinbereichs-Architektur
(,subranging` Prinzip) und interpolierender Residuums-Kodierung
EPA: 94.107 4088 .0

	

(13 .5 .94)

	

(DE,FR,GB,IT)
US :

	

081240,985

	

(11 .5 .94)
JP :

	

Hei-6-103009

	

(17 .5 .94)
PT 1 .1159
20 .10 .0

IKP-300294
Jager, H., Lieder,R ., Kämmerling,H ., Renftle, W., Berst, M ., Eberth, J.
Verfahren zum Herstellen eines gekapselten Detektors
PCT : DE 94/00846

	

(19 .7.94)

	

(EP,US)
PT 1 .1148
20 .10 .0

IKP-300394
Jager, H ., Lieder, R ., Kammer)ing,H ., Renftle, W ., Berst,M ., Eberth, J.
Kapsel für einen im Uttrahochvakuum arbeitenden Detektor
PCT: DE 94/00844

	

(19.7 .94)

	

(EP,US)
PT 1 .1149
20.10.0

I KP-300494
Meuth, M ., Heinrichs, G ., Schnase, A„ Stockhorst, H.
Schmalbandiger arbiträrer HF-Modulations- und Rauschgenerator
PT 1 .1185
20 .10 .0

IKP-300594
Gast, W ., Georgiev, A ., Buchner, A ., Stein, J.
Schaltungsanordnung

	

fur

	

die

	

digitale

	

Verarbeitung

	

von
Halbleiterdetektorsignalen
PCT : DE 94/01479

	

(13 .12 .94)

	

(EP,US,JP,HK,KR)
PT 1 .1105
20 .10 .0

XII . INTERNAL REPORTS

€KP-500194
Jaeckle, V. ; Kilian, K. ; Machner, H . ; Nake, Ch . ; Oelert, W . ; Turek, P.
A Liquid Hydrogen/Deuterium Target with Very Thin Windows
KFA-]KP(I)-1994-1
20 .45 .0, 20 .50 .0

IKP-500294
Maier, R . ; Bechstedt, U . ; Dietrich, J . ; Martin, S. ; Prasuhn, D . ; v.
Rossen, P. ; Stockhorst, H . ; TOlle, R .; Schwab, W . ; Stein, H .J . ; Witt,
J . ; Ausset, P. ; Charruau, G . ; DeMenezes, D, ; Etzkorn, F .J. ; Meuth, H .;
Papureanu . S . ; Sehnase, A . ; Bejowa€d, J . ; Bongardt, K. ; Labus, H .;
Lewin, H .; Brittner, P . ; Hacker, U . ; Schug, G . ; Singer, H . ; Spieß, W .;
Stassen, R. ; Heinrichs, G . ; Kühn, M . ; Wei, J .:
Status of the Cooler Synchrotron COSY Jülich,
Konferenzbeiträge zur EPAC 1994, KFA-Jülich, J01-Bericht Nr . 2965,
Oktober 1994
20 .30 .0, 20 .38.0

IKP-500394
Deftiger, U.:
Measuremente of beam properties and beam environment in LEAR
and COSY using RF excitation methods
Dissertation
KFA-Jülich, Jul-Bericht Nr. 2977
20.38.0

IKP-500494
Oltmanns, P.
Delta-Anregungen in Kernen und deren Zerfelle.
JÜL-Bericht Nr . 2989, KFA Jülich
20 .80.0

IKP-500594
Roehrich, K.
A Background free Search for Dibaryons
KFA-tKP(I)-1994-2
20.50 .0

1KP-500694
Rook, M.
Strangeness-Erzeugung in der pp und pp -Streuung

JIJL-Bericht Nr. 2922, KFA Jülich
20 .50 .0

IKP-500794
Schnase, A .:
Strahiteilchenphasenmessung

	

und

	

Regelung

	

beim
Protonenbeschleuniger COSY
Dissertation
KFA-Jü€ich, Jul-Bericht Nr. 2878, Mai 1994
20.38.0

IKP-500894
Schnitzler, G.:
Tracking L0-Synthesizer
Diplomarbeit, Fachhochschule Köln,
Fachrichtung Nachrichtentechnik, Okt. 1994
20 .30 .0.

IKP-500994
Stratmann, R.
Entwicklung einer influenzdriftkammer für Experimente an COSY und
Untersuchung von Hochrateneffekten nach einem neuartigen
Verfahren
JÜL-Bericht Nr. 2901, KFA Jülich
20.50.0



IKP-501094
Todenhagen, R.
for the PS185-Collaboration at LEARICERN
Untersuchung der Strangeness-Produktion im Experiment PS185 am
LEAR
Verhandlungen der DPG (VI) 29, 1957 (1994), Munchen, 21 .-
25 .3.1994

IKP-501194
Waters, M.
The Reaction pd-> 3 Hevt at 200 MeV Excess Energy
JÜL-Bericht Nr. 2917, KFA Jülich
20.45.0

IKP-501294
Körfgen, B.
Pion- und photoninduzierte Reaktionen an Kernen im
Resonanzbereich,
JÜL-Bericht Nr . 2991 A , KFA Jülich
20 .80 .0

XfBI . INTERNAL. TALKS

IKP-600194
Brummund, N . ; Watzlawik, K .H .:
Online Data Analysis
Zero-Degree Facility Collaboration Meeting, IKP, Jülich, November 25,
1994
20 .45 .0

IKP-600294
Maier, R .:
Beschleunigeranlage COSY und seine Experimente ; Strahlenschutz
am COSY
Informationskolloquium für SSB
Jülich, 22 .09 .1994
20 .30 .0

IKP-600394
Probst, H .J .:
Stahienschutz am COSY
Strahlenschutzkotloquium der KFA
Jülich, 22.09.1994
20.20.0

IKP-600494
Schnase, A .:
Wirkungsweise und Ansteuerung einer mit VITROVAC-Material
gefällten KevitSt für die gleichzeitige Ansteuerung mit einer
fundamentalen Frequenz und höheren Harmonischen
IKP-Seminar, Jülich, 30.11 .1994
20 .38 .0

IKP-600594
Schälke, A . ; Michel, P. ; Möller, K . ; Schamlott, A . und COSY-TOF-
Koliaboration:
Methodische Untersuchungen zur zweiseiti g en Auslese langer
Szintiltatorstreifen im Stopdetektor des COSY-TOF-Spektrometer
Verhandlungen der DPG (VI) 29, 1794 (1994), Munchen, 21 .-
25 .3 .1994
20 .48 .0

IKP-600694
Stockhorst, H .:
Trackingsimulation mit dem langitudinalen Code TIBETANC für höher
harmonische Beschleunigungsspannungen
IKP-Seminar, Jülich, 26 .10 .1994
20 .38 .0

IKP-600794
Watziawik, K .N .:
Experiment Control Software
COSY11 Collaboration Meeting, IKP, Jülich, September 22, 1994
20.45.0

IKP-600894
Wevelsiep, M .:
Untersuchungen zu einer digital realisierten Abstimmung eines
ferritgefüllten Resonators bei COSY
IKP-Seminar, Jülich, 28.09.1994
20 .38 .0
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