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Preface

This is the first annual report of the Institute of Nuclear and Hadronic
Physics (IKH) which was founded within the Research Center Rossendorf
Inc. at the beginning of 1992. The report summarizes the research activi-
ties, the results and the progress achieved in the first year.

The major goal of the IKH is fundamental research directed to the study
of properties of the atomic nucleus and its constituents as well as of the
behaviour of the nucleonic system in high energetic nucleus-nucleus colli-
sions. The present scientific profile as described earlier in more detail in
the previous annual report (FZR 92-9) is dominantly determined by the
participation in several national or international research projects. There-
fore, the cooporation with colleages from outside is of vital importance for
the scientific work in our institute.

With this respect we gratefully acknowledge the close and fruitful collab-
oration with our partners in Germany and abroad as well as the financial
support of several groups in the IKH provided by the Ministry for Research
and Technology (BMFT), the German Research Community (DFG), the
GSI Darmstadt and the KFA Jilich. (The support of these institutions
is indicated by using the letters “B”,“D”,“G”, “K”, respectively, after the
title of the corresponding contributions.)

Fortunately, during the last year the connection between the Institute of
Nuclear and Hadronic Physics and the Department of Physics at the Tech-
nical University Dresden (TUD) has become deeper, especially by the vo-
cation of Prof. Hartmut Backe (presently at University Mainz) as director
of the IKH and professor at the Department of Physics of the TUD, but
also by enlarged participation of our scientists in teaching at the Technical
University.
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l. Summary



SUMMARY
of the research activities

Theory

Theory of nuclear and subnuclear degrees of freedom

The analysis of recent and future heavy-ion reactions demands an extensive elaboration of
methods for describing non-equilibrium processes. This has been done by applying transport -
models to evaluate the correlation of intermediate mass fragments measured at GSI. The
data were analysed in cooperation with expemmental groups in order to extract information
on the space-time structure of the hot source undergoing the multifragmentation process.
The parton equilibration was studied to predict the rate of dilepton production from CERN
energies up to RHIC and LHC energies. The investigation of the behaviour of mesons in hot
and dense nuclear matter was started aiming to calculate the dielectron yield in elementary
hadronic reactions. ‘

A variational method for determining the average meson ﬁelds of the Nambu & J ona—Lasmlo
model was introduced which allows for removal of the center-of-mass motion and projection

of the correct spin and isospin. The study of hypernuclei was extended to nuclei with excited
cascade particles.

High-spin phenomena : ‘ ‘
In preparing new theoretical tools for the investi gatlon of nuclear phenomena at high spin by
means of the EUROBALL detector system a computer code realizing the “Tilded Cranking
Theory” for realistic cases has been developed and it is ready for common application.
Experimental spectra and transition rates were successfully analyzed by means of such a
model. In cooperation with the LBL Berkeley the disappearence of the pairing correlation
induced by the nuclear rotation and its consequences to excitation spectra and two-nucleon
transfer-reactions were studied. '

Adapting methods from nuclear structure theory the shapes of Na metal clusters in the
mass range A =10.. 300 were calculated in cooperation with the JINR Dubna.

Dynamzcs of open quantum systems

The selforganization of an open quantum mechanical syst;ern was studled on the basis of
a realistic nuclear model. As a critical measure the information entropy was calculated
as a function of the coupling to the environment. The spectroscopic redistribution taking
place in the atomic nucleus at the transition from low to high level density was investigated
by means of a simple S-matrix model. A lnerachlcal trapping effect and instability points
similar to bifurcation points were observed. In cooperation with the Weizmann Ins‘tli;ute
semiclassical studies of periodicaily driven open quantum systems were performed. -

Dynamics of nuclear fluctuations ‘

A non-perturbative and consistent treatment of short~ and lo,ug—range correlations was
achieved for large-amplitude density fluctuations and the dampmg of giant resonances which
includes ground state correlation and memory effects. The application to nuclear matter
has clarified the relation to Landau’s kinetic equations for Fermi-liquids.



Experimental Medium Energy Physics

COSY-TOF-Group

The Rossendorf COSY-TOF-Group participates in designing and constructing the the Time-

of -Flight Spectrometer TOF, which after completion shall be one of the basic experimental

facilities at the external beam of the COSY cooler ring. In 1992 the main effort of the group

was directed to the final setup and various test runs of the TOF-Start- Detector System

needed for the ppy experiment (COSY proposal #9) which will be the first one scheduled
after commissioning of the COSY machine in April 93. The activities in 1992 included:

» completlon of the start detector vessel, design and constructlon of the start detector
part of the TOF laser test system

@ test of start detector modules with 3.5 GeV/c pions at CERN
» mounting and adjusting of the hollow light guides in the start detector vessel

o test of the performa,n’ce of the detector and of its data acquisition system by irradiation
with a 8 source.

Most of this work were done in the newly built detector laboratory of our institute. The me-
thodical developments were continuously assisted and optimised by simulation calculations
using an appropriate adaption of the CERN GEANT code. These computer simulations
included the investigation of the performance of the start detector as well as the TOF spec-
trometer as a whole.

0° Facility group

For experiments in which the internal beam of COSY at Jilich will be used the so-called
0° Facility is under construction. Ejectiles from hadronic or nuclear reactions can be sepa-
rated from the circulating COSY beam by means of three dipole magnets and their angular
and momentum distribution will be analysed. Within the international user collaboration
gathered for this facility at COSY the FZR project group participates in the preparation
of the physical program, takes responsibility for the 1mplementatlon of the da.ta acquisition
system and builts up specific detector components:

This group participated in the elaboration of two proposals accepted by the PAC at COSY.
In the planning of the experiment “Subthreshold Production of K~ Mesons” the FZR is
responsible for a “Letter of Intend”. Calculations were carried out in order to predict the
cross sections and to optimize the detector arrangement.

The data acquisition system of the 0° Facility is expected to provxde the future ‘'standard

structure for the data acquisition of all planned COSY experxmen’r,s The current activities
in this direction include:

¢ implementation of the basic configuration.

» developments of software for common application and global data strﬁctuj:es, devel-
opment and testing of Fastbus modules developments of the loggmg and reporting
system.

Further, for the pracﬁcai installation of the scintilation detector a large number of photo-
multipliers were tested and the voltage divider unit was optimized. In close cooperation of
the detector laboratories in the FZR and the GSI the construction of a wire chamber was
started in Decemnber 1992 which will be preceding prototype of larger chambers needed later
on.



Experimental Nuclear Structure Physics

The spectroscopy group participates in the international EUROBALL cooperation which is
realizing the various phases (I-1II) of this gamma-ray spectrometer of unprecedented quality.
Phase III will incorporate second generation composite detectors like the CLUSTER detec-
tors which are expected to fill one the backward quadrant of the 4 EUROBALL 'array. Each
CLUSTER consists of seven encapsulated Ge detectors in a common cryostat. They are
surrounded by a common BGO escape-suppression shield formed by 18 BGO scintillators.
The German groups of the EUROBALL collaboration will provide 6 of the 15 CLUSTER
detectors for EUROBALL IIIL. Two of them will be completed under the responsibility of the
FZR group. Accordingly, the preparation for the installation of the CLUSTER detectors
was the central subject of the methodical work done within this group which included the
setup of the data acquisition system as well as the construction of mechanical mounting.
In parallel, a number of experiments were performed within the OSIRIS collaboration con-
“cerning investigations of high-spin states in nuclides of the mass-80 region and in light tin
isotopes. These studies aimed to learn about the following issues -

o Break-up of the N=50 and Z= 50, “correspondingly, “inert” configurations in semi-
magic nuclei. o ' '

o Search for oblate deformation
® The role of proton-neutron interaction

o New high-spin isomers and their decay properties

Heavy Ion Physics

HI reactions in the energy range 10 to 100 MeV/u _‘ ,
The completion of the 4w fragment spectrometer FOBOS at the U400M in the JINR Dubna

has been continued. In 1992 the main progress achieved in building up the FOBOS spec-
trometer is the following:

. Mechanical completion of nearly all of the 30 double—grid avalénge counters {DGAC)
- all 30 Bra,gg lonisation chambers. kSeveral- DGAC’s went into operation.

® Mounting and test of the complex evacuamon dnd gas supply including of the corre-
sponding automatic handlmg '

‘¢ Completion of the data acquxsxt;on system The test at VICKSI (HMI) demonstrated
the capability of accumulating up to 1.200 multi- parameter events/sec.

o Installation and test of a data analysis software packacre.

o Combination of the FOBOS gas detector module with the ARGUS spectmmeter (HMI)
for the experiment 2§ (960 MeV)+Au at VICKSL

Several experiments were performed with the FOBOS detector test stand “mini-FOBOS” at

“the U400 accelerator in Dubna to measure the identification properties and dynamic ranges
of the FOBOS modules, to analyse fission fragments after complete and ancomplei;e fusion
and to obtain cross-sections for subbarrier fusxon and fission.



HI reactions in the energy range 0.1 to 1 GeV/u ;
The activities of the group were determined by the cooperation with the FOPI and th
ALADIN collaboration at the GSI Darmstadt. The principal goal of the FOPI collaboration
is the investigation of central and semi-central collisions of very heavy systems (Au+Au).
The spectrometer ALADIN serves mainly for studies of intermediate mass fragment (IMF)
formation in collisions of very heavy projectiles on light target nuclei. Both detector systems
have been used in combination with other detection facilities (LAND, TAPS).

The work in 1992 can be summariyed as follows:

o Contributions for realising the phase II of the FOPI spectrometer.
¢ Contributions for improving the ALADIN spectrometer.

e participation on measurements at the 5IS accelerator.

e evaluation of previously measured Au-+Au reaction data.

Some results are listed below:

The two endflanges and the combs for the read-out wires of the large drift chamber HE-
LITRON have been produced and delivered to GSI. A new start- and antihalo detector
system for FOPI which has been produced, tested and installed in cooperation with KP I of
the GSI. This setup operated successfully during the Au+Au experiments at 1 AGeV and
0.4 AGeV in Dec. 92.

The evaluation of the previous Au+Au data at 0.1, 0.15 and 0.25 AGeV has been continued
aiming to establish velocity correlations between IMF’s. The new quality of event charac-
terization allowed us to perform a more rigorous comparison with model calculations.

The TP-MUSIC III chamber at ALADIN was supplemented by us with 18 multiwire pro-
portional counters. In this combination the charge detection threshold could be reduced up
to minimum charge of Z=3. ;

Experimental Technique

Detector laboratory ‘
The detector laboratory the built up of which finished in autumn 1992 provides all exper-
imental groups in the IKH an appropriate technical basis. This laboratory ha.ving an area
of altogether 320 m? is especially equipped for the preparation of large gasfilled multi-wire
chambers. For that purpose a new wire winding machine was built in Rossendorf, which
allows us to manufacture wire electrodes up to a maximum size of 2x3 m?. . '
During 1992 the following tasks were realized in the detector lab- 7

» preparation of the two endfianges of the HELITRON d’eteét‘of

» Assembling and iest of the TOF-Start-detector system for C,QSY

» Building up of a set-up for testing avalanche counters of the FOBOS spectrometer
o Development of 2 position sensitive BGO detector for in-beam PET experiments

& Construction and test of a 4-axis robot system to

ppropriate for in-beam im simulate a cylindrical PET camera
appropriate for in-beam experiments ,  camer

“The latter tasks concerns the activities of the PET group within the detectof lab Iﬁ_beam
PET experiments at the GSI Darmstadt using the Rossendorf HIDAC positron camers a8

&



well as BGO detectors have demonstrated that tomograms of implanted distributions of
positron emitting ions can be obtained and that the PET imaging of f*-active secondary
nuclear fragments may provide a tool for on-line therapy control.

Computer network ,

Concerning the computational facilities further improvements were achieved during 1992 by
extending the capacity of the common network of the IKH and the Institute of Jon Beam
Physics Material Research which includes now 30 VAX and DEC stations.



Il. Results of Research and
Development



1. Theoretical Nuclear Physics



Quark production in a chemical off-equilibrium gluon plasma B
B. KAMPFER*?, O.P. PAVLENKO®®

¢ Forschungszentrum Rossendorf e. V., Institut fir Kern- und Hadronenphysik
b Institut fiir Theoretische Physik (KAI e.V.), TU Dresden
¢Institute for Theoretical Physics, Kiev

Perturbative cross sections for gluon-gluon scattering are larger than the ones for quark-
quark or quark-gluon interactions. This fact might imply that in ultrarelativistic heavy-ion
collisions a gluon plasma is created with a few quarks admixed [1]. Present parton cas-
cade models [2] support such a picture. Since some of the proposed primordial quark-gluon
plasma probes, such as direct photons and dileptons, measure mainly the quark distribu-
tion it seems to be necessary to refine the standard estimates for the local equilibrium
quark-gluon plasma [3,4] by more detailed calculations of the quark species evolution.
We rely on a transport model of coupled Boltzmann type equations for quarks and
'gluons and assume thermal equlibrium of both species. Quark pairs are created in bi-

nary collisions by lowest-order o, processes like I : and . g while
the inverse reactions create gluons (gluon/quark propagators - dotted/ful lmes) The
corresponding t-channel reactions do not change the particle numbers, but maintain the
thermal equilibrium. With standard cross sections [5] we derive the rate equations for the

parton number n(7) and gluon weight z(7) (7 is the proper time)

dn = —anfr, 8,z =nR(T)(B(1 —z)* —2?) | (1)

R(r) = 27;“.32 (%) I(m T), I(m T)= / de(z)a(z)Kl(T( )),

W(z) = (1 —42"2)Y2 5(2) = (1 4+ 4272 + 2~ YarthW — (T + 31z")W/8, B =4/9, a =1
for the Bjorken scenario. Their solutlon 1s

nlr) = ng [ 2 x‘rz(ﬂg*_‘/—)A* o(T)(B — \/_)A_ |
=) =TS E ey ©

- 1-a/3
Ae= (6 Ve—82 VB, vt =ootra((Z) " 1)

With the umque screening mass m = W/ 5 2T af given temperature T one gets charac-

teristic values of 7o which indicate a rather Iong time for gquark cooking. After v/7 = 3TQ
the quarks would be approximately in chemical equilibrium.

We estimate the photon productlon via quark - ant1~quark fusion i oy 2nd

-Compton-like processes 7 and find minor changes in the rate fo:r hard photons
as long as the initial wexght of quarks in the plasma is 2o = z(70) < 0.85, otherwise the
primordial production in lowest order is suppressed. Analog statements a.lso apply for the
dilepton rate. Cross features of charm production are moderately affected by the time
dependence of the parton species. This is since gg — ¢ and ¢§ — ¢ processes are nearly
equal in thermalized parton matter (in contrast to straageness production).
REFERENCES:
[1] E.V. Shuryak, Phys. Rev. Lett. 68 (1991) 3270

L. van Hove, S. Pokorski, Nucl. Phys. B86 (1975) 243
[2] K. Geiger, Phys. Rev. D46 {1992) 4965
[3] J. Kapusta et al.,, Phys. Rev. D44 {1991) 2774
{4] B. Kampfer, O.P. Pavlenko, Phys. Lett. B289 (1992) 1?7
[5] H.M. Georgi et al,, Ann. Phys. 114 {1978) 273
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Dilepton radiation from non-equilibrated parton matter produced in
ultra-relativistic heavy-ion collisions 2

B. KAMPFER**, O.P. PAVLENKO*®

@ Forschungszentrum Rossendorf e. V., Institut fir Kern- und Hadronenphyszk
Y Institut fir Theoretische Physzk (KAI e.V.), TU Dresden
¢Institute for Theoretical Physics, Kiev

Dilepton yields from a thermally and chemically equilibrated quark-gluon plasma have
been considered by many authors. It turns out that the yield depends strongly on the
initial temperature and formation time of the plasma (cf. also [1]). Therefore one should
expect that the pre-equilibrium state, where parton are yet off equilibrium, is also a
intense source of lepton pairs. Indeed, among the very first hard parton collisions there
are also such ones which produce dileptons in the Drell-Yan (DY) process. The DY yield
is estimated to mask completely the thermally produced pairs in present relativistic heavy
ion collisions at CERN-5PS. At very high bombarding energies, as envisaged in the RHIC
and LHC projects, however, there are expectations to observe dileptons from dense parton
matter. At these energies the parton evolutlon is predicted to be described mamly by
perturbative QCD.

To follow the thermal equilibration process of the parton matter towards quark-gluon
plasma we use a linearized Boltzmann type transport model for the parton distribution

function f(Py,y,7) ) ‘
p0: f = =1 w'pi(f — feg)s ‘ (1)

feq = lexp{(«'p:)/T} + 5], / &Ipp’ f = / Cpp° feg- ®)
with the solution for predominant longitudinal evolution ‘4

7,

£o1,6,7) = * Moo o) + [ d(' Slalon €70,

where fo = f(70) is the initial distribution at proper time 7, and ¢(7) = Jodr'rrg ")

indicates that the relaxation time is implicitly time dependent. (The charactenstlcs are
Tshé = 70 sh&. = 7'shf’. Due to the scaling symmetry the velocity u’ is fixed. The
parameter T in f., is determined by the condition of fit (2).)

Relying on chemical equilibrium we calculate the dilepton yield per space-tlme and
momentum volume element ,

dN d3p1 d3p2 : o , ,
#=diq ~ | Gy ey | @2 22) 00 (M) 8(Q — 1 — oW

for the quark - anti-quark fusion (v - relative velocity of fusmg partons o - fusmn Ccross
section with a lepton pair in exit channel).

As intial distribution we use [2] fo(py,&) = Np () exP{—-p 2 [K}, and s = 0. With
these ingredients we find that even for very fast equilibration the dileptons carry much
memory from the initial stage of the parton matter. In line with recent results [3] the cal-
culated dilepton yield from off-equilibrium partons exceeds the DY contribution at RHIC
energies. Therefore, unless strong non-perturbative QCD processes are operative, the
dileptons seem fo probe mainly the pre-equilibrium dense parton matter.

REFERENCES: » |

[1] B. Kampfer, O.P. Pavienko, Phys. Lett. B255 (1991} 503
[2] B. Kampfer, O.P. Pavlenko, Phys. Lett. B289 (1992) 127
[3] K. Geiger, J.I Rapusta preprint Minnesota {October 1992)
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Low-mass dilepton emission from an expanding superdense pion gas®
B. KAMPFER**, P. KocH®, AND O.P. PAVLENKO®¢

¢ Forschungszentrum Rossendorf €. V., Institut fir Kern- und Hadronenphysik
bInstitut fiir Theoretische Physik (KAI e.V.), TU Dresden
Institut fur Theoretische Physik, Universitat Regensburg
dInstitute for Theoretical Physics, Kiev

We study the space-time evolution of dense, non-equilibrium pion matter, formed in the
midrapidy region in relavistic heavy-ion collsions, in the frame work of a Boltzmann type
transport model which includes effects from Bose statistics. The collision term is han-
dled with in relaxation time approximation with density-dependent relaxation time. The
pion number is conserved, since inelastic collisions are ineffective at given energy density.
Starting from an initially supersaturated pion gas with a large positive effective chemical
potential we find that this pion chemical potential stays approximately constant during
the evolution, i.e., due the rapid expansion the partial equilibrium is maintained.

As a consequence such a scenario leads to an increased dilepton yield between the
kmematlca,l threshold for muon pair production via pion annihilation and the p,w bump [1].
Dependmg on the lifetime of the dense hadron matter system formed in relat1v1st1c heavy
ion collisions this component can be observed above the background of muon pairs from
resonance decays (dashed line in Fig. 1; full line -sum of all contributions). Preliminary
experimental data [2] seem indeed to indicate an enhanced yleld when comparmg proton-
nucleus and nucleus-nucleus collisions (cf. Fig. 2)
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Fig. 1: The di-muon yield as function of Fig. - 2: The preliminary experimental re-
the invariant mass for initial temperature 200 sults from Ref. [2]. The data are normalized
MeV-and freeze-out temperature 160 MeV. in the ¢ region on a factor-3. heavy dots - S
The chemical potential, which parametrizes + W, circles - p + W at 200 AGeV.

the chemical and thermal off-equilibrium, is
120 MeV troughout the evolution. These Val- ,
ues fit also the hadron spectra.

REFEREI\ICES

[1] B. Kampfer, P. Koch, O.P. i’avlenko, Proc Int. Workshop Nudei & Nuclear Excitations,
Hirschegg 1993, (Ed.) H. Feldmeier; FZR-93-0x, submitted to Phys. Rev. C
[2] U. Gerlach, Proc. Quark Matter 1991, Nucl. Phys. A544 {1992) 109¢
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Estimates of dielectron production in pp and pd reactions at 1 - 2 GeVB

B. KAMPFER™® A L. Trrove, E.L. BRATKOVSKAYA®

® Forschungszentrum Rossendorf e.V., Institut fir Kern- und Hadronenphysik
b Institut fiir Theoretische Physik (KAI e.V), TU Dresden
¢JINR Dubna, Lab. Theoretical Physics ’

Dielectrons represent one of the promising signals which probe directly dense and hot nuclear
matter produced in heavy-ion collisions at intermediate energies. Since the electron pairs are
created in various elementary reactions, one needs a reliable description of these elementary
reaction channels to unfold dielectron spectra and to get the wanted signal of highly excited
nuclear matter.

We have improved our previous estimates of dielectron production cross sections in elemen-
tary nucleon-nucleon subprocesses and applied them in pp and pd reactions at 1 and 2 GeV
[1]. In contrast to other calculations we here rely on the vector dominance model as guiding
principle for the hadron-photon interaction. Reaction channels and propositions considered are:
(i) Bremsstrahlung: It is calculated within an approach which resembles the soft-photon ap-
proximation, however, uses exact kinematics. The essential point is a off-shell suppression taken
from a relativistic oscillator quark model. In the pd reaction both the pp and pn bremsstrahlung
contribute, i.e. the usual destructive interference in pp reactions is not operative here. ' '
(i) A Dalitz decays: In addition to the standard approach we include the M5 dependence in the
cross section oyN_.Na, as follows directly from a one-boson exchange model. In this subprocess
we also include the vector dominance formfactor in the AN v vertex. ‘

(iif) 7 Dalitz decays: We use the usual eta decay rate with eta production cross section as calcu-
lated in the one-boson exchange model [2] and parameters fitted to the few experimental data.
(Note that with respect to the recent SATURNE measurements on 7 production [3] a puzzling
situation arises for the unexpected large pn cross section). ‘

(iv) Fermi motion: To mimic the momentum distribution of nucleons in the deuteron we use
the wave function of the Paris potential with additional short-range correlations. o

Numerical results are displayed in Fig. 1 and discussed in Ref. [1]. Note that the present
approach gives an energy dependence of the ratio of Opd[0pp a5 Seen in experiments [4]. .

With respect to the uncertainties in several subprocesses we now apply our approch to real-
photon bremsstrahlung in the same reactions in order to get supplementary informations by
comparison with new data from planned experiments at COSY.
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Fig. . 1:" The cross section of dielectron
production in the pp (lower panels) and
pd reactions (upper panels) at 1 GeV (left
panels) and 2.1 GeV. (right panels) 15r0-"
ton energy (heavy full line - sum of all
contributions, da;shed/dotted/ thin lines -
Af7/bremsstrahlung contributions). The ex-
perimantal data (dots, [4]) are for p 9Be col-
lisions scaled by A ;f’ Arrows indicate the
e kinematical limits in pp reactions.
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On the Nuclear Structure Function F#:
Moments M,(F4) and Kinematics beyond z =1 %

L.P. Kaptari®, A.Yu. Umnikov® and B. Kampfer®* ,

e JINR Dubna, Lab. Theoretical Physics
b Forschungszenirum Rossendorf e.V., Institut fir Kern- und Hadronenphysik
¢Institut fir Theoretische Physik (KAI e.V.), TU Dresden

An analysis of the behaviour of nuclear structure functions Fi* at large z, and its mo-
ments M2 at large n has been performed within two theoretical approaches: (i) the QCD-
motlva.ted Q?rescaling model and (ii) the operator product expansion method within an ‘
effective meson-nucleon theory which is prompted by nuclear physics. While in the typ1ca1
"EMC region” = = 0.1 — 0.7 various models can explain the data (see Fig. 1), near z ~ 1
significant deviations arise. Our theoretical estimates of nuclear structure function at
z > 1 are in a good agreement with existing data (see Fig. 2, [1]). The moments, derived
from experimental data, are found to depend essentially on the behaviour of the respective
structure function beyond z = 1. A relation between the Q?-rescaling parameter {4 and
nuclear averages, i.e., mean kinetic energy and chemical potential of nucleons, as well as

a dependence of {4 on n are established.
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Fig. 1: The ratio of the carbon and isoscalar
nucleon structure functions. Solid curves are . -

results of our model (1 - the OPE analysis
within the meson*nucleon model; 2 - the old
z-rescaling formulae). The dashed line uses

the original Q%-rescaling model. Experimen:

tal data are taken from ref. {2]. For further
details consult {1]
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2: “ The absolute value of the car-
bon structure function. Curves 1,3 - fits of

- ‘the carbon structure function [1], curve 2 -

the present approach with Fermi motion and
‘boundness effects taken into account in the
spectral function, curve 4 - our fit of the
isoscalar free nucleon. Experimental dataare

taken from ref. [3}.
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Estimates of y and 7’ production in pp and pd reactions near thresholds?
B. KAMPFER*®, H. MULLER®, A.I. TrTOV*
% Forschungszentrum Rossendorf e. V., Institut fiir Kern- und Hadronenphysik
b [nstitut fiir Theoretische Physik (KAI e.V.), TU Dresden
¢Laboratory for Theoretical Physics, JINR Dubna

Nowadays there are several theoretical models at hand for calculating meson production
cross sections in elementary reactions, say pp or pn. Effective baryon-meson field theories
[1,2) or Nambu - Jona-Lasinio type models, which are inspired by the quark picture of
hadrons, or string models which extended towards the intermediate energy range can be
used. Also statistical phase space models have been proven useful in estimating particle
production rates over a wide range of energies and particle species [3].

Concerning the 1 meson there are a few older [4] and recent [5] measurements which
can be used to fix model parameters. Precision measurements are planned for near future
[6]. These measurements will test the reliability of the mentioned models in the sensible
threshold region. Also reactions at complex targets (the simplest obviously being the
deuteron) are envisaged [6}, where secondary interactions with surrounding nucleons are
to be investigated. In particular the %’ is considered as interesting meson due to possible
exotic quark content. The motivation of such investigations is to get more insight in the
quark structure of hadrons and fundamental properties of strong interaction. However,
in case of complex targets one meets the problem of the internal motion of the nucleons
in the nuclear system. In particular, there is a subthreshold production to be expected,
and at threshold a modification of the pd cross section is quite obvious, i.e., o(pa_inx) 7
O(pp—nX) + Olpn—nX)-

In Fig. 1 we present results of the elementary 7 production cross section in pd re-
actions which rely on an effective Lagrangian which includes N and Nj,3, baryons (p,
n are different) and p,w, 7,7 mesons as well. The parameters are fixed to get approx-
imately in plane-wave aproximation for one-boson exchange the measured pp cross sec-
tions [4]. OQur results are in virtual agreement with the recent approach [1], however,
slighty underestimate near-threshold data [4]. Probably, the parametrization [7] gives
an optimal reproduction of the pp data. Our model predicts opn & 2.50p,, which is at
variance with the claim of Ref. [5] to have a factor 8. We use the estimated elemen-
tary cross sections to calculate the 7 production in pd reactions basing our considera-
tions on a realistic deuteron wave function 4 obtained within the Paris potential model
o™X (5,p) = [ (7% (p, 5') + aP™1X(p, ) [ha(F)I? d5",where 5 is the relative mo-
mentum in the deuteron. The internal nucleon motion in the deuteron is important near
and below the 7 threshold. We also include short range correlations which deseribe simul- -
taneous inferaction of the proton with a correlated two-nucleon cluster in the deuteron
wave function with a 5% probability. Observe the considerable cross. section below the
pp threshold. The short range correlations are important below 1.1 GeV proton energy.
Different elementary cross sections of Refs. {1,2,7] result also in very different predictions
far below the threshold. This behavior may be used to discriminate between the different
models. Note that above 1.5 GeV nuclear effects are negligible.

Fig. 2 displays the prediction of the statistical phase-space model. The relative
probability of populating a definite channel is calculated as the product of the Lorentz-
invariant phase-space factor with the square of an empirical matrix element (for details see
Ref. [3]}. All channels allowed by conservation of internal guantum numbers are taken into
account. Comparing the two Figures we find a remarkable agreement of the predictions
of the two different models. ‘ '
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In the statistical approach complete events are generated, and we can look for the
other reactions products. Near the threshold there is a large probability that the produced
n is accompanied by a 3He, and at higher energies by a deuteron. These channels are
energetically preferred compared to channels containing three nucleons.

Another interesting point is the question to which extent the 7 is produced via the
Njs35 resonance. As shown in Fig. 2 (thin curve) 5 production via Njg;; seems to be
negligible in the threshold region and is also at higher energies of minor 1mportance This
is in contrast with the above one-boson exchange model. ,

Within the same approach we predxct as a guideline for future expeiiments at planned
maximum COSY energy 2.5 GeV the 7' productxon cross section as 3 pb in pp and 55 ub

in pd interactions. -
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Curvature effects in the bubble free energy during the confinement transxtxon
L.L. JEnKOVSzZKY®, B. KAmprERb®, V.M. SYSOEV®

e Institute for Theoretical Physzcs, Kiev
bForschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik
¢Institut fir Theoretische Physik (KAI e.V.), TU Dresden

The recent lattice SU(3) gauge theory studies of the plane interphase between confined and
deconfined matter point to rather small values of the surface tension oo, [1]. This observation
initiated investigations of the surface tension of finite bubbles [2]. In an expansion of the surface
tension in powers of the bubble radius R, o(R) = 0oo(1 — 26/R...) the next-to-leading order
term is determined by the curvature §. Obviously, if § is sufficiently large then the curvature
term dominates the free energy of bubbles or droplets in same range of R. This is supported
by calculations of the free energy of finite droplets of quark-gluon plasma and finite bubbles of
hadron matter in bulk plasma within a MIT bag model like approach [3].

In the framework of a phenomenological theory of first-order phase transitions, the bubble
creation rate I at temperature T is usually writen in the form I = Ipexp{—AF/T}, where I
is the pre-exponential factor, cf. [4]. The change of the free energy due to the presence of
a bubble is AF = “ER3Ap + 47 R%0(R), with Ap as pressure difference of both phases. For
d(R) = 0(1 — 26/ R), i.e., the Tolman approximation, the authors of Ref. [3] find that the free
energy looks as displayed in Fig. 1. (In addition there might appear also the case of barrier free
bubble growth due to AF < 0 for all values of R within some region of §). However it should be
noted that the Tolman approximation is only a first-order correction, which holds at §/R < 1.
The minimum at Ry appears at §/R > 1 when § > 0.

According to the present state of the art of lattice calculations it is difficult to determine
accurately o(R). Therefore one should resort to more general arguments. In a recent study [5]
we used for the surface tension the Gibbs-Tolman-Koenig-Buff (GTKB) expression

_ R (5[4 (6/7)+ (62/3r2)] R
)= e | ar + @]+ (67 + 23] =,

In the approximation § = const one recovers the usual behaviour as displayed in Fig. 9. The .
barrier AF(R.) and the critical bubble radius R, however are modified due to the curvature
term §. Therfore the estimates in Ref. {4] for the time evolution of the confinement transition
need some refinement.

We have studied different approximations to eq. (1) and find that the prediction [3] of the
unusual foam of micro-bubbles with radii Ry depends sensitively on the surface tension at small
R and might turn out as artifact of several approximations.

The possible supercooling of deconfined plasma and superheating of confined matter within
the validity of eq. (1) now becomes asymmetric [5].

AFY Ap>40Q
R - R R |
Fig. 1: Sketch of the free energy as function Fig. 2: As in Fig. 1 but for the Surfa@e
of the bubble radius for the Tolman approx- tension according to the GTKB formula.

imation of the bubble surface tension.
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Properties of p- and w-mesons in dense and hot nuclear matter
near the critical pion mode softening®

G.G. BUNATIAN®, B. KAMPFERD®

¢JINR Dubna, Lab. Neutron Physics
b Forschungszentrum Rossendorf e.V., Inst. fir Kern- und Hadronenphysik
¢Institut fir Theoretische Physik (KAI e.V.), TU Dresden .

Chiral symmetry arguments and QCD sum rules predict a universal mass shift of hadrons
in dense and hot nuclear matter. In contrast, detailed many-body hadron interaction models
show a more subtle and non-uniform behaviour of the hadron self-energies. Due to the
di-electron decay modes of vector mesons there is the possibility to measure directly the
changes of p,w-mesons in the course of heavy-ion collisions. The HADES project at SIS in
GSI represents a dedictated experiment to accomplish this goal

In a recent paper [1] the propagators of p- and w-mesons in nuclear matter have been
analyzed. Due to the strong coupling to pions in prw, wrnm, pprw etc. vertices, the
p,w-meson properties depend sensitively on the behaviour of the pionic mode. Relying on
previous investigations of the pion propagator in nuclear matter, we elucidate the main
features of the p- and w-meson behaviour in dense and hot nuclear matter in the asymptotic
case near the critical pion mode softening. We find that under such conditions the p-meson
mode becomes stiffer, while the w-meson mode softens. The widths of both the p,w-mesons
increase significantly and become essentially greater then the ones of free mesons.

Relying on the hypothesis that these properties extrapolate down to slightly compressed
and excited nuclear matter one should expect a larger (smaller) p (w)-mass and a vanishing
of the p,w-peaks due to increasing widths.

Our plon polarization operator whlch enters the pilon propagator D({,k n T)
( e H(.f, k,n T)) , is represented by H(w k n,T) =

Cmb ................... - .................. - ......... O+

(solid/double/ dotted Lines: nucleon/ A /pion propagators The dot denotes the irreducible
#NN, 7AN and 77NN interactions. The hatched area is the full vertex in nuclear matter.)
The propagator incorporates the pion mode softening at large nucleon densities and
temperatures. In this limiting case it can be parametrized conveniently. Then one can easily
select the dominant contributions in the p,w-propagators. We include the interactions

P £ f . 7
-l \/wﬁ" w i p '

b k] b ¥

and self-energies ' § .

where the heavy dot denotes the full reduc1ble TP OF TAAW mteractlon {heavy lines: vector
meson propagators). The prT vertex, e.g., is represented by

LY . " i ...;... o W, W
In the present limit, processes like @70 Wcan be neglected The very details can be found
in Ref. [1}.
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Simulation of Velocity Correlations between Intermediate
Mass Fragments in Nuclear Disassembly Reactmns
at 150 A-MeV Bombarding Energy

B. HEmpE AND H.W. BARrz
Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik

In heavy ion collisions at 150 A-MeV bombarding energy the measured two—particle velocity
distribution function reveals a bump-like structure. In order to extract informations from
this function we worked out a statistical model based on both the percolation model and the
classical equations of motion, which is easy to handle with.

With respect to our model, in the nuclear fragmentation scenario the formation of
an equilibrized source should take place, followed by a phase transition which causes
multifragmentation. The resulting mass spectrum is described in the framework of the
percolation model (cf. [1]). Finally, we assume that, after the break-up, only the Coulomb
interaction is important and we solve the Newton equations for this force. Three parameters
determine our model: radial flow, break—up density and temperature. The two—particle
correlation function is defined as R(v) = X Y(v) / £ Yiz(v), where v is the scaled relative
velocity (see ref. [2]), Y(v) is the coincidence yield of two fragments, Yi,;;(v) denotes the
so—called mixed yield by taking one of the two fragments from another event and the sum
is performed over all mtermedmte—mass fragment combinations fulfilling certain selection
criteria.

In Fig.1 we represent our theoretical results for the case where one fragment has the charge
number 3 and the other one has a charge number between 4 and 7. Further, we utilized -
a break-up density of 0.14ng (ng is the ground state density), a radial flow of 0.5 MeV.
and a temperature of 2 MeV, which might be too low but gives a good agreement with the
experimental data [3] shown in Fig.2. :
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Fig.1 Correlation function R (solid line) ' Fig.2 Experimental data of the
for collisions of Au on Au at 150 A-MeV ~correlation function for several
as a function of the scaled relative velocity _ charge combmatmns taken from
v. The dashed line shows the true velocity ref. 3]

distribution whereas the dash-dotted line

refers to the mixed velocity distribution.
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Effects of Flow on the Velocnty Correlations of
Fragments in Nuclear Disassembly Reactions®

H.W. Barz *?, B. HEIDE?, H. ScHuLzZ ® AND K. SNEPPEN *

1 KA1 Berlin, e.V. im Institut fir Kern- und Hadronenphysik, Forschungszentrum Rossendorf e.V.
2 Institut fiir Kern- und Hadronenphysik, Forschungszentrum Rossendorf e.V., 0-8051 Dresden
~ 3 The Niels Bohr Institut, Blegdamsvej 17, 2100 Copenhagen, Denmark

" Fragment-fragment correlation has recently been studied in collisions of Au + Au
between 150 A - MeV and 600 A- MeV [1,2]. In these reactions a copious production of
about 10 IMF's takes place. The correlation function shows a bump-like structure for relative
velocities of vy = .06¢ which points to interesting dynamical effects at the break-up stage
of the fragmenting system. ~ :

~ To demonstrate that this behamour of the correla.tmn is associated with an overall
transverse motion of the fragmenting system we combine the statistical multifragmentation
model and the Boltzmann—Uhhng—Uhlenbeck(BUU) approach. The correlation function is
defined by the average ratio C; = Fi3/ Fiami of the two particle distributions Fj, in a single
event and of two different(mixed) events. By means of the BUU calculation we determine the
size, the excitation energy and the collective velocity of the source. During its fragmentation
the randomly directed transverse velocity changes the mixed distribution function leading to-
a peak of the correlation function C,. In our exploratory investigation we consider only the
projectile like source the fragments of which are detected in forward direction. We sample
events with impact parameters between 3fm and to 7fm simulating semi-central collisions.
The resulting function C, for the correlations of two Li fragments shows a peak in the
expected region. The Hhight of the peak diminishes if radial flow is present (see dash-dotted

line). This clearly indicates that the spread in the transverse momentum has far reaching
consequences , '

Fig.- 1. Correlation func-
tion 6’2 Jor Li fragments pro-
duced in semi-central colli-
sions of Au on Au al 150
A-MeV per nucleon as a func-
tion of the relative velocity v
without (solid line) and with
 (dash-dotted line) radial flow
of 5§ MeV per nucleon. The
dashed line shows the correla-
tion without flow using an an-
gle cui of 12 degrees.
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Multifragmentation of Gold Projectiles Studled
within the BUU Approach ?
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3 The Niels Bohr Institut, Blegdamsvej 17, 2100 Copenhagen, Denmark

4 Institute for Nuclear Research, 117312 Moscow, Russia v

S Instituto de Fisica, Universidade Federal do Rio de Janeiro, 21945 Rio de Janeiro, Brazil

It is now a well established fact that there is a regime where copious production of interme-
diate mass fragents (IMFs) heavier then « particles takes place. Especially the data of the
collision of gold nuclei on various target nuclei at 600 A - MeV taken by the GSI group [1]
show a universal behaviour compatible with the 1dea of the fragmentation of an equilibrized
system. ‘

Using the statistical multifragmentation model the properties (mass number, excitation
energy) of the equilibrized sources could be extracted by comparing to the datafl]. To under-
stand the equilibration process the reaction was studied by a Boltzma.nn-Uhlmg-Uhlenbeck
(BUU) approach which is expected to provide reliable results for the evolution process until
shortly before the fragmentation sets in. Carrying out the BUU calculations we analysed the
regions with densities larger than a certain critical density, chosen to be between 0.05 and
0.2 times normal nuclear matter density. In a time intervall less than 50 fm/c a large number
of nucleons are spllled off and these nucleons carry away most of the excitation energy. The
remnant system remains for a relatively long time span. The break-up conditions required
by the analysis with the statistical multifragmentation model are compatible with the BUU
results and are reached affer a time of around 70-90 fm/c (see fig.1 for details).
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« - L nant of the Au on Cu collision
1 aecording to the BUU model
5 - B for three different impact pa-
- 1 rameters (dashed lznes) The
numbers indicate the times in
Jm/c and the full squares in-
I A T I - dicate the break-up conditions
g - : e needed to ezplain the data by
o 50 100 ‘150 the statistical model
A
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‘Non-Statistical Fluctuations in the Velocity Distribution of
Intermediate Heavy—Ion Collisions®

B. Hepe
Forschungszentrum Rossendorf e. V., Institut fir Kern— und Hadrbnenphysz'k

Nuclear matter under extreme conditions is a highly complex system. Besides multifrag-
“mentation one expects new phenomena at intermediate beam energies. The structures of
these new phenomena may be better studied in the framework of fractal geometry than in
usual calculations. Therefore, we make use of the method of intermittency, first-introduced
by Bialas and Peschanski [1, 2] at ultra relativistic heavy-ion collisions, in order to get some
informations from the velocity distribution of fragments produced in nuclear disassembly
reactions at 150-A-MeV bombarding energy.
We simulate the velocity distribution by means of a so—called hybrid model consxstmg of both
the BUU model and the Copenhagen model. The result is represented in fig.1a. The agree-
ment with the (not normalized) experimental data [3}, shown in fig.1b, should be sufficient
for our purpose, i.e. for the study of non—statistical fluctuations.
The pratical implementation of the method of intermittency is straightforward: one compu-
. tes the scaled factorial moments F; of the normalized distribution

F 1 <Zm-1 m (k —-—1)-._..(km__i+1)>
e ‘
M < Em-—]k >3

(cf. [2]) and puts the logarithm of these moments versus the logarithm of the bin sizes Ay.
There are seyera.l ways of defining F;. We make a remark to this point in commection with
our results. If there exists a power—law dependence of the moments on the bin size

Froc(8y)™, (%)

then a straight line arises in the plot mentioned above and one can estimate the intermit-
tency exponent «; as the gradient of the log-log graph. From (%) it follows immediately
Fi(aAy) x a=*F;(Ay), ie. the system shows self-similarity at various resolutions. In
the theory of fractals, F; is called a measure and o; is the dimension of the corresponding
set (here taken as velocity mterval) The dimension of the set describes in some way its
topological properties.

Now, we turn to our results. In fig.1a the length d is the characteristic interval over which
the distribution changes substantially. As seen from fig.1c the fifth scaled factorial moment
is nearly independent for Ay < d. One also sees instabilities for Ay > d. Between these two
regions, the curve increases linearly and shows intermittency or non-statistical fluctuations.
In contrast, the graph in fig.1d which corresponds to the widely used formula

< km - (b ‘“1) e (b —i41) >
,}:m=-1<km>*

has a different behaviour and does not clearly reveal intermittency. Hence, the formula for
the F; has to be determined very carefully. Finally, we have calculated the scaled factorial
moments of a normalized distribution which refers to only one impact parameter of 5.3fm,
i.e. we exclude the mixing of different types of fragmentation events, without (fig.1e) and
with (fig.1f) evaporation. We infer from fig.1c and ﬁg 1e that event mixing does not affect
the intermittency pattern. From fig.le and fig.1f, it is seen that the oy are approximately

proportional to i-(i— 1), whereat this 1aw is better fulﬁﬁed in the case with e&a;mratmn
{as expected).-
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Fig.1 Velocity distributions and scaled factorial moments of various rank (x 3,4, 5). Solid
lines are fits.
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We have considered a two-flavor Nambu & Jona-Lasinio model in Hartree approximation
involving scalar and pseudoscalar-isovector quark-quark interaction [1]. The resulting chiral
fields, which minimize the corresponding effective action, have been restricted to a spherical
hedgehog shape and to the chiral circle. Such fields can be described by a single scalar
profile function ©(r). The sea contribution to the energy and to the average fields have
been regularized within the proper-time schema. The corresponding cut-off energy A is one
of the parameters of the model. Interaction strength G, vacuum amplitude ov of the o field,
constituent quark mass M and current quark mass m are additional parameters. The num-
ber of free parameters of the model can be reduced to a single one by means of the vacuum
equation of motion, the PCAC hypothesis, and by identifying the Feynman amplitude of
the weak pion decay, calculated in one-loop approximation, with its experimental value [1}.
Solitonic field configurations with baryon number B = 1 have been found for quark masses
M 2 350MeV corresponding to A $°1.85 M and G 2 38 M~2. The relation between valence
and sea-quark contribution to any observable like mean square radii 7, axial-vector coupling
strength g4 and nucleon-delta mass-splitting Am, depend on the cut-off A and hence on
the constituent quark mass M. While for small quark masses the observables are mainly
determined by the valance—qua.rk contribution, the sea contribution dominates at larger
masses. At M X 725 MeV (A & M,G R 44 M~2), the valence quark level dips into the

Dirac sea and the soliton is completely determined by the properties of the Dirac sea. So the
calculated observables exhibit a consid-

erable dependence on the regulariza-

tion parameter. ‘ 0 S - 350
We have self—cons1stent1y determined 230 t
the average mesonic fields and were sur- — . o 380
prised to find that the profile function o0 -60 | s 400
is nearly independent on the regulariza- T, ’ )
tion parameter in despite of the varying 8 -90 s
contribution of valence- and sea-quark _g —— 465
contnbutnons = 1207
| -- 725
-150 ¢ )
—— 300
| . -180 o —
Abb.: Self-consistently determined pro- 0.0 05 1.0 1. 5 2.0 25 3.0
file functions O(r) for current quark- ’
masses between M = 350M eV and r(fm)
M = 800 MeV. | | |
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COM Corrections of the semibosonized :
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“We consider a two-flavor (u, d) Nambu & Jona-Lasinio model {1} for low and medium energy
hadron physics with nonlinear scalar and pseudoscalar-isovector quark-quark interaction.
The pure fermionic model can be converted into an equivalent effective meson-quark model
by means of standard path integral methods. Within an appropriate regularization scheme
meson and quark fields can be determined self-consistently (e.g. [2]). We restrict the mesonic
fields to both the chiral circle and to spherical hedgehog configurations and assume them to
be classical and time-independent [3]. Within these restrictions quark and meson energies
are a functional of the mesonic profile function ©(r) alone. Nucleons can be described by
fields with a profile function varying from |©] = = at the origin to @ = 0 at r — oo.

Instead of calculating the mesonic fields self-consistently we approximate the profile function

by the ansatz : . ) . .
o) = —7m(l-35) if 7<Rn )
T\ elgmene if r2R, W
which is quite close to the self-consistent profile and has the correct asymptotic behaviour at

7 — 0 and 7 — oo. The radius R is the only pa,rameter and controls the size of the mesonic -
fields. The quantities R,, and b are uniquely determinéd by the condition that the profile
function and its derivative has to be smooth at the matching point R,,.

The bosonisation of the quark-quark interaction suffers, as every mean field approximation,
from the presence of center-of-mass motions (COM). To study its influence we have calculated -
the energy accounting for this unphysical degree of freedom and compared with the total
energy of the nucleon as described by the model (see fig. below). The difference between

both full lines demonstrates the influence of the center-of-mass motion and the stabilizing
effect of its exclusion. ‘ '

2500 T LA Figure:  Energy (E;,az), of
~ the valence quarks, the sea
‘quarks (F,,), and the to-
‘tal energy (E) for the pro--
file function (1) in depen-

2000

1500 |

g dence on the size parameter
3 R. The COM-corrected total
& ook energy (E.ory) is shown ad-
ditionally. 'The curves have
1 been calculated with proper-
500 time regularization parame-
1 ter A=636.7MeV, which cor-
ol » e ) n responds to a constituent
0.0 02 v Y . X guark mass of 400 MeV.
R(fm) = ‘
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Production of spin s=3/2, strangeness S = —2
cascade particles Z* in (K, K*) reactions on nuclei®
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We have extendet our investigation of nuclei with strange ingr’edients 'to the hypernucleus
with the most stable ezcited baryon, the cascade partlcle =*. Corresponding experimental
evidence has been found recently [1].

We follow the standard description of nuclear reactions with medium-energy, elementary
projectiles in distorted wave impulse approximation (DWIA). The experimental findings
seem to favor an one-step process p(K~, K*)="*on a bound proton of the target nucleus.
According to DWIA the hypernuclear production cross-section can be factorized into the
cross section of the elementary reaction on a free nucleon and an effective nucleon number of
the target nucleus taking into account the binding of both the protons in the target nucleus
and the produced hyperon in the final hypernucleus. Usually one takes the elementary cross
section from the experiment and calculates the effective nucleon number by means of nuclear
model. It is given by the matrix element-of the transition operator describing the convertion
of a proton into a cascade particle with the nuclear initial and the hypernuclear final states.
While the transition operator for the production of a spin s=1/2 baryon has a well known
structur, consisting of a spin-flip and a non spin-flip term, very little is known about the
production of spin s=3/2 baryons.

The production of excited cascade particles may be a sultable example for the general study
of the production of s=3/2 baryons. The relative stability (I' ~ 10 MeV) of the excited

cascade particle, in comparison to excited nucleons and to the A resonance, allows a quite
detailed study of the energy dependence of that process.

Evaluating lowest-order Feynman diagramms we have derived a p(K~, K*)=*" transition
operator. The #channel exchange of a single meson can be excluded, since a .S = —2
meson has not yet been observed. We consider the s- and u-channel contributions with an
intermediate, neutral, S = —1 hyperon. They turn out to have a simple structure in collinear
geometry (momentum transfer parallel to the projectile momentum): T = F(p,my) Sz 0z,
where S is the spin transition operator and o, is the spin operator projected onto the
direction of the momentum transfer. The factor F(p, my) determines the energy dependence
of the reaction and depends on the momentum p of the projectile and on the mass my of
intermediate baryon. While the projectile momentum is well defined in the reaction, one
has to sum over all possible intermediate baryon. The factor F exhibits a strong resonant
behaviour, and one can restrict the number of intermediate partzdes to hyperons with a
mass in the vicinity of the resonance energy.

REFERENCES:
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‘Tilted Cranking
S. FRAUENDORF
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After working out the theoretical basis in the j-shell model [1], a full Tilted Cranking
computer code was set up {2], which bases on the widely used CSM code. The rotating
deformed field is described by the Nilsson hamiltonian A , which may include monopole
pairing. The direction of the rotational axis, which is assumed to lie in one of the planes
defined by the principal axes of the deformed potential, is calculated by minimizing the
energy of a quasiparticle configuration |w,?¥ > with respect to the tilting angle 9.

k' = h —w(sind j1 + cos? j3), K|>=E|>, E'w,d)-> min (1)

The deformation of the potential and the pairfield can be calculated from the ordinary
selfconsistency relations considering i’ as the meanfield approximation to the Pairing +
QQ-hamiltonian. Each configuration |w > describes a rotational band. If the tilting angle
9 is found to be equal to 90° the rotational axis is a principal one. These Principal Axis
Cranking (PAC) solutions describe Al =2 bands, whose levels are interconnected by E2-
transitions. If ¥ differs from 0° or 90° the rotational axis is tilted. These Tilted Axis
Cranking (TAC) solutions describe Al =1 rotational bands, whose levels are interconnected
by strong M1-direct and E2-crossover transitions.

The multitute of rotational bands above the yrast line is mterpreted as configurations of
quas1part1cles in a potential that rotates uniformly about an axis that is differently oriented
for each band. The orientation of the rotational axis turns out to be a very useful semiclassical
concept to classify rotational bands at high spin . The TAC theory permits to calculate both
the energies and the intraband E2- and M1- transition probabilities on a microscopic basis.
Since TAC is formulated as a completely microscopic meanfield theory one may study the
interplay of the orientation of the angular momentum with other degrees of freedom, like e.
g. the triaxiality or the pair correlations.

The results of recent high spin experiments on 74Hf, 179W, 166167y, 5,4 199,200p}, have
been interpreted using the TAC code. Some results are discussed in the accompanying
contributions. All data were obtained with the state of art multidetector v-ray arrays
(OSIRIS, NORDBALL, HERA ). In such experiments always a number of rotational bands is
observed, which becomes even larger for the more powerfull new arrays (GASP, EUROGAM)
and is expected to grow dramatically for the arrays under construction (GAMMASHERE,
EUROBALL). The TAC turned out to be a versatile tool to mterprete these rich band
structures. The simple picture of 2 nucleus rotating about an axis, whose orientation depends
on the quasiparticle configuration appeals to intuition gamed in cla,ssmal physics. The TAC -
code is written in a userfriendly way and equipped with easy to use plotting facilities. It
runs on VAX w1th DIGITAL GKS plottmg software. '
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Tilted Cranking Classification of Multibandspectra
S. FRAUENDORF
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In the Tilted Cranking approach [1] rotational bands are interpreted as independent particle
configurations rotating uniformly about an axis that may be tilted with respect to the
principle axes of the deformed potential by the angle 9.  The orientation is found by
minimizing for each conf. the energy E'(¥,w) =< h — w(sindj; + cosdjz) > with respect to
9. The fig. shows as an example Z=72 and N=102. We use for h the Nilsson hamiltonian.
For the neutron system zero pairing is assumed. Each minimum at 4 > 0 ;epresents a cut
through a rotational band at the frequency w , the spin I and the energy E' = E — wl.
The slope of E/(w) is equal to —I . The minima at ¥ = 90° are the PAC solutions. They
have good signature and represent AJ =2 bands. Most minima are TAC solutions. Since
the signature is not conserved they correspond to AI = 1 bands. Bands with the following
structure are found: PAC: 1 : n0tv0+, TAC : 2 : n0*06~,3 : 78~ v12%,4 : #8010,
5:70Tw7H,6 : 78 w6,7 : w0Fw0~,8 : #0F13+,9 : 70F¥3™, where the notation < jz >"
(rounded to integers) is used. - 4 '

The strongly deformed 174Hf has no preferential orientation of angular momentum , whereas
the less deformed 93Er prefers an orientation around 90° [3]. The semimagic nuclei 198:199P}
have very small deformation but show regular bands oriented around an angle 45°[1,4].
Considering the classical moments of inertia of the deformed density distributions such a
behavior is quite surprising. It shows that quatal effects determine the orientation of angular
momentum . R - ‘

exp. |
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Fig. 1 Total routhians in T™Hf as functions of the tilting angle 9. {left) and the excitation
spectrum as function of the frequency w (right). Full lines indicate positve dashed negative
parity. The energy zero is chosen such that the calculated band 4 agrees with the
experimental ones {2]. All slopes are reduced by I = 16A.
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M1-Bands near %¥Pb
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The recently discovered AI = 1-bands in the light Pb nuclei (c.f. e.g. [2]) are peculiar
examples of TAC solutions. The figure illustrates the geometry of the high spin orbitals near
the Fermi level. The relevant proton states are hg/o and i3 /2> Which are reached by exciting
protons across the Z=82 gap. Their density distribution looks like a torus. They drive the
nucleus towards oblate shape maximizing the overlap with the proton orbit. This coupling
is of DAL (deformation aligned) type. The neutron orbitals are i3 /2 holes. Their density
distribution is a sphere (full 4,3/, shell) minus a torus resulting in the dumbbell like shape.
It has maximal overlap with the oblate density distribution when the angular momentum
stands perpendicular to the symmetry axis corresponding to RAL ( Rotational Ahgned)
couphng When the nucleus does not rotate (band head) i, is oriented along the 3-axis
and %, along the l-axis. Moving up the band, most of the angular momentum is gained by
gradually tilting ir and 3, towards J. The two vectors rotate around J with the inertial
forces balancing the counter forces generated by the decreasing overlap with the deformed
field. There is an apparent inertia J @) = ‘i‘] > 0. It is called ”Quantal Inertia”, since it
originates from the reorientation of 7, and 7, z,,, whose absolute value of angular momentum is
frozen by the quantization of the single particle motion. The calculated total values of (2
lie between 10 and 20 A2MeV ™! close to the observed ones. Only about 7 A2 MeV ! of the
total value is collective, the rest is quantal.

The described mechanism is a new type of rota,tlon, which is expected in weakly deformed
nuclei, when the high spin proton level are of particle type and the high spin neutron levels
are of hole type, or vice versa. It is characterized by:

o Regular Al=1-sequences with a low but rather constant J @
# Large BM1-values of several to ten p% A
¢ Small BE2-values

Fig. 1 Density distribution of the
" high j-proton and high j-neutron
hole orbitals. The vector diagrams
show how the orbitals couple with
jncreasing angular momentum .
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Rotational band structures in odd-A nuclei built on particle-like or hole-like intruder or-
bitals display experimentally an unexpected behaviour of the rotational alignment when
comparing with the systematics predicted by the Cranked Shell Model (CSM). Considering
such -a band in '%3Lu, for instance, where the odd proton occuples the i iyajo orbital, the
typical jump of the spin alignment (backbend) should occur in a critical frequency region
according to the predicted change of the neutron Yrast configuration from the vacuum (Ogp)
to a two quasiparticle (2qp) excited state. In fact the backbending is not observed when
the odd proton fills an intruder orbital but otherwise it appears for non-intruder bands in
the same nucleus as well as it is seen for the adjacent even neighbour *¢2Yb. Various at-
tempts failed to explain this effect in the framework of the CSM by a decent variation of the
pairing and deformation parameters. Since this feature exists sytematically in several mass
regions for rotational bands where an odd particle is combined to an aligning configuration
of particles with opposite isospin it is suggestive to consider a residual neutron-proton in-
teraction as possible source of this effect. In our study a schematic quadrupole-quadrupole
force (@ - Q) was applied to describe the lqp - 3qp configuration mixing which adds up to
the rotational interaction determining the band crossing in the CSM. By taking quadrupole
operators () in doubly-stretched coordinates the self-consistency of the shape can be approx-
imately conserved. Qualitatively, the effect of such a residual interaction may be sizeable
for intruder orbitals because both the quadrupole moment and the quasiparticle occupation
factor (uu' — vv') are large for a low Q-intruder particle. The simple Q - @ force introduces a
configuration dependence to both the crossing frequency and the Oqp-2qp interaction which
is not present in the standard mean field description. Intruder configurations give rise to a
‘residual quadrupole moment’ which leads to a shift of the band crossing frequency.
The simple Q) - Q) gives insight into the mechanism of the band interaction but it does not
quantitatively account for the observed anomalies of intruder hl\e conﬁguratlons»
The main conclusions can be summarized as follows:

e Intruder conﬁgmatxons are classified by particle like occupation and 2 quadrupole
moment different from the core nucleus.

e The n-p interaction may become as nnpoztant as the like particle interaction. The
interaction terms oscillate differently in phase as a function of the chemical potential.

e If the 0odd particle occupies an intruder state, the crossing frequencies with the two-gp
aligned state will in general increase. :

¢ The experimental extension towards more neutron deficient nuclei is needed for more
systematic studies of the n-p interaction along isotopic chains.
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Rotational Population Patterns in Heavy-ion Two Particle
Transfer Reactions between Even-even Thorium Nuclei
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The energies of the lowest several bands in 230232.234T}h and the neutron pair transfer strength
distributions between them are calculated by diagonalizing the matrix of p-h configurations
in six proton and six neutron Nilsson levels coupled to a rigid rotor as well as by means
of Cranked HFB + RPA approximation . Sudden-approximation methods are applied to
estimate pair transfer population patterns in 206Pb+232Th reactions. Although the two
approximation schemes are rather different, the pair transfer strength distributions are
remarkably similar, as illustrated in fig. 1. Around spin 20k or frequency fiw =0.2 MeV
the static neutron pairing goes to zero. This transition is accompanied by a branching of the
transfer strength from the yrast band into many excited bands. The spreading of the strength
indicates that there is no individual pair vibrational band, like the pair addition and pair
subtraction vibrational states observed in the vicinity of 2°8Pb. The change of the strength -
distribution is reflected by a fragmentation of the pair transfer cross section into excited
_ bands. Thus, COULEX combined with two particle transfer provides an experimental signal
_for the destruction of pairing by rotation, which is complimentary to the evidence from the
experimental energies [2].
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Excitation above yrast (MeV)

Fig. 1 Gray-scale plots of two neutron pair tramsfer strengths (I — I transitions) from
yrast levels in 232Th to states in 230Th, (a) using particle rotor and (b) using CHFB+RPA
methods. o o . } ‘ '
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Rotation-Induced Transition from Superfluid to Normal
Phase in Mesoscopic Systems: 18Yh and Adjacent Nuclei
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Due to the small number of correlated particles it is difficult to find clear experimental
signatures for the rotation induced transition from the paired to the unpaired state in a
nucleus. Specific changes ,which appear in the excitatation spectrum of the rotational bands
when the static pairfield goes to zero, may signal this transition. The Cranked Shell Model
is used to cal¢ulate the rearrangement of the ‘excitation spectrum of some Yb nuclei. The
close correspondance between the calculated and measured band spectra demonstrates that
above the frequency of Aw=0.35 MeV the static neutron pairing has disppeared."
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Fig. 1 Experimental (left) and calculated (right) relative routhians for 1%6Yb {upper p.),
167YD (middle p.} and 9YD (lower p.). Below hw=0.2 MeV strong and above fio=0.4 MeV
zero static pairing is assumed. , ' ' : ‘
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Chaotic Behavior in Rotating Warm Nuclei
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Fluctuations associated with stretched E2 transitions from high spin levels in nuclei around
168YD are investigated by a cranked shell model (CSM) extended to include residual two-body
interactions. In the CSM without the residual interaction the gamma-ray energies behave
like random variables and the energy spectra show the Poisson fluctuations. With two-
body residual interaction included, the pattern of dominant E2 transitions within unmixed
rotational bands is still valid up to around 600 keV above yrast, in good agreement Wlth‘
experiments. At higher excitation energy, the transitons begin to branch out as a consequence
of the band mixing. A gradual onset of rotational damping emerges. At 1.8 MeV above
yrast, complete damping is observed with GOE type fluctuations for both energy levels and
transition strengths (Porter-Thomas fluctuation). The onset of chaos depends on the order
of the multipoles of the interaction. The SDI (high multipoles) accounts for the experimental
evidence on rotational damping, whereas the P4+QQ (only low multipoles) fails.
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Fig. 1 The Aj statistics of energy level fluctuations (2) and the normalized th
distribution (b} calenlated by CSM including residual interactions. T;I: cuiiesﬁfbszrgl g(a)
refer to the first, second and third group of 100 1evels respectively, whereas (b) refers to the
second group.
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Classical Phase—Space Structure of the Smgle-Partlcle Motion in Cranked
Potentials

J. REIF
Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik

The phase-space structure of the three-dimensional single-particle motion in a cranked Buck-Pilt
potential of lemniscatoidic shape has been investigated. The cranking (x-) axis is assumed to
be perpendicular to the symmetry (z-) axis [1]. The deformation of the finite-depth potential is
characterized by the parameter § which ranges from 1-to 0, covering a family of shapes between a
single sphere and two touching spheres, respectively. The calculation of classical single-particle
trajectories in the rotating system has been performed for fixed rotational frequencies w of
clockwise as well as counterclockwise rotation about the x-axis. The chosen initial conditions
realize a ’single—particle momentum with a fixed z-component, a y-component equal to zero, and
- a positive x-component corresponding to the considered binding energy.
The phase-space structure has been investigated in terms of Poincaré surfaces of section (PSS),
- the mean value of the maximal positive Ljapunov exponents, and the chaotic fraction of phase
space as a function of the cranking frequency.
The analysis of the PSS has shown that, due to the inertial forces, a chaotic motion is produced
gradually for the whole available phase space if the rotational frequency is increased. The
clockwise rotation with the collective angular momentum and the x-component of the initial
single-particle angular momentum oriented in opposite directions turns out to be most effective
in generating a transition from regular to chaotic motion.
In order to characterize the single-particle motion as a function of w in a more quantitative
manner the chaotic volume u of the phase space has been determined by making use of maximal
Ljapunov exponents which are calculated for 350 trajectories [2]. The chosen initial conditions
represent the whole available phase space. The chaotic volume p as a function of w is shown
in Fig.1. The chaotic volume increases with growing w. For necked-in potentials (§=0.6) a
* saturation value of g = 1 (fully chaotic phase space) is achieved already for a very low value
of w. For weakly deformed potentials (§=0.9,0.8) an oscillatory structure is superimposed, the
relative minima of which indicate a relative stabilization of regular orbits for certain ratios
of the single-particle and collective frequency. This behaviour is different for clockwise and
counterclockwise rotation of the potential. '
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Fig.1 Chaotic volume g as a function of the frequency w for various deformation parameters §.
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Loss of Spectroscopic Information due to
Strong External Coupling?

W. Iskral M. MULLER AND 1. ROTTER?

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik
1 On leave of absence from Soltan Institule for Nuclear Studies,
00-681 Warszawa, Poland
2 also Technische Universitat Dresden, Abteilung Physik,
0-8027 Dresden, Germany

The properties of the atomic nucleus are investigated from the point of view of selforgani-
zation. The model used in the present calculations is the continuum shell model [1,2] which

- describes the nucleus as an open quantum mechanical system embedded in the continuum
of decay channels (subspace P). That leads to a nonlinear Schrodinger equation with an
effective Hamiltonian Ha'g = QHQ + QH PG('HPH @, which decribes the system in the
subspace of bound states @ = 3 p |¢ >< ¢ | and energy dependent, complex eigen-
values £p = ER(E) + iTR(E). The transition from low to high level density is mvestxga.ted
as a function of the coupling strength between the discrete nuclear states l¢ > and the
environment of decay channels [£5 150N

W}eixR' - /dEl < ¢SMiacans‘EC(+) S < fC(;F)lacercsl(ﬁ}gg]lW S . (1)

1
E() - B

A redistribution inside the nucleus takes place in a small region around some critical value of
the coupling strength a°®. The rearrangement is investigated in detail in [2]. It takes place
in the nuclear system if the level density is so large that the dxstance between the resonances
is comparable with thelr widths, on the average.

In order to i)lustra.te the redistribution, the imaginary parts -;—f‘ r of the complex eigenvalues
of the effective Hamiltonian H 5{{ are calculated as a function of the coupling strength a® in
the case of two open decay channels and shown in Fig. 1. Aslong as @ is small, the widths
of all modes increase with increasing coupling strength a** between bound and continuous
states. Beyond some critical value o, the widths of most modes decrease with increasing
coupling strength while in some cases they increase very slowly ("trapping”). In contrast to
this, the widths of some modes — their number is equal to the number of open decay channels
~ increase very guickly with increasing coupling strength o from the very beginning. Here
the influence of the enviroment is perceptible. As a result, the widths of the trapped modes
are much smaller than those of the two fast modes for & > a.

k4
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Figure 1

The i Hnagma.ry part of the complex eigen-
values £ = ER—- -I‘R versus o°*. The cal-
culations are performed at E = 34.7 MeV

for N = 70 resonance states and K = 2
open decay channels,
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In Fig. 2, the widths T'r are shown as a function of the energy Eon of the system for a®* =
2 and 6. The position of the inelastic threshold is at E., = 6.3 MeV (Fig. 2a,b) and
shifted to 30.0 MeV (Fig. 2c,d). The yf‘{z depend smoothly on energy with the exception
of threshold effects. The influence of the inelastic threshold on the widths can be seen at
all o** (Fig. 2¢,d). The pictures show clearly the appearance of one broad mode below the
inelastic threshold at large o®*, while there are two broad modes as soon as two channels are
open. It is interesting to see that the one broad mode below the inelastic threshold is not
among the two broad modes above the threshold. This result illustrates very nicely that the
original spectroscopic information of a-state is not decisive for the question whether a mode
becomes trapped or relevant. -

Summarising the rearrangement proceédS in such a manner that the spectroscopic informa-
tion on the resonance states which is relevant at low level density is lost at high level density.
As a result of the redistribution, the effective number of degrees of freedom is reduced at
the time and energy scale characteristic of the system. Only a few unstable modes become
relevant for describing the decay process and their number is exactly equal to the number of
open decay channels. In other words, the enviroment imprints its properties into the system.

a2 T e i 2

‘ F/2 [Mev)

20 2 E'S 32 3 A o : T "3‘2; A iy
o o fuey) : 2 o . ECH fMev)

Fxg.z The imaginary part II‘R of the complex elgenvalues Eg versus the center-ai—mass em:xgy E of the
system (Br = £412.1.M: cV) for o™ = 2 {2a,c) and 6 (2b,d). The second channel opens at 6.3 MeV {2a,b)
and at 30.0 MeV (2c¢,d), tespectively (E_.34 7 M€V, 70 resonances, 2 channels) ;
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Formation of a New Order?W
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2 glso Technische Universitat Dresden, Abteilung Physik,
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Systems described by non-linear equations are expected to be selforgamzed Thelr prop-
erties are determined by the interplay between internal stability and interaction with the
environment. The evolution of a system can be traced best by investigating its behaviour
near instability points in dependence on some control parameter [1]. Here the systems which
were described by classical methods are shown to form stable modes together with a few un-
stable modes. The unstable modes determine the behaviour of the system while the stable
ones are suppressed {”slaving principle”). By that, the complexity of the system is reduced.
Furthe‘r,‘ the information entropy increases, in this case, up to a certain maximal value as a
function of the increasing control parameter ("maximal information entropy principle”) [1].

In an open quantum mechanical nuclear system, one can also differentiate between stable
and unstable modes [2]. Here the full Hamiltonian H = Hy + V is diagonalised in the sub-
space of bound states. Therefore the corresponding differential equation becomes nonlinear
[2] and describes an open system embedded in the enviroment of decay channels. That leads
to an effective, nonhermitian Hamiltonian H ng = QHQ + QHGLHQ with complex, ener-

gydependent eigenvalues En=Ep+ FR and complex elgenstates &n. In this relation Qis
the projector to the bound state part @= l¢ >< $3M)) of the Hilbertspace Q + P = 1
and P to the enviroment of scattering functions. The second term in H cff represents the
coupling to the continuum which is changed in the present calculation by mea,ns of a control
parameter o*. The residual interaction is written as V** = 0 .V in order to study the
evolution of the system under the influence of the environment of scattering states.

s e The widths Tg as a function of the control pa-

. ¥ P rameter o are shown in Fig.l. At a certain
Tt value off = 2.6, a redistribution in the nucleus
A S takes place as a consequence of which the widths
of two states (fast relevant modes) become much
larger than the widths of all the other ones
(trapped modes). The number of these relevant
modes is exactly equal to the number of open de-
cay channels. The picture shows, further, that.
the redistribution at o » 2.6'is not the only
_ one. Af higher values of a®* further redjstnbu-'
T;xge;u:masmar}‘ part cf the cﬁmplex e!genvalua tions take Place by which broa.d mOdeS Of the

= Ep — T versus "%, The calculations are seco;d 2nd third generation are created. These
performed at B = 34.7McV,N = 70 resonance TIESULS illustrate the slaving principle holdmg m,
states and K = 2 open tie:cay channels. , selforgamzmg systems. "

The eigenfunctions of H, eﬁ a're dr= Zn' BredfH. In order to charactenze thelr leng i

relation o é?th the "35“95 I B Zr—l B !2lnlﬁm with |fp; ‘2 S fw{; = are calculated.
We consider the sum Iﬁt SR} # as the information entropy, .
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o™ is veried in the range :0.05 - 9.8, in steps of 0.05
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Figure 3 "

8 ¢ The mixing coefficients I3 averaged over the two broad

Figure 2 The mixing coefficients I} in relation ' modes (f), all 70 modes (all) and the 68 trapped modes
. to the basic set of the shell model wavefunctions (s) in’ relation to the basic set of shell model wavefunc-
PFM versus o** (E =347 MeV, N=70,K =2). tions O3M versus o (E = 34.7 MeV, N = 70, K = 2).

The information entropies calculated by us, reflect all the features of the reorganization
process which we observed in Fig.l. At a®® < 1, the widths as well as the I}} of all states
are rising with increasing a®*. For larger o®® but o < o, the widths and the II? of a
- few states increase strongly in comparison with those of the other ones. At a®® = o up
“to a*® = 4, the mixing coefficients I ? 7 of the two relevant modes reach their maximal value
and remain more or less constant as a function of a*. In correspondence to this, the two
broad modes behave like isolated resonances starting from o®* =~ 4. At a°® ~ 6, a new
generation of broad modes appears (Fig. I). In the same region, we observe a comparably
strong increase of the IZ of some trapped modes (Fig. 2).
In Fig. 3 the information entropy of the unstable modes increases at the instability point
much stronger than that of the stable modes. They are a signature for the driving role of
the fast modes in the process of redistribution at the instabiliy point which is formed under
the influence of the environment. This is in accordance to the results of Haken [1].

- Figure 4
kw The information entropy Ip for all 70 modes (all) as well as for
the relevant (f) and irrelevant (8) modes beyond the instability
] point, in relation to the basic set of the shell model wavefunc-

: 4
b AN Jictatiet esttater 3 T

tions &5 versus o (F =347 MeV, N =70, K =2).

In Fig. { it can be seen easily that I increases with increasing o for all &% if the sum
runs over all 70 states or over the 68 trapped modes.  This result is in full accordance
with the maximal information entropy principle. Our results confirm '™z & ™8 where
I'™s* = K -InK is the information entropy of the relevant modes and ™% = N -IaN is the
information entropy of all modes. According to the formation of a new order in the system,
the information entropy I' is reduced at ¢** > o2 in comparison to the information entropy
I for ¢ < aZ where all degrees of freedom are equally important. Thus, in reaching a rel-
evant ordered state far from thermal equilibrium, the exceeding entropy is not exported into
the environment but diminished inside the system by creating (irrelevant) trapped modes
(noise) near to thermal equilibrium. ' ‘ |
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Resonance States in Exited SystemsPV |
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The transition from low to high level density in an atomic nucleus is traced as a function of
the coupling strength between the discrete nuclear states and the environment of the scat-
tering states. In an exact theory — the model used is the continuum shell model [1] - the
coupling to the continuum of decay channels has to be taken into account from the very
begiiming. The Schrédinger equation must be solved with an ansatz containing not only the
discrete states but also the scattering states. The spectroscopic properties are then described
in a subspace Q of the whole function space P+Q.

The corresponding effective Hamiltonian H QQI , Which describes an open quantum system,
is nonhermitian and the dlagona.hzmg transformatxon is not unitary but orthogonal. Its
eigenfunctions |$r >= Yx ﬂRRIIqSR, > (J¢E > is the usual shell model solution) and
the eigenvalues £r = Ep(E) + iTRr(E) are complex. Then it follows, that the wavefunc-
tions |¢R > are not normalised with the scalarproduct. Instead it is < ¢grldp > > 1
and (|¢R >)2 = 1. Because ot that, the relation between widths and partial widths reads
Tr =< ¢rlér > 2. 17r:l-

We are variing the coupling to the environment by multipliing the residual interaction with
a factor o**. At a critical value of the coupling strength between system and environment,
a redistribution of the spectroscopic values takes place. Most states of the system become
long-lived (trapped) while a few of them are distinguished by large widths. The number of
these states, the widths of which are large as a result of the redistribution taking place in
the nucleus, is exactly equal to the number of open decay channels {2](see Fig.1).

Eigenvalues of Lhe effecte Hamillonian
lor L Ot 1005 = 9.8, step 05

0’
10
- 194 Figure 1 :
gﬂ} -] The. cgmplex eigenvalues of the ef-
= .y fective Hamiltonian £ = Ep— %f R
10 ' :
N for o** varied from 0.05 up to 9.8 in
Q0o steps of 0.05. (E=34.7 MeV,N=10
. Efm . resonances, K=2 open decay chan-
A nels)
104 S
10 ‘ —— R ATAEARAALL s Lauans ooy o Ea s o ;
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- We focus ma.mly on the differences in the wavefunctmns of trapped and broad modes which
occur, in any case, by selforganization at high level density.

In Fig. 2, < @R[@R > is given for all 70 resonances and different o®*. As one can see from
the figure, < ®p|®r > stays always near by one, with the exception of a few comparably
narrow regions of a® where redistributions in the system take place. In
(o = 2 — 3) the two broad modes seperates from each other.
further reditributions take place, and some other » broader »
-}, but their livetimes remain longer than those of the first bro

the first region
At }ugher values of o°*
modes are growing on (Fzg 1
ad modes.
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Figure 2
The < $r|®x > as a function of a“ (E=34 7 MeV, N=70, K=2).

The dependence of < ®g|®r > on a** is shown for the
two fast (f) modes (Fig. Ja) as well as for some slow (s)
modes (Fig. 8b,c). For the fast (broad) modes, the scalar
product increases up to 6 in the critical region where the
redistribution in the nucleus occurs.  For larger o, it
decrea.ses again.. Below and beyond the- critical region,

]QR > = 1, i.e. the resonances Ry behave like
usual resonances, a.lthough they do overlap, in the sense
that the relation T'r = Y..|jgrd is fulifild. This re-
sult is surely connected with the fact that the channel
wavefunctions {£§} for different channels ¢ are orthogo-
nal to each ot‘her Therefore, the large overla.ppmg in-

“tegrals < EEIQR > suggest < QRIQR, >= 6pp, where

| | 1 10 5= Ttr > + X, ), dB'piplts >< EcalVIdr > is

the full wavefunction for a resonance with the bound and
scattering part. The wavefunctions % of the other modes

3 o show a different behaviour (Fig. 3). For most of them,

$4|®% > remains larger 1 for large a°*. The "gaps” in
- Figs. b, ¢ arise because the ordering of the resonances ac-
cording to the value of their widths changes with a*. In
spite of their small widths, the trapped modes do not be-
have like isolated resonances which are independent from
each other. Here Tr < ¥, 7R/ holds. They are correlated
due to the existence of the broad unstable modes by which
they are overlapped. It is worth-while to mention that such
a result follows not only from the numerical calculations.
 given in this paper but is very well known from experimen-
" tal nuclear physics studies, e.g. from the isobaric analogue
resonances.

The longhoes trapped medes

) Flgure 3.

The < Prldr > asa {unchon of a“ for the two fast modes (3a) the four broadest trapped modes (3b) and
other trapped modes (3c){a'" = 1, E=34.7 MeV, N= 70 K-2) ‘

- isolated resonances with the exception of the region around «

As a result, the wavefunctmns of the broad modes overlap stmngly with the channel wave-
functions due to the large contribution of their scattering part "’R in Q‘f They behave like
=z, at w}uch the rearrangement
inside the nucleus fakes place (Fig. 3a) and where their Wavefuncticms are complex. At
higher coupling strength, they repel each other. That means, they are described quite well
by neglecting the trapped modes altogether. The wavefunctions of the trapped modes, on
the contrary, are described well by the &r (Q =~ @ R)-
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New semiclassical results for the baker map
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2 The Weizmann Institute of Science, Department of Nuclear Physics, 76100 Rehovot, Israel

The traditionell treatment of chaotic systems in the semiclassical approximation (SCA) is based on
the consideration of periodic orbits of the corresponding classical system, and on the calculation of
quantum variables like the level density d(E) on the basis of Gutzwiller-like formulas:

’ d(E)~ Y Ay exp(iSy/h) 1)

Here the sum runs over all periodic orbits p, S, denotes the classical action of the corresponding
orbit, and the A, are certain weight factors. Since the number of orbits entering eq. (1) increases
exponentially with the energy resolution AF one is interested in, the application of eq. (1) is practically
restricted to large AF or, correspondingly, small times.

On the other hand, it has been realized recently that, at least for certain systems, the SCA is able
to describe the fine structure of the spectrum very well {1]. In particular, it has been shown that the
SCA for the spectral form factor K(t), defined as the Fourier transform of the two-point correlation
function of the spectrum, follows the quantum predictions up to times ¢ > h/d (d is the mean level
distance), where the discretness of the spectrum is already important.

In order to investigate such long-time behaviour in more detail, and in particular to determine the time
scale at which the SCA starts to fail, more powerful computational techniques have to be employed.
One of such techniques proposed recently [2] is based on the fact, that for long periodic orbits the
quantities S and A entering eq. (1) can be factorized, approximately, into contributions of shorter
trajectories. This allows one to define a semiclassical iransfer operator V which describes the evolution
of the system over a given time interval (for kicked systems or maps, over one period) in terms of
classical quantities, and to generate an expression equivalent to (1) by considering the traces (over
phase space) of powers of this operator.

We investigated this technique on one of the simplest chaotic systems, the baker map. The latter one
is defined as a mapping of the unit square onto itself: z’ = {2z}, y' = y/2+ [22]/2, where [z] and {z}
represent the integer and fractional parts of z, respectively. The transfer operator V is given by

V(z,3:9,9") = Va6(z ~ (o' + [29/1)/2)6(y — (24’ — [2¢/])) exp(2miL(1 - z)[22)) (2)

Here, the expression in the exponent results from the action of classical tra_;ectones L denotes the
inverse Planck constant: L = 1/h, and is required to be an integer.

We studied various quantities expressed in terms of powers of V', V*, over a wide range of » and L.
In particular, we concentrated on the reliability of different ﬁnite—dim'ensional approximations to V.
Comparing our results with those ones based on the consideration of the lowest 231 periodic orbits {1},
we find an excellent agreement, the computational effort increasing only powerhke with the required
precision. This allows us to go far beyond periodic orbit calculations. In particular, for the first time
we have been able to show an exponential increase of the spectral form factor K (t) over a wide range
of &. This indicates a breakdown of the SCA, the breakdown time %, going like A~1/2. We relate this
effect to the existence of arbitrary fine (fractal-like) structures | in the dxstnbutmn of classmal actions
of periodic orbits.

Based on the obtained experience, a semiclassical treatment of realistic kicked systems is in progress.
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Correlatlon Dynamics in Nuclear Matter and Landau’s
' Kinetic Equation?

A. PFITZNER AND H. Hon,mrm1

Forschungszentrum Rossendorf, Institut fir Kern- und ‘Hadronenphysik
1 Technische Universitat Munchen, Physik Department

Properties of infinite systems for excitation energies at the Fermi surface ( low temperature
) and small momentum transfer ¢ (long—wavelength limit ) are successfully described by
Landau Fermi liquid theory. For a generalisation of this approach (cf. [1] ) it is of interest to
relate it to microscopic theories for nuclear matter. In particular, it is tempting to recover
Landau’s equation from time-dependent density matrix theory ( TDDM ) and to relate, e.g.
the damping of zero sound in liquid He to the damping of giant resonances in nuclei.
Landau’s ( Fourier-transformed )} kinetic equation reads

(w = Vpa)ér(p,g,w) + qug?[z forbp(p',9,w) + 6U) = iI(8p)- (1)
. i 4 7'

Here, ép(p,q,w) = p(p,q,w) — n, is the deviation of the one-body density from global
equilibrium [2], ¢, the quasi—particle energy, V, = %%, and f,,+ are the Landau forces. I(ép)
is a collision term, usually taken in relaxation time approximation I(ép) =~ —7,_; 1§p'e, with
5p*® the deviation from local equilibrium. In (1), memory effects are neglected. The mean-
field part of (1) is completed by an external perturbation §U in view of the study of response
functions {2].

In the small-amplitude limit of TDDM the one-body equation i6p — [R(p®),8p] — [6h +
80, 0% = tr(3)[v,6C] is coupled with the equation for the deviation §C = C — C? of the
two-body correlation function from the ground state correlations C° For nuclear matter
we apply 2 plane~wave single—particle basis |p >, leading to a quantum-kinetic equation for
6p(p, q,w) =< p+q/2|6p(w){p—g/2 >. For afirst guess it is sufficient to solve the equation for
6C(t) in Born approximation, neglecting ground state correlations. In the resulting collision

term we omit the g-dependence for simplicity. For small g, the final one-body equation may
be cast into the form

(@ — Ap(w) — qVp)op(p, g, w) + g Vy %% Z[(v(ﬂ) - v(p - p"))ép(?', ¢;w) + 8U]
~ —i;i;)fﬁp(p, g,w)= > M(p,p,w¥p(r,qw). (2

Here, v(0) —v(p—p) is the Fourier-transformed HF potential at g = 0. The energy shift A,
and the life time 7, originate from the decay of a particle |p+¢/2 > and 2 hole Jp—g¢j2 > into
2p-1h and 2h-1p states and correspond to contributions from the respective self-energies in
Green’s function formalism. In particular, we find

)yt x WZ fo(p—¥ ]2(n;¢n;¢:np+khkp + RN Ry kbt )
kb

~-

s[é(w I Ae(p, b, EY) + 8w ~ De(p, k, £, {3)

with # = 1 ~ 7 and Ae(p, k. k) = & + € — € ~ €yepopr. The last term on the rhas.
of (2) describes the muphng with 2p~2h-intermediate states via exchange and interference
processes {cf. {3]). The imaginary part of M(p,7',w) prevents the description of the damping
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by a common relaxation time Ty¢f.

Eq. (2) is 2 generalisation of (1) in so far as it retains the memory of the system. This shows
up in the w—dependence of Ap(w), 7p(w) and M(p,p’,w). In contrast to this, the Landau
forces fpras well as the collision term ( or 7rq) in (1) are assumed to be w-independent.
The additional w—dependence in (2) complicates the pole-behaviour of the density—density
response function defined by x = %‘I—w)-, with én(qw) = Zp 6p(p,q,w). The basic structure
of x as used in [2] is retained only if the sum

Z [w— Dp(w) = g Vs gri/rp(w)]—l(q Vy %v(p -7) - M(p, P, w)) = F(p,qw)  (4)

may be replaced by an average with respect to ', F (p g, w) =< F(qw) >.In thls case we
obtam an expressxon which resembles the response function in [2],

(g, w)x"(q,w)

x(g, w) = 1+ x(g, w)v(0)x%(g, w)’
1
K(q, w) = 1__"‘<'—F,W1 (5)

with x%(g,w) = PR AA a< el — Dp(w) + ¢ Vy +z'/T1[,(w)]‘1 the response function without
Landau forces. Obviously, the w—dependence of x° is more complicated than that of the ”
unpertubed ” response function xJ, given in [2].
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Mixing of pp- and ph—effects in the relaxatlon of the
-one—body den51ty

A. Pfitzner

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik

One-body propagation in a strongly interacting many-body medium is controlled by two-
body correlations C, according to ip — [h(p), p] = tr2[v, C]. The equation of motion for C is
given in [1]. A rigorous integration of the equation,~ comprising pp (ladder)- as well as ph
(loop) contributions—, is extremely complicated by the appearence of diagrams containing
combinations of ladders and loops. To account approximately for this mixing we propose
the following scheme. First of all we specify different types of correlations by their labels
[1). By inspection of the one-body equation we observe that only special correlations ¢
couple with p, in particular doorway correlations and 2p—2h—amphtudes The evolution of
C is determined by ” propa,gatn}g correlations, e.g. CP? = Cpppp and CPh = Cyhpn which, in
their turn, couple again with C. This mutual internetting is truncated neglecting € in the
equations for C?? and CP*, which is supported by the argument of different time-scales on
the one- and two-body level {2]. Neglecting one of the channels in the equation for C allows
for a stra.lghtforward integration and yields, e.g., a system of coupled equations for p and

C?" [2]. In the general case, this elimination of C is only possible switching from the usual
space of 4-label operators to a 6-label space. This way, p, C*P and C?hare coupled with each
other , but now the respective equations of motion contain effective in~-medium interactions
compnsmg loop—ladder combmatlons

For illustration we consider the relaxation of occupation numbers Na = Paayas induced by
C= Cphpp In the HF-basis, hla >= e,Ja >, and apply the Markov limit. With the effec-
tive interactions G and G (see below), the uncorrelated two-body density p20 = A(pp) and
h(p) = t + trReGp the equation for n4(1) reads

i =< of[h(p), pllex > +z2 < o3| ImG(m pacl+lad > —
Z < a3|[Clea)™(en + €a), (p20 + CPYH (™ )*je3 > ~

D7 {G%(adas, mgzs(ea )CEE vt +

1,2,3,2°,3
vi-s,lzcgé;iazlggl;a!(fﬁ - fl)Gm(fa)giijasv} (1)

The blocking operators Q= and Q1 defining vt = Q+v*and v= = Qv are explained in {3}
The first term of (1) describes propagation in the renormalised mean field. The 2.term has the
structure of a loss term, which becomes evident using the relation ImG = GQ=ImgG*, with
¢ the usual mean-field propagator. Both terms are exclusively generated by the doorway
correlation €. The correlations CPP(t) and CP(t) control the evolution in the pp- and
ph-channel.The 3.term constitutes a generalised gain term as can be verified by using a
proper stationary solution CP?(t) = CPP(p(1)). The last term contains the ph~correlations
responsible for density fluctuations {2]; it may be expressed in terms of collective RPA-
phonons.
At first glance, we have achieved a separation of the channel contributions in the one-
body equation {1). However, the mixing of pp~ and ph-effects is hidden in the effective
interactions & = »{ and & = vQ. The Moeller operators £ and  are 6-label operators,
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Gl patgr = 2123033 19023,00p08- BY way of example, we present the integral equation
for Q by diagrams in F1g 1 for the case of summing first ladders, then loops.

<! ! A¢ /
1 <& = L — ; <<
_ X 7

7 e = ‘ - Q /

o€ =2l 413.‘[- A N <P
. : ; 3 ¢

- N /
Bz B 3, N 3 > / />[3~

Fig 1 Equation for £ summing lﬁops after sumining ladders by J'L:
) ‘ = E A
. .0 T s | >-<:m'

- The 4-label box represents the pp-scattering Moeller operator {lj which follows QF =
1+ gPPv=QF and defines the Brueckner G-matrix Ga‘ = vQF. The shaded region between
this box and the ph—mteractmn vt indicates the position of a ( diagonal ) 6-label propagator
g(w)1:34 = [l + €3 — € — €4]*. The operator { is related with Q by Q = Qaf, where
Q¢ integrates the ph—channel similer as Q5 does for the pp—channel: We recover, in the
stationary limit CPP(p(t)) = (Q5 — 1)p20, current approximations, namely (i) first order
pertubation theory with QF = 1, CPk = 0 and C calculated in Born apprommatxon, and
i) time—dependent G-matrix theory with L = 0 or Q = 1 which yields G = G and in
addition, G = Gy, because Q reduces to QF ( see Fig,1).
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The Role of Collisions and Long-Range Correlations
in the Damping of Collective MotionP5¢

A. PFITZNER W. CAssING!

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik,
1 Institut fiir theoretische Physik, UNI Giessen

Damping of nuclear excitations allows to study collective motion in competition with
incoherent decay mechanisms. In particular giant resonances are a favourite subject for
experimental and theoretical efforts in this context.

Usually, collective and incoherent ( or collisional ) aspects of nuclear motion are attached to
long- and short-range correlations respectively. However, the complicated dynamics of these
correlations, as described by the hierarchy of time-dependent density-matrices [1}, does not
allow to disentangle them straightforwardly. We therefore tackle this problem in two steps,
guided by the structure of the microscopic equations:

1.) We sum up ladders seperately, this way accounting for short-range correlations; they care
for a renormalisation of the mean field and for instantanecus in- medium two body collisions.
2.) We sum up loops to account for long-range correlations; they are operative in between
the collisions and, in particular, responsible for ground-state correlations. They are modelled
by antisymmetrised collective phonons according to C =~ A(ff) , where f follows a RPA-Tike
equation [2]. The resulting renormalised equation for the one-body density p comprises, in
addition to the Brueckner G-matrix collision term, a phonon-particle coupling. Linearisation
with respect to 8p(t) = p(t) — p°® and 6f(¢) = f(t) — f° and elimination of §f(Z) provides
(i) coupled equations for the stationary solutions p® and f° which describe the correlated
ground state, and (ii) an equation for §p which reads in an arbitrary s.p.-basis | o > [3]

iﬁﬂ&a' - [ iz’(po), 5[7 ]Ola’ - [ 677’1 pO ]O(OI' =
] t
SIZH 4 I(6p) 0 + /0 &S Mot = )pp(t). (1
w’

Short-range correlations show up in the renormalised mean ficld  and the linearised collision
term §I°°!, The long range correlations produce a coupling I° with the ground state
correlations C° = A(f%f°) as well as 2 memory term originating from induced correlations
6C(2) = A(fO61(2) + (1) 1°).
The secular equation corresonding to the Lhus. of (1) is a renormalised RPA-equation with
eigenvalues {1, and eigenstates £7 ,. In the HF-limit, the labels {a, o) reduce to {p,h)- or
(h,p)-states.
We introduce collective states v by the amplitudes e, {t) = 3 . Eg‘;,ﬁpw(z), with
v ot = (Rat — oY 2EY, 1, derive an equation of motion for a,{t) using (1) and study solutions
a,(t) « exp(—iw, — T,y)t. The resulting equations for widths T, and positions w, may be
cast into the form '

Ly m TP 4 1O 4+ T (w,), w4 Ay 2
The shift Aw, stems from the real part of the r.hus. of (1). The spreading width I, separates
into three parts according to the three mechanisms discussed after {1). Collisional damping

It couples the (ph)- subspace to the 2p-2h- intermediate states, whereas I may couple
{(ph}- with more complex states via annihilation of & 2p- 2~ state spontaneously created by
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ground state correlations CJ, ,; (see fig.1). T2 and T'Q, in their turn, separate into decay,

exchange and interference ( see fig.2 ) contributions. At variance to I and I'9, the memory
term in (2) comprises intermediate phonons x* ( see fig.3). These phonons model the induced
correlations 6C and control the memory-time of the system.

Fig. 1 Particle decay with ground-state
correlations

@ ¢ G-matrix

: correlation C°

v\’V‘N{ : phonon-particle vertex

‘Fig. 2 Interference contribution with
ground-state correlations

Fig. 3 Contribution from the memory
term

_ M . ‘ :
. O’VW sCH :,A(fﬂxg_'_x;xfc)

- "V“@’V" * phonon-phonon coupling -
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Collisional and Collective Aspects in the Formation of
Two—Body Correlations?¢

W. Cassing! A. PETER! AND A. PFITZNER

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik
1 Institut fir Theoretische Physik, Universitdt Giessen

The interplay between single-particle (or collisional) and collective motion is still a funda-
mental and fascinating problem in nuclear dynamics. Representativ for the first type of
motion are Brueckner G-mairix theories, and for the second type RPA—a.pproa.ches- They
are usually related to short— and long—range correlations, respectively.

The coupled equations of motion for the one-body density, i3 = [h(p),p] + tr(z)(v,C], and
for the two-body correlations C have rendered a suitable basis for a consistent description
of these correlations. In an arbitrary s.p.—basis |@ >, the 2-body equation reads

iéaaa'ﬁj =< of|[v(p)", A(pp)la’B' > + < oBl[1 + h(p) + h(p) *"1’,VC]|a';B’ >+
< ofl[o(p)™, Clle'B' > +A(CB)A(Q') 3 v(p)ayeoCaprpr- (1)

Syt

The driving term (1. contribution) cares for a formation of correlations irrespective of the
initial conditions. The 2. term describes mean—field propagation. The in—medium interac-
tions v= = Q= - v and v+ = Q* - v are selective to pp(hh)- and ph(hp)-states, respectively
[1]. Their alternative connection with C may be viewed as the source for alternative kinds
of motion. To disentangle their effects on the dynamics we apply three approaches: (i) Born
approximation generated by the first 2 terms of (1), (ii) time-dependent G-matrix theory
including the 3. term (TDGMT or pp—channel), and (iii) including the last instead of the 3.
term (RPA or ph—channel). The importance of the respective channel is studied by means
of the evolution of propagating correlations CppppsChhhh,Cohph, doorway correlations Cypph,
Cohhhs and the ”2p-2h—amplitude” Cppra Which is Telated to a spontaneous creation of 2p—
2h—states. 7

The coupled equations for p and C are solved within an oscillator basis for a system of 16
nucleons, starting with a HF-distribution for p.

To exhibit the sensitivity of the approaches (i)-(iif) with respect to the range of the bare
interaction v, the calculations are performed for a Yukawa—potential comprising a long-range
part, as well as for a short-range contact force. For calculational details see [2].

- The formation of correlations sets in with 2 rapid increase of Cppps, irrespective of the ap-
proach and the range of v. This is shown for TDGMT in Fig.1 and 2. Remarkable enough it
turns out that this type of correlations is almost completely generated by the Born term,~in
contrast to the remaining correlations. This initial formation of Cyyxs opens phase-space for
the other correlations to become operative. A common feature is that Chpps remains small
in any case. The pp—correlations Cppypp are clearly favoured by short-range forces (compare
Fig.1 and 2), wheras Cppyy, Is favoured by the Yukawa~potential.

Instructive is the amount of correlations produced in the different channels. This is demon-
strated for the doorway- and ph-correlations in case of the more realistic Yukawa—potential.
Whereas in TDGMT, all correlations remain negligible (see Fig.3), we observe z ccnsxﬁem%ﬂe
formation of correlations in the ph-channel (Fig.4).

We conclude that (1) the ph—cliannel dominates for systems close to the ground state, and
(2) short-range forces control the pp—~channel and herewith 2-body collisions, whereas long~
range forces conitrol the ph-channel and herewith collectivity. Although this confirms intu-
itive expectations, the study of other systems and initial conditions is desirable.
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"Figure 1

Formation of correlations in the pp—channel in
case of §—force (vo = —220MeV)
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Shapes of Na Clusters
S. FRAUENDORF®, V. V. PASHKEVICE

¢ Forschungszentrum Rossendorfe. V., Institut fiir Kern- und Hadronenphysik
b Laboratory for Theoretical Physics, Joint Institute for Nuclear Research Dubna, Russia

Micro clusters consisting of several hundred alkali metal atoms are systems that show a
number of remarkable similarities to nuclei. The application of methods developed in nuclear
theory to clusters permits a deeper understanding of different aspects of nuclear and cluster
structure. At the same time, the study of the similarities and the differences between
clusters and nuclei will help to develop the general theory of mesoscopic systems, which
draws increasing attention from the point of view of conceptual understanding and practmal
- application.
~ The shell correction method has been adapted to study the shape of Na clusters [1]. The
. shapes of cluster in the range of 10 to 310 atoms have been calculated. Similar to nuclei
strong quadrupole and hexadecapole deformations are found between the magic clusters 8,
20, 40, 58, 92, .... , which are spherical. The predicted axis ratios correlate well with the
splitting of the plasmon resonances ( analog to the GDR in nuclei), measured recently [2].
Stable octupole deformations are predicted for the clusters at the beginning of each shell. The
calculated monomer and dimer separation energies show clear evidence for the deformations,
which is born out by the experimental evaporation rates and formation abundancies.

03t {a) K
20 40 s§ 92 138 198 254

Fig. 1 Quadrupole (a) and
octupole (a3) deformations of Na
clusters with N atoms.

20 40 58 =2 Be 8 a4

50 100 150 200 250 00
N
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Molecular Dynamics (MD) simulations of
GRID experiments®
K.-H. HEINIG* AND D. JANSSEN
*Institut fiir Jonenstrahlphysik und Materialforschung

Forschungszentrum Rossendorf e. V., Institut fir Kern- und Hadronenphysik -

Full MD calculations are the most realistic method to simulate the slowing down of
low-energy ions in solids through atom-atom collisions [1]. The basic idea of the MD
calculations is that the positions and velocities of both the low-energy ion and the
target atoms are calculated by numerical integration of Newton’s equations of motion.
In ref. [1] we used this method to investigate ion implantation phenomena.

Very recently, we applied our MD method to simulate y-lines of recoiling excited nuclei
[2], which are measured by the v-ray induced Doppler-broadening (GRID) method
[3]. In the GRID method a recoiling excited nucleus is produced by the emission of a
primary 7-ray of energy E, from the compound nucleus after thermal neutron capture.
When the recoiling nucleus decays further by the emission of the secondary -ray of
energy E.,, the measured Doppler shift AE, of E, depends on the velocity v(t) of the
recoiling atom at the time t after the emission of E, and the angle § under which E, is
observed relative to the recoil direction, i. e. AE, = E_f(t) cos§, where 5(t) = v(t)/c
and c is the velocity of light. ' -
The Doppler broadened ~-line contains information on the lifetime of the nuclear state
and/or the stopping power of the recoiling atom in the solid. However, in general it
is not possible to reproduce the measured 4-profile and to extract the lifetime of the
nuclear state without a theoretical description of the collisions between the recoiling
and the lattice atoms. Several procedures of theoretical analysis are currently applied
to the GRID data, the most appropriate MD method has been employed by Kuronen
[4]. Improved lifetimes of excited nuclear states and first experimental information on
the interatomic interaction potential in the energy range of a few 100 eV have been
obtained. ‘

Up to now an isotropic target has been assumed [4]. In ref. [5], for polycrystalline
titanium measured lineshapes are compared with lineshapes calculated by the MD
method. The smooth shapes of the line profile allow the fit of one quantity at best,
in the actual case the lifetime of the nuclear state. If another interatomic interaction
potential is taken for the MD simulation, the fit gives a modified lifetime. To fit
both, lifetime and potential, for a transition a more structured liheshape or a series of
lineshapes is necessary but not available by this procedure.

Recentlyz we predicted for the :first time y-lineshapes for single crystals [2]. Up to now
no experiments have been carried out for single crystals [6]. We use

I{(AE,) = %Z /0 "t S~ g, YD £ | '(1)

where AE, = E — E,. Our more general formuyla (1) contains the direction of the
szfeﬁtfﬂmeﬁ‘e{axis B (Wfﬂl respect to the crystal axis) and all velocity vectors vi(?)
of _‘t%te recoﬂxifg atoms z. Using our MD code, we simulate for the nuclear reaction
28 g;;l(,g ) ?S;Sz ;h;l px;ﬁle ;f the Dgl?ler-i‘roa.dened 7-line of the secondary y-transition
with £, = 243 MeV and 7 = 10 fs, where the ler- ening ©

primary y-decay with E, = 6.05 MeV. o Doppler-broadening comes from the
In our MD simulations, the recoil atoms start from a lattice point into 3000 randomly
distributed directions. The slowing down of the recoils is catliulated using a finite cell
of 960 atoms with periodical boundary conditions, The crystal structure g of diamond
type. : -
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After each time step ¢; at the Doppler shift AE,, = vi(;)n/c the value P, = e/ has
been added to the intensity J(AE,). This procedure is equivalent to the calculation
of I(AE,) corresponding to eq. (1).
Our theoretical prediction proves that considerably improved GRID experiments can
be carried out with monocrystalline samples. Then different crystal alignments lead
to different lineshapes with a pronounced structure (see Fig. 1). These lineshapes -
contain sufficient information to fit several quantities (e. g. lifetimes, potential) in one
experiment. Fig. 1c demonstrates that even small differences in potentials should be
measureable in the energy region 50 eV < E; < 1 keV, where other methods fail to
give good results. After the reconstruction of the research reactor at the ILL Greno-
- ble our proposed experiments will be carried out [6]. The new ultra-high-resolution
gamma spectrometer GAMS5 should even allow to determine the location of impuri-
ties in a host crystal. ' B ‘
This work was supported in part by the Bundesministerium fir Forschung und Tech- -
nologie under Grant No. 211-5291-03-HE3ROS. ‘ B

Fig. 1: Examples for Doppler-broadened

lineshapes due to the slowing down of re-

800

coils in monocrystalline silicon. The Doppler-

broadened lineshapes are predicted by our

T

600 ] MD simulations for the secondary +-decay
with E; = 2.43 MeV, 7 = 10 fs, where the
recoils are produced by the primary y-decay
with E, = 6.05 MeV following the nunclear
reaction *Si(n, v)*°54. The structure in the
ﬁnéhape reflects the dependence of the slow-
ing down process of recoils on the recoil di-
rection in the crystal. The temperature de-

~ pendence is small, here we present results for
: T = 0'K only. Different alignments between
the spectrometer axis and the crystal orien-
tation give different lineshapes. The univer-
sal potential {marked line) and the Moliere
potential {thin line) result in different line
shapes. - Such differences should be experi-
mentally resolveable.
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First obsefvation of a crossing of oblate dipole bands in the A = 200 region
(Physics Letters B298 (1993) 54)

G. Baldsiefen, U. Birkénta.l, H. Hiibel, N. Nenoff, B.V. Thirumala Rao, P. Willsau, J. Heese,
H. Kluge, K.H. Maier, R. Schubert and S. Frauendorf

Abstract: High-spin states in 1%°Pb were populated in the 36W(180 5n) reaction at a beam
energy of 94 MeV. The analysis of the y-ray coincidences revealed a new oblate rotational
band of strong dipole transitions which shows a pronounced backbending. The connection -
between this band and the normal spherical states is established. Thus, spin and excitation

energy of an oblate collective band in the Pb isotopes are determined for the first time. The
backbending is interpreted as a crossing of bands with different numbers of aligned ijz/,
neutrons.

Particle production during inﬂaﬁonary reheating
(International Journal of Modern Physics A, Vol. 7 (1992) 2033)

M. Basler and B. Kimpfer

Abstract: A possible reheating mechanism in inflationary universe models. is studied in
some detail. Results are presented of numerical investigations of particle creation and
corresponding reheating within a self-coupled scalar field model. By using the method of
Hamiltonian diagonalization attention is devoted to the time development of the process
and its parameter dependence. The effect of particle production is found to depend strongly
on the anharmonicity of the potential around its minimum and on the amplitude of the
oscillations of the scalar background field.

Pion-pion cross section in a dense and hot pionic ga
(Physics Letters B275 (1992) 19) :

H.W. Barz, G. Bertsch, P. Danielewicz and H. Schulz

Abstract: We examine the in-medium scattering cross section in a dense and hot pionic gas.
We show that the increase of the scattering rate associated with the Bose occupancy factors.
is largely compensated by a drop in the cross section, when medium effects on the pionic cross
section are consistently taken into account. Implications for calculating the pioh spectrum-:
at low transverse momentum, in ultrarelativistic heavy ion collisions, are discussed.
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Mechanism for nuclear disassembly of the Ar 4 Th and Pb + Au systems at
intermediate energies

(Physical Review C46 (1992) R42)

H.W. Barz, J.P. Bondorf, C.H. Dasso, R. Donangelo, G. Pollarolo, H. Schulz and K. Sneppen

Abstract: We show that the neutron multiplicities observed in the reaction “°Ar on 232Th at
incident energies between 27 and 77 MeV per nucleon are consistent with the predominantly
binary character of the collision process. The most violent encounters lead to excitation
energies of several MeV per nucleon, sufficiently high to crack the colliding nuclei into many
small fragments. We also give the neutron multiplicity and decay pattern for the reaction
208Ph on 197 Au at 29 MeV per nucleon, for which some preliminary data are available.

Fluctuations and intermittency in multxfragmentatlon processes
(Physical Review C45 (1992) R2541)

H.W. Barz, J.P. Bondorf, R. Donangelo, LN. Mishustin, H. Schulz and K. Sneppen

Abstract: Nuclear multifragmentation processes may show features such as intermittency
that signal scale-invariant properties of fluctuations in the fragment distributions. We
test this behaviour using several models and show that intermittency may be caused by
a combination of finite-size effects and the mixing of fragmentation events corresponding to
different initial conditions.

Thermalization of mesons in ultrarelativistic heavy-ion reactions
(Physics Letters B287 (1992) 40)

H.W. Barz, P. Danielewicz, H. Schulz and G.M. Welke

Abstract. The Boltzmann equa.tmn with bosonic factors in the collisions integral is solved
for an expanding gas of mesons modelling the central rapidity region of central 0 on
Au collisions at 200 GeV/nucleon. The employed in-medium =7 scattering-amplitude is
derived from a Bethe-Goldstone equation. Mean field effects are not included. Tn a purely
pionic scenario thermalization explains the experimentally observed low-p; peak in the pion
spectra if a hadronization time of ~4.5 fm /¢ is assumed. Inclusion of the mesonic resonances
reduces the effects of statistics and a much shorter hadronization time of ~1 fm/c is needed
to describe the data.
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Self~consistent truncation of the BBGKY hierarchy on the two-boldy level
(Z. Phys. A342 (1992) 161)

W. Cassing and A. Pfitzner

Abstract: We present a coupled set of equations for the one-body density matrix and the two-
body correlation function consistent with trace relations and conservation laws which provide
an extension of correlation dynamics on the two-body level. The additional interaction terms
are discussed in the context of time-dependent G-matrix theory and NQCD and studied
numerically by one-dimensional calculations for colliding finite fermion systems.

Nonexponential decay of a stochastic one-channel system
(Phys. Rev. A45 (1992) 701)

F.-M. Dittes, H.L. Harney and A. Mu]ler

Abstract: A general formula is presented that expresses the temporal evolution of compound
systems. It connects the time dependence of the density matrix with the energy dependence
of the scattering matrix. Using results of random matrix theory, we then study the decay
behaviour of stochastic compound systems with arbitrary coupling between bound states
and decay channels. As an example we consider the case of one open channel and prove a
nonexponential decay law for all times that asymptotically is of the form ¢3/2.

Quenched proton-neutron coupling in h11 /2 high spin states of 128Ba
(Physics Letters B274 (1992) 149)

S. Frauendorf, W. Lieberz, D. Lieberz, P. von Brentano and A. Gelberg

Abstract: Anelyzing experimental E2-branching ratios in terms of a three level model
coupling matrix elements between the 10% states of the ground band and the neutron and

proton S-bands are estimated. The coupling matrix element between the two S- bands 1s
found to be less than about 3 keV, WhICh upper limit includes the errors.

58



Time evolution of chaotic quantum systems
(Ann. Phys. 220 (1992) 159)

H.L. Harney, F.-M. Dittes and A. Miller

Abstract: We consider a quantum system which is open in the sense that a number of
metastable states are coupled to a set of decay channels. A solution of the time dependent
Schrodinger equation is developed that allows us to describe both the excitation and the
decay process. Assuming the excitation to be practically instantaneous, the decay is studied
in detail for systems which have a random Hamiltonian or - what is closely related - behave
chaotically. The decay function is worked out in a form emanable to numerical evaluation
with standard techniques. For severa] instructive special cases, it is evaluated in closed
analytical form. It turns out to be generally neither exponential nor independend on the
way by which the system was excited. It is exponential and independent of the excitation
only if a large number of decay channels are present. If only one channel is open, the decay
function is asymptotically proportional to t=3/2.

Hierarchical trapping of resonance states at high level density
(Phys. Rev. C47 (1993))

W. Iskra, I. Rotter and F.-M. Dittes

Abstract: On the basis of a simple Smatrix model we show that at high average level
density, local fluctuations in the density of states of an open quantum mechanical system
create locally a few broad resonance states together with a larger number of narrow (trapped)
ones. The widths of the broad states are of the order of the length which characterizes the
local fluctuations in the spectrum. They serve as a background for the narrow “finestructure
resonances”. If the spectrum shows a hierarchical fluctuation pattern in energy, this
behaviour repeats on all energy scales. From these results, we conjecture that the well-

known intermediate structures in nuclei at high level density, described by the doorway
mechanism, are formed due to such a trapping effect.

Dilepton radiation from non-equilibrized parton matter produced in ultra-
relativistic heavy-ion collisions
(Physics Letters B289 (1992) 127)

B. Kimpfer and O.P. Pavlenko

Abstract: Dilepton radiation from parton (quark-gluon) matter, produced in ultrarelativistic
nucleus-nucleus collisions, is calculated within a kinetic theory approach in order to study
non-equilibrium effects. We investigate (i) the approach towards equilibrium in early
collisions stages and (i) the departure from a supposed equilibrium stage due to the
subsequent longitudinal expansion. Independent of the details of the parton equilibration
process the continuum dilepton rates from quark fusion in deconfined matter are found
to exceed the Drell-Yan background in the J/ ¥ region at RHIC and LHC energies. The
appearence of higher mass dileptons depends on the degree of thermalization.

59



The soliton of the effective chiral action in a heat-kernel expahsion
(Ann. Physik 1 (1992) 106)

B. Kampfer and H. Reinhardt

Abstract: It is shown that the heat-kernel expansion (rather than the gradient expansion)
of the effective chiral action of the quark loop yields in next-to-leading (i.e., fourth) order
an effective low-energy Lagrangian which possesses stable solition solutions. The baryon
pumber-one soliton solution of this effective chiral Lagrangian is found numerically.

Scale invariance and the stability of a hedgehog soliton
(Physics Letters B299 (1993) 183)

Th. Meissner, G. Ripka, R. Wiinsch, P. Sieber, F. Griimmer and K. Goeke

Abstract: We show that a scale invariant chiral action proposed not long ago prevents the
recently discovered collapse of the hedgehog soliton off the chiral circle calculated With’ a
proper time regularized Nambu-Jona-Lasinio action. The soliton calculated with the scale
invariant action turns out to be close to the chiral circle and hence has properties which are
very similar to those of the chiral quark loop. Its mass obeys the loffe formula.

Unified description of quasi-free and resonant processes of hypernuclear
production and decay ‘ - ,
(Czech. J. Phys. 42 (1992) 1061)

R. ‘Wiinsch

Abstract: We review a unified description of resonant and quasi-free hypernuclear production
reactions on the basis of the continuum shell-model. Both reaétion ﬁleéh: nisms are
considerad as boundary cases of the same process. We apply ther ,mo,de,l to the (K~ ;r)lr-;nd to
the {w, K*) reaction on light target nuclei. Particular attention is gﬁen to thé COI: > ﬁces'
of the shallow hyperon-nucleus potential. Hypernuclear disintegration b ' barvo fseflu? . ‘
considered as transition from the bound to the unbound part of the co’Iilﬁguri’ﬁiI(l):aHll 1:;1;1'2 is
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Test of the Start Detector System for the Investigation of
the pp-Bremsstrahlung with the COSY Time-of-Flight
Spectrometer (TOF)?%

r. M]ICHEL A. SCHULKE K. MOLLER, A SCHAMLOTT B. NAUMANN L. NAUMANN.

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphyszk
and the COS Y-TOF Collaboration

In the previous annual report a concept of a start detector was presented for the mea.surement
of the pp-bremsstrahlung by means of the COSY TOF-spectrometer.

The final version of this start detector
is shown in fig.1. Additionally to some
preliminary tests of the performance of

the hollow light guides described in the )
previous annual report the components of
the start detector were tested under realistic )
conditions using minimally ionizing particles ;
(3.5 GeV/c pions) in a test measurement in 1]
the T 11 test area at CERN. //
The following main properties of the start ' ,/
detector were to be investigated by the tests: ,//
~ the local variation of the light output ?
amplitude in dependence on the place EQ
where the detected particle hits the ‘?z.,
trapezium-like plastic scintillator e
- the gap width between neighbouring
scintillator segments ‘ Fig.1  Start detector for
— the average time resolution - for the investigation of pp-bremsstrahlung
minimally ionizing particles (Sc-scmtﬂla.tor T=target pOSlthD.)

The sgét-up for the test measurements is shown in ﬁg.’?i Here P and E are two identical test
modules consisting of two neighbouring start detector segments each.

: g
SO s § P £ SR €2 ﬁm
35 Gevic }_‘ o ““*"‘ N—Q‘ +=-——- e n _*,“ %
i £ TRy 5D i
Wenm eI em €& TT-3PC2 5 1
7 . ‘P&w ; i =
T At D 12 5 L 1, . .
50 X e vnntirs. 0L 1. a i ¥ y
‘ Fiinm
Fig.2 Experimental set-up for the test of Fig.3 Local efficency varation of the
the start detector components P and E scintillator segments

In a first test run the local varistion of the light transmission efficiency of a start
detector segment was determined by scanning the trapezinm-like scintillator segment with a
microstrip detector system {MS) consisting of two crossed 24x200 pm microstrip detectors.
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The result of the efficiency measurement is presented in fig.3. An analogous result as shown
in fig.3 was obtained for the X-direction perpendicular to the Y-direction.

Apart from an overall decrease of the light intensity with Y increasing there is an intensity
decrease in the border regions of the scintillator segment. The general trend of an intensity
decrease with Y increasing can be reproduced at least qualitatively by light transmission
simulation calculations using the LIGUI code. An exact reproduction of the behaviour of
the light transmission efficiency is not possible because the LIGUI code takes into account
only the light transport in the hollow light guides whereas the transport of the light in the
scintillator elements is not included into the code.

In a second test measurement the gap width was deterrmned between neighbouring
scintillator segments using again the microstrip detector system. The logical scheme for
measuring the gap width is presented in fig.4. The result is shown in fig.5.

200 T T T ¥ r
£200r . I 1,
2 :
§ F & s
£ L £z ]
Ot ; 3;\,/,-‘* 1
'g 100 - \ ]
3 - 0 E
g ! ]
g L ! ]
Z ¥ ! ]
o +
& : ]
0 FERPSES | FEYPINIUS TI DU WA SRR U S0 S L S N
0 50 100 150 20
gap (mechanically adusted) / pm
Fig4 Electronical arrangement for Fig.5 Gap measurement with pions

measuring the gap between neighbouring
scintillator segments

From fig.5 one can infer that the minimum gap "felt” by the particles amounts to 100 pm
whereas the minimum mechanically adjustable gap is 48 pm. This minimum mechanical
gap width is determined by the thickness of the mylar foils between neighbouring scintillator
elements. v

For larger gap sizes the particle measured”

gap neatly coincides with the mecha.mca.lly W T T
adjusted gap. - ]
To determine the time resolution of the start
detector for minimally ionizing particles the
time of flight was measured between the two
identical modules P and E (s, ﬁg,2), - r /

100

L A O
L

Counts
st
)
"
i

In the electromical set-up to determine the so:- / \

time of flight constant fraction discriminators A T
were used. The measured time spectrum is n 80 % 100 ™
Sho(“gévin fig.6. From the time resolution : fme of fiight/ rel. urits

At HM) = 780 ps in fig.6 one obtains the '

e 84/5 = 50 e (WO fr e 1180, T syt
resolution of a single module. modules P and E ;

We would like to thank our colleagues from the COSY-group at the Umversxty of Erlangen
for the support in perfmmng the measurements at CERN.
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; SIMULATION OF THE ;
PROTON-PROTON-Bremsstrahlung AT THE

COSY-TOF-SPECTROMETERSX
B. NAUMANN, P. MicekL, K. MOLLER, L. NAUMANN, A. SCHAMLOTT AND A. SCHULKE
“Forschungszentrum Rossendorf, Institut fiir Kern- und Hadronenphysik

Monte-Carlo simulations have been performed to help in designing the start detector as a
part of the whole COSY-TOF-Spectrometer for the Proton-Proton-Bremsstrahlung measure-
ments. The simulations have been carried out using the Monte-Carlo program GEANTS3 {1].
The COSY-TOF-Spectrometer [2] is represented by a structure of geometrical volumes. Each
volume is characterized by a set of tracking medium parameters, which includes references
to the materials filling the volumes. The simulated events have been generated with the
Monte-Carlo phase space program FOWL [3]. Using GEANT3 utilities the tracking of the
reaction products through the experimental setup has been controlled for each event. In
a first experiment with the TOF-Spectrometer a reduced stop detector device will be used

consisting of the end-cap only. The geometrical structure of this spectrometer is shown in
Fig.1.

Fig.1 Schematic view of the rdetecterrana,ngement used for the simulations {0 =~ 22°)

The liquid hydrogen target and the start detector are placed inside a vacuum vessel. The
start detector consisis of a start (A) and a veto (B) ring each with 16 trapez-like plastic
scintillators surrounded by hollow light guides. The end-cap consists of the Ring and the
Quirl three layer scintillator hodoscopes. The distance between start and stop detectors was
chosen to be 3.7 meters. The aim of the presented caleulations was to consider the influence
of air along the proton flight pathes for different physical mechanisms. There are three cases:
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A - energy loss and multiple scattering in detectors, eonstruction materials and the air
along the flight path; ‘

B - energy loss and multiple scattering in detectors and construction materials, the flight
path is evacuated;

C - tracking without energy loss and multiple scattering.

The incident beam momentum for all calculations was 0.8 GeV/c. Only events were accepted,
where the two outgoing protons in the start as well as in the stop detector had been registe-
red. Low energetic protons are stopped along the path length for about 10% of the events,
photons with high CMS energy however are detected if the start and the stop detectors are
placed in air instead of vacuum (see Figs.2-4). ‘

BB air (&)
&S vecuum (B)
% [ without mechanisms (C)

T T Y Y Y T E':iéeVl
Fig.2 Event statistics in the end-cap Fig.3 CMS photon energy in depen-
hodoscope layers normalized to case C dence on event counts after the third
31 - one proton was stopped in the first end-cap hodoscope layer (Q3)

layer;

Q2 - one proton was stopped in the se-
cond layer;

Q3 - both protons passed through the
third layer.

]

B
vacuum

Atafins]
2
Atoflns)
-4

T
Atoflns}

50 | so E
A0 40 E
36 30 B
20 20 F £
10 1w E
6 .
o8 o4z OB 012
E{GeV] ] “y1GeV)

Fig.4 CMS photon energy in dependen‘cé on the difference of the time
- of flight between the outgoing protons after the third end-cap layer (Q3)

REFERENCES: | ~ |
1] R.Brun et al.,GEANTS, CERN data handling division, 1987, DD/EE/84-1
[2] IKP Annual Report 1991, KFA Jiflich(1992) 3-7

" [3] General Monte-Carlo Phase-Space Program FOWL, CERN Program Library W505, 1972
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CALIBRATION OF THE ROSSENDORF
COSY-TOF-STARTDETECTORZX

A. ScuULKE, P. MicreL, K. MGLLER, A. ScEAMLOTT, B. NAUMANN, L. NAUMANN

Forschungszentrum Rossendorf, Institut fiir Kern- und Hadronenphysik
and the COSY-TOF Collaboration

The concept of the Rossendorf start detector developed for the COSY-Time-of-Flight-
Spectrometer TOF is described in [1,2]. The detector system has been designed and
constructed in the years 1991/1992 and is now being tested.
To fully use the distinguished properties of the COSY-ring (emittance ~ 1r mm mrad,
momentum resolution Ap/p = 107%) the start detector has to meet severe requirements
concerning the geometrical precision
- small distance (our choice: 4 cm) between the target position and the start detector to
minimize start time dispersion
- small ”beam hole” in the start detector (our choice: 1 mm radius) to get maximum
angle acceptance in forward direction ,
In Fig.1 part of the array is shown of the 2 X 16 scintillator segments (ring A and ring B). In
the first experiment (measurement of the ppy-bremsstrahlung / COSY proposal #9) the B-
ring will be operated as a veto counter to reject events arising from the elastic pp-scattering.
To avoid loss of veto particles a small overlap between neighbouring segments is required
whereas for ring A a small gap between the segments is tolerable. Also between ring A and
ring B a small overlap is required to make sure that even for finite size targets each ejectile
is registered at least by one of the two rings (except for a small loss of detection efficiency

due to the gaps of ring A). These considerations result in a scintillator segment geometry
shown in Fig.2.

Fig.1 Arrangement of scintillators
in the start detector

87
Y g
-
2% | st Ty e
Fig.2 Geometry of the A- and B- V Fig.3 Aﬂgﬂstemgnt artangement  for
scintillator-segments positioning of the light guides
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The light pulses from the scintillator segments are transmitted to thg photomultipliers by
hollow light guides (length 30 cm) described in paper [3]. The hollow light guides are attached
to the detector vessel by an adjustable three-point suspension mechanism. The adjustment
has to be performed with high precision (in the order of one tenth of a mm) to meet the
geometrical requirements mentioned above.

The mechanical adjustment proceeded in three steps:
1. At first a fictive beam axis was defined in the detector vessel and a theodolite was

adjusted to this axis. After that the hollow light guides were adjusted symmetrically
to this axis using a cross wire sight in front of the light guides additionally to the
theodolite. So the "beam hole” was fixed with an accuracy of 0.1 mm.

2. To adjust the angle between the beam axis and the symmetry axis of the hollow light
guides a laser beam was used (Fig-3). The hollow light guides must be adjusted that
way that the direction of the laser beam reflected from the pin shown in Fig.3 coincides
with the symmetry axis of the light guides. This can be controlled by observing the
laser light spot at the position of the PM.

3. In a third step the overlap was determined between the segments of ring B as well as
between the segments of ring A and ring B. To this aim a 90Sr B-source ( = 50 kBq)
was used. In an electronical set up (Fig.4) the coincidence efficiency was determined

‘which is 2 measure of the geometrical overlap of the segments. Additionally the energy
loss AE of the #-particles as well as the hit pattern of the events was determined by the
data taking syétém. A suitable 2-dimensional matrix representation of the hit pattern
is shown in Fig.5. One can measure three types of correlation pattern: B-B, A-A, B-A.
For the first two types the main diagonals of the matrices contain the single events
whereas the diagonals adjacent to the main diagonal contain the two-fold coincidences.
By comparing the number of coincidences of neighbouring channels with the number
of single events the geometrical overlap can be calculated. According to this result a
geometrical readjustment can be performed if necessary.

The accuracy of measuring the overlap between neighbouring scintillator segments is
Limited to about 10% since additionally to the true coincidences corresponding to the
geometrical overlap there are background coincidences originating from scattering of '
the source electrons on the foils of the hollow light guides.

To improve the accuracy of the result it is intended to remeasure the overlap at the
Raossendorf cyclotron using 13 MeV protons.
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REFERENCES:
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A PROGRAM FOR CALCULATION OF RELATIVISTIC
TWO AND THREE BODY KINEMATICS AND ITS
APPLICATION FOR THE INVESTIGATION OF THE

-~ PROTON-PROTON-Bremsstrahlung?*

B. NAUMANN, L. NAuUMANN, P. MicHEL, K. MOLLER, A. SCHAMLOTT AND A. SCHULKE

Forschungszenirum Rossendorf, Institut fiir Kern- und Hadronenphysik

The program AFKINE [1] was developed to investigate two and three body kinematics for
the spectrometer design of planned experiments with relativistic particles. The program
provides possibilities to calculate in an analytical way or to simulate the phase space by
a Monte-Carlo method. AFKINE has been written in FORTRAN and is available at the
CONVEX and the RISC 6000 machines of the Research Centre Rossendorf Inc.

Input parameters for nuclear reactions are names of participating particles and values of
incident beamm momenta. Qutput parameters are scattering angles, momenta and total
energies of reaction products in the Laboratory (LS) and in the Centre of Mass Systems
(CMS). The results are stored in an event data structure (n-tuple) which can be analysed
by help of the CERN Program PAW [2].

The formule for analytic calculations are based on Kajantie and Byckling [3]. Discrete input
values for LS scattering angles and momenta ranges of reaction products are given by the
user. Kinematically allowed regions for an investigated nuclear reaction can be inferred. The
phase space calculations are based on the General Simulation program FOWL of the CERN
Program Library [4]. The events are generated according to Lorenz-invariant phase space.
It is possible to store the results of this type of calculation for either the full phase space or
the detectable phase space of a given experimental setup.

To demonstrate calculations with the program AFKINE we used the Bloomington data {5]
for the Proton-Proton-Bremsstrahlung at incident beam energy Epeam 22 280 MeV, where
the outgoing protons were scattered symmetrically (01 ~ 0,). The angle of noncoplanarity
was constrained by trigger conditions to ¥ < 70°. The results are shown in the figure.

On the left-hand side of the figure analytical calculations have been compared with phase
space distributions for the LS photon scattering angle in dependence on the CMS photon
energy. The analytical shape gives an exact information on the location of the kinematically
allowed regions. For the evaluation of detector efficiencies it is necessary to calculate
the detectable phase space distributions of the reaction products. In this case the CPU
fime for the event accumulation strongly depends on the given solid angle and can be
substantially larger than for analytical calculations. In the chosen exampie 3 and 12 events
per second have been accumulated with phase space calculations for © = (6.0 % 1.2)° and
© = (10.8 & 1.2)° respectively. Approximately 4500 events per second have ’béen stored with
analytical calculations.

At the right-hand side of the figure the 1S s«:attenng angle distribution of high energetic
photons from phase space calculations has been compared with the Bloomington data {8l
The shapes of the calcnlations were normalized arbitrarily. The normalization gives a good

agreement of all three distributions, so it seems that this data can be mt@:preﬁeé using phase
space kinematics.
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CHARACTERIZATION OF 5-ELECTRONS
GENERATED IN THE COSY-TOF- SPECTROMETERB K

B. NAUMANN, L. NAUMANN, P. MicHEL, K. MOLLER, A. SCHAMLOTT AND A. SCHULKE

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik

The COSY-TOF-Spectrometer [1] consists of a large number of scintillation counters inside .
a huge vacuum tank. The generation of -electrons by particle beams crossing matter is
well known [2] and spectrometers with magnetic dipols or lenses bend them out of the solid
angle for particle registration [3].The COSY-TOF-Spectrometer does not contain magnetic
fields, so that the d-electrons could be registered in this setup. For discussion of background
it is necessary to analyse the influence of the é-electrons on the scintillation counter signals -
because the energy loss of relativistic electrons and protons is in the same order of magnitude. -
The considerations start with kinematical calculations of proton-electron elastic scattering.
Fig.1 shows the connection between proton and electron scattering angles in the labsystem.
The incident beam momentum varies from 0.8 to 1.8 GeV/c. All protons are strongly aligned
in the beam direction (@7 < 0.032°) outside of the scintillation counter area, whereas the :
§-electrons are dlstnbuted up to 90° in the forward hemlsphere

£ F 1.8 GeV/c 15GeVic 12GeVie 1.0GeVie 08GeV/c
@ o3 [
0.02 |
0.0t |
C N
\,-
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Fig.1 Connection of scattering angles for elastlc p-e-scattering
in the 1afbsvstem at various beam momenta.

For electrons the kinetic energy in dependence onthe scattering angle is shown in fig.2a.
Energy loss and radiation length of the electrons for a first éxperiment version of the TQF-
Spectrometer, where the start-stop flight path will be one meter in air have been ca}culated
with an algorithm given by Katz and Penford [4].

The sequence of the materials, seen by the electrons, which were generated in the middle of
the target is given in the following table: » '

| layer material thickness | TOF-Spectrometer | Label |
[mm] component

1 1} hquid hydrogen | 4.5 . target LHy
2 | scintilator 0.5 | start detector | start |
3 |air 1000.0 flight path . air
4 | scintillator | 50 |  stop detector Q4
5 | scintillator 50 | stop detector Qo
6 -| scintillator 50 | stopdetector | Qs




The energy loss of é-electrons for each layer and the complete material sequence are
demonstrated in figs.2b and 2c. In conclusion one can say, that most é-electrons, generated
in the target by beam protons with incident momentum Ppeam < 1.2 GeV /c do not reach
the second layer (Q2) of the stop detector for the material composition given in the table.
That means, they can be discriminated by trigger conditions, which demand a coincidence
of the start with two stop signals.
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Fig.2 Kinematical parameters and energy loss for §-electrons in the TOF-Spectrometer
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PRODUCTION OF K- MESONS IN PROTON-INDUCED
REACTIONS?

H. MULLER
Forschungszentrum Rossendorf, Institul fir Kern- und Hadronenphysik

The production of particles in proton-nucleus (pA) reactions at energies below the corre-
sponding threshold for free nucleon-nucleon interactions is a typical cooperative nuclear
phenomenon. The K~ channel is especially interesting, because due to strangeness conser-
vation each K~ is accompanied by a K+ meson and the produced mass amounts to nearly
1 GeV. This value is considerably larger than in the case of pion or K+ production.

In a recent paper [3] subthreshold production of K+ mesons has been considered in the
framework of the modified phase-space model. Here, these investigations are extended to
the production of K~ mesons. There are no data for K~ production, neither for elemen’t;iry
proton-proton (pp) nor pA interactions. Therefore, the available data for production of other
meson types in the energy region of interest are confronted with model calculations with the
aim to adapt the model parameters in such a way that predictions for unknown channels

become possible. The results are shown in Figures 1-3, where the majority of the data is
well reproduced. -
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For the deuterium target the region between the pd threshold at 1.7 GeV and the pp threshold
at 2.5 GeV is the subthreshold region, which can be populated only via nuclear effects. The
Fermi motion of the nucleons is taken into account by applying the Paris deuteron wave
function to describe the momentum distribution of the spectator in guasi-free collisions. The
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Fermi motion of the nucleons is taken into account by applying the Paris deuteron wave
function to describe the momentum distribution of the spectator in quasi-free collisions. The
other principal reaction mechanism is called cluster excitation and includes all processes with
both nucleons of the deuteron participating in the interaction. Such a cluster of nucleons is
treated as an entity, which interacts in the same way as a hadron. ,
From the calculation presented in the lower part of Fig. 4 it can be expected that up to about
100 MeV above the threshold there is a large probability that the produced K+K = pair
is accompanied by a 3He, while at higher energies the deuteron becomes the dominating
particle. The production of the KK pair consumes so much energy that no energy is left for
the relative motion of the remaining particles, and bound states are favoured.
The KK pair may be created directly or via resonances. However, the nature of the involved
resonances is-not well established at present. This concerns especially the £,(975) and the
a,(980) resonances. In agreement with the latest particle review [1] these two resonances are
treated as usual g quark-model states. But for the estimate of the total cross sections this
uncertainty-is not so important, because K+ K~ production via the $(1020) meson yields
the main contribution (see Fig. 4).

The planned 0° facility [4] at COSY is well suited for mvestlga.tmg subthreshold K- pro-
duction, and the ca.lculated €ross sectxons may serve as a basxs for estimating the expected
countmg rates. ‘
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Simulation of KT-Production Measurements at the
0°Facility?

M. BiiscHER®, S. DsHEMUCHADZE®, H. MULLER?, CHR. SCHNEIDEREIT?

@ Forschungszenirum Jilich, Institut fiir Kernphysik
b Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik

For the planned measurement of subthreshold K* production (COSY-Proposal Nr.18 {1])
an efficient first-level trigger is necessary in order to select the rare K events from the
background of pion and proton events. In Fig. 1 the expected spectra of protons, 7+ and
Kt mesons from the interaction of 1.5 GeV protons with carbon are plotted.

p(1.5GeV) + *C => (p.XK',7")

0"£0£10°
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100 il ! l
103
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Fig.1 Calculated differential cross sec- ' Fig.2 Schematic view of the detector ar-
tions for the production of protons, 7+ ~ rangement used for the calculations. The
and Kt mesons from the reaction p+ 2c 30 start counters have a width of 5 cm,
at 1.5 GeV incidence energy. while the width of the 32 stop counters -

varies between 7 cm and 15 cm.

In the momentum region around 0.5 GeV/c the ratio of the differential crass sections for
K+, proton and 7% production is about K+ : p : w+ = 1:102 : 103, It should be
stressed, however, that measurements also at energies “below 1 GeV are planned. Due to
the strongly decreasing K+ cross section the relatxon between kaons and the o‘ther charged
particles becomes then even worse.
The above estimate of the expected cross sections is carried out in the framework of the
modified phase space model [2], which is implemented in such a way that complete events
are generated. These events are used as input for the CERN program GEANT in order
to simulate the response of the detector arrangement, which is shown in Fxg. 2. This is a
simplified version of the arrangement suggested in the proposal with the multiwire chambers
omitted, since they will not be used for the first-level trigger. There are 30 start scintillation
detectors placed near the magnet and 32 stop detectors positioned in the vicinity of the
focal plane. A fast first-level trigger will use time-of- “flight and AE information from these
detectors to suppress the unwanted pion and proton events. Here we concentrate ourselves on
the time-of-flight measurement. Particles ejected in the angular acceptance region © < 10°
of the magnet may pass through different start counters on their ways to a definite stop
counter. Therefore, in the fast trigger the time-of-flight information from all these pﬂsszbie
combinations of start and stop detectors must be analysed.
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to the intensities. .

In order to give an impression of the expected results we show in Fig. 3 as an example the
time-of-flight spectra arising from combining hits either in start counter Nr. 14 or Nr. 18
with hits in the stop counter Nr. 25. For the time resolution of the photomultiplier a value
of 0.65 ns FWHM is assumed. ‘

We see the expected structure of the spectra with two pronounced peaks around 5 and-151ns - -
arising mainly from pions and protons. In between the K+peak is mach smaller and in the
Fig. 3a better separated from the pion peak than in Fig. 3b. In a next step windows in the
time-of-flight spectra are chosen such that practically no K+ events are lost. Now we scan
the events which ly in the time windows indicated in the ca.ptureb of Fig. 3 and look what
kind of particles have made the hits in the start and stop detectors. The result is shown in
the right hand part of the figure. Besides the true events where the hit in the start and in the .
stop detector has been caused by the same kaon there are other events originating either from
kaons which decay before they reach the stop detectors or from diﬁéreni; particles which e
the start and stop detector accidentally within the selected time interval. The portion of the.
true kaon events amounts to 23 % and 3.5 % for the two investigated déte'ctbr’ combinations.
These numbers can be considered as an optimistic estimate of the trigger éfﬁcienéy which -
can be reached on the basic of the time-of-flight information. At lo‘;vei' ihcider{ce énérgieS* :

however, the number of kaons drastically decreases and the ¢
Therefore, the first-level trigger must be improved by combin
AR i}}f{;gmgﬁcn and using a more complicated structure of th
and Cerenkov counters to suppress the pions. Appropriate
fion. |

rigger becomes less efficient. .
ing the time-of-flight with the
e stop detectors including veto
simulations are under prepara-
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Subthreshold production of K+ mesons and the fragmentation of the target
nucleus 4

(Z. Phys. A344 (1992) 197)

H. Miiller, M. Biischer and K. Sistemich

Abstract: The interplay between subthreshold K+-production and the fragmentation of the
target nucleus is considered in proton-nucleus interactions at projectile energies between
0.8 and 1 GeV. Inclusive data for the production of K+ mesons and of fragments are
well described in the framework of the modified phase space model. For a coincidence
measurement between K+ mesons and fragments the model predicts a decrease of the relative
yield of intermediate mass fragments by about four orders of magnitude. This strong decrease
is a consequence of emergy-momentum conservation, because at subthreshold energies a
second endothermic process like multifragmentation can hardly proceed simultaneously with
the K+ production. A K+ meson is, therefore, expected to be accompanied by a heavy
target residue, which is so weakly excited that it may evaporate a few nucleons but cannot
decay into fragments. Due to the large energy and momentum transfer in this process the

strength of the predicted effect is supposed to be sensitive to the details of the reaction
dynamics.
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A Three-Quasiparticle Band in 8 Rb
H.RoTter»?, J. DOrinG®, L. FuNke?, L. KAuBLER!®, R. SCHWENGNER!, G. WINTER!

1 Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphyszk
2 Arbeitsbeschaffungsverein Rossendorf
3 Department of Physics, Florida State University, Tallahassee, Florida, USA
4 Ingenieurgesellschaft IAF Dresden 5 KAI im Forschungszentrum Rossendorf

The investigation of high-spin states in 3'Rb was earlier started by bombarding a NH3Br
target of natural isotopic abundance with 27 MeV a-particles from the Rossendorf cyclotron
[1]. Especially, a level sequence built on top of the 2636keV level was established by these
experiments. The investigation of #Rb was completed by measuring the angular distribution
of the y-rays emitted from a Na’Br target (enriched to 98.6 %) during the a-particle bom-
bardment. The angular distribution coefficients of the transitions depopulating the 2697keV
state to levels with well-known spin and parity (see fig. 1) allow us to fix the spin value of the
initial state to 17/2. Among the intraband transitions the 61keV transition with 4;=-0.21(2)
appears clearly to be a dipole transition, whereas for the peaks at 300keV and 430keV being
complex due to unresolved dipole transitions from 5'Rb and 3!Kr, respectively, only some
total of 4, values can be given. Similar negative-parity 3qp bands have been found, e.g., in
the neighbouring isotopes ®*Rb and "Rb (refs. [2] and [3], resp.) as well as in the adjacent
isotones "Br and 33Y (refs.[4] and [5], resp.). A plot of the aligned angular momentum I,
as a function of the rotational frequency reveals for the 3qp band in 3 Rb a similarly large
value of I, as for the negative-parity 3qp bands; e.g., in "®Br and 33Y (see fig. 2). Such a
large alignment suggests that the negative-parity 3qp band in 3'Rb involves at least one gg /2

proton, while one of the unpaired neutrons is due to the go/2 shell and the other one can be
attributed to the negative-parity

orbits p1/2, 3y andfor fys,. : : REFERENCES:
o [1] W.Wagner et al., Annual report 1988,
ZK-667 (1989) 28
, ~ [2] W. Gast et al., Phys.Rev.C22(1980)469
g S92 . [3] 3. Déring et al., to be published

[4] R. Schwengner et al., NP A486(1988)43
[5] C.J. Lister et al., Z.Phys.A329(1988)413
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DCO Analysis of 4 Transitions in 83Br and 3°Rb

R. ScHWENGNERY, G. WINTER!, R. Wirowski?, N. NicoLaY?,
P. voN BRENTANO? AND W. ANDREJTSCHEFF3
1 Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik
2 Institut fiir Kernphysik der Universitat zu Koln
3 Institute for Nuclear Research and Nuclear Energy, Sofia, Bulgaria

In experiments with multidetector arrays the analysis of directional correlations of ¥ rays
from oriented states (DCO) is applied to deduce the multipole order of the 7 rays and the
spins of the emitting states. The DCO ratio is defined as Rpco = W (01,63, ¢)/W (02,61, ),
where W (8,03, ¢) denotes the intensity of a transition -y measured in a detector at the angle
6, relative to the beam, gated by a transition v; measured in a detector at 6;. The quantity
¢ is the angle between the two planes opened by the respective target-detector axis and the
beam axis [1]. The intensity W(6;,60:, ) describes the reverse case arising from an exchange
of the angles or of the gating and observed transition. A ratio of Rpco=1 is obtained if the
transitions -y; and <, have equal multipole order and are stretched transitions.

The nuclei #3Br and **Rb have been investigated in coincidence experiments with the detector
array OSIRIS CUBE at the tandem accelerator in Koln {2,3]. In order to deduce DCO ratios
the v-7 coincidence data were sorted into 8 E.- F., matrices that correspond to each detector
combination with 6;=45°, 6,=90°%, ¢=90°. Further 8 matrices were created from y-y-o
coincidence events. Coincidence spectra were extracted by setting gates on certain peak and
background intervals in the (45°,90°) and the transposed (90°,45°) matrices. To use the full

- statistics all 8 spectra related to a certain peak or background gate at one angle combination

were corrected for the energy-dependent efficiencies of the gating and the spectrum detector
and were added up. DCO ratios were then obtained from peak intensities in the background-
corrected sum spectra. Based on these values several spin assignments for new levels in *Br
and %5Rb could be made. Examples of DCO ratios are given in table 1.

Table 1: DCO ratios in 8Br and %Rb

E,(keV))  E,,(keV) Rpco=  L+® LY (Li- Iy
- gate analysed peak %
8Br 356 225 0.95(5) 1 1 1
356 572 1.02(6) - 1 1 1
356 1260 1.32(11) 1 2 2
- 609 225 0.59(5) 2 1 1
609 636 0.53(17) 2 1 1
609 1064 0.95(6) 2 2 2
“85Rb 228 192 0.97(4) 1 1 1
228 436 1.56(6) 1 1 0
228 779 1.64(5) 1 2 2
779 192 0.61(3) 2 1 1
779 1014 1.04(3) 2 2 2
779 1365 050(3) - 2 1 1

1) Transition with known multipole order and spin difference of initial and final state..
2 Mu}txpole order: Transitions with L = 1 can include admixtures of [ = 2.

REFEREN PES ‘ '
{1} A. Krdmer-Flecken et al., Nucl Instr. Meth. A275 (1989) 333

[2] R. Schwengner et al., Annual report 1991, FZR 92-09 p. 37
- [3] G. Winter et al., aohtributitm to this report
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Medium-spin States of negative Parity in 3°Rb

G. WINTER, R. SCHWENGNER, W. ANDREITSCHEFF® AND H. PRADE
Forschungszentrum Rosssendorf, Institut fir Kern- und Hadronenphysik
© Institute for Nuclear Research and Nuclear Energy, Sofia

R. Wirowski, N. NicoLAY aAND P. vON BRENTANO
Institut fiir Kernphysik der Universitdt zu Kéln

In connection with our in-beam experiments for the study of high-spin states in 85.86Kr via
the bombardment of 82Se with 32 MeV “Li ions [1,2] new -y coincidence data have also
been obtained for the nucleus #Rb that is formed after the emission of four neutrons from
the compound system. Using the 6 detector arrangement OSIRIS-CUBE at the tandem
accelerator in Cologne approximately 3x10® coincidence events have been collected. In order
to derive information on the directional correlations of coincident 7y rays from oriented nuclei
(DCO ratios) these data have been sorted in a total matrix and also in different submatrices
according to the observation angles of the detectors involved.

As a result of this study a new group of medium-spin states in #Rb has been established
that de-excite mainly to the 9/2% isomer but also to the 5/2 ground state. Due to the
decay pattern observed we assign tentatively negative parity to most of the new states. In
the previous level scheme [3] only two negative-parity states of spin I > 9/2 were known,
19/2™ and 21/2", and interpreted as the coupling of a proton in the ps/z or Js/2 orbital,
respectively, to the 8% two neutron-hole excitation.

The new levels may arise from the excitations of three protons within the negative-parity
~ subshell (fs;; pasz) and the two neutron holes might be coupled to 0%, 2+ or 4t. At higher
excitation energy two protons may occupy the ggsp orbital while a third remains in the lower
lying negative-parity orbitals.
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Fig. 1. Part of the level scheme of Rb showing the decay of the new medinm-spin states.
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Shell Model Study of 8°Kr

J. REIF, G. WINTER
Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphyszk
H. GRAWE, R. SCHUBART
Hahn-Meitner-Institut Berlin, Bereich Schwerionenphysik

Recently, high-spin states in the N=49 nucleus 8Kr were investigated via in-beam spec-
troscopy, and a new sequence of states built on the 17/2% s isomer with excitation energies
up to 4.8 MeV and tentative spins up to (23/2) was established [1]. A tentative assignment
of the configuration v0gg /21r(0g9 /211’3 /2 0r 0f2 /2) was proposed [1] to the new levels.

In order to verify this conjecture shell model calculations have been carried out employing the
code RITSSCHIL [2]. For the calculation of states with J > 9/2it has been assumed that the
energy levels up to 5 MeV can be described by coupling one neutron hole in the 0gg5 orbital
to the proton system. In the Kr nuclei the Fermi level in the proton system is close to the
1p3/, or 05/, orbitals, and the high-j orbital Ogg/, comes into play at high excitation energies.
Therefore the model space has been generated out of active 0f5/2, 1p3/2, 1p1/2, 0gg/2 Proton
(w) and 0Ogoy, neutron (v) orbitals relative to a ®*Ni core. The effective interaction in the
proton shells has been taken from the work by Ji et al. [3]. For the nv-interaction connecting
the w(1py/2,099/2) and v0gq/2 orbitals the data given by Gross et al. [4] have been used. The
matrix elements of the vv-interaction for the 0g9/2 orbital have been assumed to be equal
to the T=1 component of the wv-interaction given in [4]. For the (70fs/o,v0gq/7) residual
interaction the matrix elements proposed by Li et al. [5] have been applied. The remaining
two-body matrix elements have been calculated with the modified surface delta interaction
using the strength parameters Ap—;=Ar1-0=0.35MeV. The single-particle energies relative
to the %8Ni core have been derived from the single-particle energies of the proton orbitals
with respect to the 7®Ni core [2] and from the neutron single-hole energy of the Ogqg /2 orbital
relative to the 3Sr core [3]. The transformation of these single-particle energies with respect
to the 58Ni core has been performed on the basis of the residual interactions given above. The

obtained values are, in MeV, €7 = = =9 806, €., = —9.733, ¢, p = —3.023, €5ora g = 1 .226,
€gopp = —0-583.

Following Ji et al. [3] a truncation of the proton model space has been used where at most
four protons are allowed to occupy the Ogg/, shell, and no restrictions are assumed for the
other considered proton orbitals. The coupling of the neutron hole excitation in the 0992
shell to this restricted proton space yields a model space which has dimensions up to 10000.
The result of the calculation of level energies is shown in Fig. 1 together with the exper-
imentally observed levels. The excitation energies of all experimentally known yrast states
with I™ > 9/2% or I > 15/2 are well reproduced in the calculation. In particular, the
small energy separation observed between the 13/2% and 17 /2% yrast levels is also predicted
by the shell model. The analysis of the calculated wave functions reveals that the 11/2%,
13/2% or 15/2%, 17/2% states are predominantly formed by coupling the neutron hole to
the lowest 2% or 4% states of the proton system, respectively, as ‘ind‘icated by the dashed
lines in Fig. 1. Similarly, the 15/2~, 17/2~, and 19/27, 21/2~ states result mainly from
the coupling of the neutron hole to the 5~ and 6~ proton states, respectively. The lowest
7~ proton state dominates in the wave function of the 23/2~ level. Because the main com-
ponents of the wave functions of the 5~ and 67, 7~ levels are given by the configurations

‘(f5/2’?3/2*gsjz) (fsfzﬁi’sfz:gg]z) and (fsjz’p:-;/g) 99/2) respectively,. the shell model predicts

the proposed configuration v0gg jzvr((}gg ;21173 200 0 f, /2) [1] to the states on top - of the 17/2*%
isomer.
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In addition, B(E2) values have been calculated using effective charges of 1.35e and 0.35e
for protons and neutrons, respectively. The value B(E2,13/2t — 9/2+)=2.06 W.u. is in
agreement with the experimental value of 2.843:4 W.u. [6] whereas the value B(E2,17/2% —
13/2+)=0.56 W.u. is too small compared to the experimental result of B(E2, 17/2% —
13/2+)=3.8+1.8 W.u. [7].
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Fig.1 Comparision of experimental {column 1) and calculated (column 2) level energies of
85Kr. Out of the calculated levels only the yrast states with I™ > 8/2% or I > 15/2~ are
- shown. The calculated level energies of the lowest states of the Z=36 proton system (38Kr)

are shown in the third column. For each calculated energy level in 85Ky, the proton state
coup]mg dominantly to the neutron-hole excitation is mdlcated by a dashed line.
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The Odd-Mass Valence Mirror Nuclei 13Sng; and *4Eug, 50
L. KiuLer™?, H. PraDE!

1 Forschungszentrum Rossendorf, Institut fiir Kern- und Hadronenphysik
2KAI e.V. Wissenschaftlerintegrationsprogramm

Assuming *3Sn and *°Eu as semimagic nuclei with closed N=50, Z=50 or Z=50, N=82
cores, respectively, the 13 active neutrons or protons should occupy the same shell model
orbits. Such pairs of nuclei are denoted as quasimirror nuclei [1] or valence mirror nuclei
[2]. As a consequence of the charge symmetry and charge indepedence of the nuclear forces,
shell model calculations for both nuclei using the same single-particle energies and the same
residual interaction give identical results. But, for real calculations different shell model
parameters for tin nuclei and N=82 nuclei have to be used to obtain optimal correspondence
between theory and experiment (cf. the corresponding table in Ref. 1p.

As a result of our comprehensive study [3] of 1138n its experimentally observed yrast states
are cornpared with the corresponding states in B (Fig.1). Like in the hitherto compared
pairs of even-even valence mirror nuclei in this region, remarkable similarities are observed.
The negative-parity states with 11/27 < J™ < 23/2™ have nearly the same level sequence
and within 250 keV similar excitation energies. In both nuclei 25/2+ and 27/2* states are
found at nearly the same energy which should have vih?, /2 components. Furtheron, in both
nuclei no comparable positive-parity states with 7/2% < J* « 25/2% are observed. For the
1/2%, 3/2% and 5/2% states characterized by the occupation of the 3s1/2, 2d3/p and 2ds/s
shell model states large differences are found. On the other hand, the 11/2~ states based on
the 1hy;/, orbit agree very well.

The observed similarities seem to be in contradiction to the different shell model param-
eters used for the tin and N=82 nuclei. To explain this discrepancy, the influence of the
extra neutron core between N=50 and 82 in the N=82 nuclej has to he considered [4]. The
monopol proton-neutron residual interaction, e.g., is most attractive for the similar orbits
n1ggss and vlgy/, causing a different behaviour of the g, /2 - ds/, splitting in tin and N=82
nuclei. Thus, even if the underlying single particle energies are different, the mirror similarity
can persist. The comparision of 1381 and M5Eu confirms the difficulty with the assumption
of neutron:proton symmetry in the valence mirror nuclei.
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the corresponding levels in*Eu
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Yrast Spectroscopy in the N=82 Nucleus *?Nd ?

H. PrADE, J. DOrinGY, W. EngaarDT?, L. FUNkE®, L. KAUBLER?,
'R. SCHWENGNER AND G. WINTER

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik
! Department of Physics, Florida State University, Tallahassee, Florida, USA
2K AT im Forschungszentrum Rossendorf  3Ingenieurgesellschaft IAF Dresden

R. Wirowski, J. YaNn, P. PeTkov, A. DEWALD, A. GELBERG AND P. VON BRENTANO

Institut fir Kernphysik der Universitdt zu Kdln

In-beam studies of multiparticle excitations in the N=82 nucleus 142Nd had been
independently started at the same time in the former Central Institute for Nuclear Research
in Rossendorf and at the University of Cologne. Preliminary results of these investigations
have been published in Zeitschrift fiir Physik [1,2] and earlier annual reports [3,4].

With respect to the close collaboration between the spectroscopy groups in Cologne and
Rossendorf, well established especially during the recent years, we decided to combine our
earlier results up to an excitation energy of about 6 MeV, where they are overlapping, in a
common final publication being in preparation. '

Our major activities and results can now be summarized as follows:

Excited states of *4?Nd have been studied in the reactions *°Ce (,2n) **2Nd, ***La ("Li4n)
142Nd and 13°Te (1°0,4n) 1*?Nd. Using in-beam spectroscopic methods energies, intensities,
excitation functions, vy -coincidences, angular distribution and linear polarization of -y -rays
as well as y-ray time distributions relative to the beam pulses have been measured at the
beams of the Rossendorf cyclotron and of the tandem accelerator in Cologne.

In Fig. 1 the level scheme of ¥42Nd as deduced from our experimental results is shown up to
an excitation energy of 5747 keV and spin values up to 14 fi. Altogether 33 new levels have
been established and for five of them nanosecond Lifetimes have been determined (indicated
also Fig. 1).

The experimental data on excitation energies and electmmagnetlc properties of even-parity
142Nd levels are compared with predictions of the spherical shell model. Odd-parity states
of 1?Nd are interpreted in terms of a particle-core ooupling approach by coupling one 1hyy
proton to w = +1 shell-model states in *41Pz.

As shown in [3] the experimental level energies are generally predicted a bit too small,
while the sequence and the spacings of the levels are well reproduced. A similar good
agreement beiween theoretical and experimental values was found with respect to the half
lives, branching and mixing ratios. Thus, it can be stated, that the shell-model approach
applied in the present studies is capable of describing the mean features of positive- and
negative-parity states up to an excitation energy of 5.5 MeV.
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Evidence for new isomers and band structures in 3°Rb
(Physical Review C46 (1992) R2127)

J. Déring, G. Winter, L. Funke, B. Cederwall, F. Lidén, A. Johnson, A. Atac, J. Nyberg,
G. Sletten and M. Sugawara

Abstract: Excited states in the doubly odd nucleus 8°Rb have mainly been studied via the

68Zn(1°F,a3n) reaction at 72 MeV beam energy utilizing the NORDBALL detector system.

The level scheme has been extended up to a (15%) state at 4446 keV excitation energy. In the

low-spin region seven new isomers with lifetimes in the nanosecond region have been found.

In addition; a 6% isomer with a half-life of the order of us has been identified at an excitation -
energy of 494.4 keV. For the level sequence built on this isomer positive parity is suggested -
and the states are ascribed to the intruder two-quasiparticle configuration (79972 @ vg9/2)
and collective excitations.

Classical phase-space structure of the single-particle motion in cranked potentials
(J. Phys. A25 (1992) L115-1120) '

J. Reif and R. Reif

Abstract: The phase-space structure of the single-particle motion in three-dimensional
cranked Buck-Pilt potentials of lemniscatoidic shape has been investigated in terms of
Poincaré surfaces of section, the mean value of positive maximal Ljapunov exponents, and the
chaotic fraction of phase space as a function of the rotational frequency. Due to the rotation

a partial regularization of the particle motion was found for certain values of deformation
and frequency.

A new sequence of high-spin states built on the 17/2% isomer in 8Kr
(Z. Phys. A344 (1992) 229)

G. Winter, L. Funke, R. Schwengner, H. Prade, R. Wirowski, N. Nicolay, A. Dewald and
P. von Brentano

Abstract: High-spin states in ¥Kr have been studied via in-beam spectroscopy by
bombarding a 52Se target with 32 MeV 7Li jons. Since ®*Kr is only formed with a small
relative cross section proton-y-v coincidence techniques have been applied to enhance the 7y
rays of #°Kr, even with respect to those of 8Kr, in the measurements. A new sequence of
high-spin states with excitation energies up to 4.8 MeV and tentative spins up to (23/2) hes
been established on top of the 17/2% s isomer. A tentative assignment of the configuration
yg“;‘/l2 7(gs/2 ’p;/lz or 1;1,12) to the new levels is proposed.
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The half-life of the 1437 keV 11/2~ state in ¥ Mo
(Z. Phys. A342 (1992) 145)

L.G. Kostova, W. Andrejtscheff, L.K. Kostov, L. Funke, E. Will and A.I. Vdovin

Abstract: Using the (o, n) reaction, the half-life of the first 11/2 level in "Mo has been -
determined as T}/5(1437.0 keV)=2.540.3 ns by means of the pulsed beam method. The

experimentally obtained B(M2) value between the hy; /; and g7/, configurations in 9’Mo has -

been satisfactorily described within the quasiparticle-phonon model using g2 f=0.6 gime.

Similar calculations and comparisons with experimental data. have been performed also for ,
95.9Mpo as well a5 for °Ru and 19'Pd.

High-spin states in the N = 50 nucleus %¢Kr
(Z. Phys. A343 (1992) 369)

G. Winter, L. Funke, R. Schwengner, H. Prade, R. Wirowski, N. Nlcola.y, A. Dewald a.nd
P. von Brentano

Abstract: High-spin states in the N = 50 nucleus ®Kr have been investigated via the
82G¢(7Li,p2n) reaction using 32 MeV 7Li ions. In order to suppress y-rays arising from
pure neutron evaporation the measurements of angular distributions and relative exeitation
functions of the y-rays as well as vy-y coincidences have been performed in particle-y
coincidence modes. Levels with excitation energy up to 7.9 MeV and tentative spins up
to (12) have been established. On the basis of systematics tentative assignments of shell
model configurations are proposed. :
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Status of the 4n-Fragment Spectrometer FOBOS B

"~ H.-G.OrTLEPP}2?, M.ANDRASSY?, G.G.CHUBARIAN!, M.DANZIGERYS,
L.DierTeRLE?, A.S.FomicEEV!, P.GirpNErY2, C.-M.HERBACH!?, A.I.IVANENKO!,
I.V.Koresov!, A.MarTHIEs»?, D.MAY*?, YU.TS.OGANESSIANY,
Yu.E.PENiONZEKEVICH!, V.N.PokrOVsKII!, G.RENz}?, L.A.RUBINSKAJAL,
V.E.Srucrko!, O.V.STREKALOVSKII}, V.V.TROFIMOV!, V.M.Vasko!, K.HEIDELZ,
K.D.ScuiruiNG?, W.SeipEL?, H.SoDAN?, W.WaceNER?, H.Fucas®, D.HiLsCHER®,
H.HoMEYER®, W.v.OBRTZEN®, G. Pauscu®®, P.Zigm®

1Joint Institute for Nuclear Research, Dubna
2 Forschungszentrum Rossendorf e.V. 3Technische Universitat Dresden
4 Zentralinstitut fiir Kernforschung Rossendorf
5 Hahn-Meitner-Institut Berlin ®Freie Universitdt Berlin

‘The FOBOS spectrometer is intended for heavy ion reaction studies in the bombarding
energy range of 10...100AMeV [1-3]. In its final stage it will consist of a "gas ball” of
30 position-sensitive avalanche counters (DGAC) and 30 axial ”Bragg”ionization chambers
(BIC) behind them. A shell of 210 CsI(T1) scintillation counters surrounds the gas ball. As
forward detector, the ARGUS phoswich array [4] is planned to be used.
At present (February 1993), the components for 256 DGAC’s are completed, 9 DGAC’s are
assembled and tested with an alpha source. Most of the BIC components have been delivered
and are being assembled. All photomultipliers and the first 37 CsI(T1) crystals have been
obtained, remaining construction elements of the 210 scintillation counters are to be delivered
soon. All pumps, valves, flow and pressure control units of the evacuation and gas supply
system are mounted and checked for leaks [56]. The whole system equipped with 6 modules is
now in the test phase. A basic software for control and diagnosis has been written. In 1992,
 further equipment for the front-end electronics has been received. 6 DGAC + BIC channels as
well as the first-level trigger are prepared for experiments. The software for the data transfer
from CAMAC via VDB-bus, an Eurocom-6 VME station and Ethernet to a VAX computer
has been developed and implemented into the HOOPSY data acquisition system [6]. The
~ whole system has been applied successfully in an experiment at VICKSI [7]. This new hard-
and software enabled us to increase the data accumulation rate up to 1200 multi-parameter
events per second. For the data analysis, a work station has been installed in Dubna where
the OLYMP system [8] is running. Simulation and analysis procedures taking into account
the geometry and individual properties of the FOBOS detectors have been further developed.
The response to binary fission and multifragmentation has been simulated in order to study -
problems of acceptance, double hits and others. Trajectory calculations have been performed
in order to simulate the proximity effect in the IMF (intermediate mass fragment) emission
and the influence of the FOBOS geometry on the measurement of relative velocities.
During 1992, experiments with gas-filled detector modules at the ”mini”-FOBOS set-up,
installed at the U-400 heavy ion cyclotron in Dubna, have been continued. Some results -
concerning near-barrier reaction cross sections (4.3 AMeV **Kr on *%$n and 1'8Sn) and
fission after incomplete fusion (10 AMeV “CAr on *%*Pt) are presented in contributions
{9,10]. The independent mass determination based on the TOF-E method for each detected
reaction product - one of the basic design features of FOBOS - enabled the data analysis
without any additional assumptions. The interactive data analysis procedure [3], which takes
into account all energy losses the particle suffers before reaching the sensitive volume of the
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jonization chamber, has been further improved. Systematic errors and limitations of this
method as well as their influence on momentum balances have been studied. If the full
dynamic range is covered, the overall mass uncertainty (o) does not exceed 2 amu for IMF’s
and 5 amu for FF’s (fission fragments). For narrow ranges it becomes about twice better. In
an 21 AMeV 2°Ne on 232Th experiment, backward emitted FF’s leaving the target with only
0.35 AMeV have been detected with an estimated mass resolution of 8%. IMF’s up to 2%Fe
have been resolved with regard to Z applying our digital Bragg pea.k spectroscopy method
[11].

Prototypes of the large-area (@ 200mm) CsI(T1) crystals [12] of the FOBOS scintillator
shell have been tested successfully in Dubna and at GANIL. The energy resolution and the
identification capacity achieved practically correspond to the best literature data obtained
so far with small crystals. '
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Nuclear Reactions at the Coulomb Barrier
Induced by Kr (4.3 AMeV) on %Sn and *%Sn ?

C.-M. HerBacH!?, M. ANDrAssY"?, G.G. CHUBARIAN!, P. GIPPNER!Z,
A. MatTHIES'?, H.-G. OrTLEPP!?, G. RENz!?, K.D. SCHILLING?

1 Joint Institute for Nuclear Research, Dubna
2 Forschungszentrum Rossendorf e.V.

In the course of testing the detectors of the 4w-fragment spectrometer FOBOS [1], the
reactions 34Kr on 1*Sn and 1'8Sn have been investigated at the U-400 cyclotron of the JINR
Dubna with an incident beam energy slightly above the Coulomb barrier. Two gas-filled
detector modules were coupled to the reaction chamber at the angles of ¥; = 452, ¢, = 270°
and 9, = 45° ¢, = 90° with respect to the beam axis and covered apertures of
Ady = £+ 13.4° and AYJ, = = 16.9°. Each of the modules consists of a position-sensitive
double-grid avalanche counter (DGAC) and a Bragg ionization chamber (BIC) behind it.
Whereas the elastic projectile scattering at the lighter target ingredients (Al, O etc.) is
effectively suppressed by the kinematics, this geometry has a high acceptance for elastically
scattered recoils (ESR) as well as for reaction products (RP) emitted from an intermediate
system. In order to obtain start signals for the time-of-flight measurements independently for
both detector modules, two small parallel-plate avalanche counters (PPAC) were positioned
near the target. ‘ o
The calculation of particle mass and emission energy is based on the analysis of the time-of-
flight (TOF) and of the residual energy (EBIC). Thereby, an iterative procedure [2] considers
the large amount of energy loss of the charged partlcles that have to pass through 7 mylar
foils with a total areal density of 1.7 mg/cm? before they reach the BIC volume. The
resulting mass resolution for the scattered Kr and Sn of FWHM = 8 amu is dominated by
the experimental resolutions FWHM(TOF) = 0.5 - 0.7 ns and FWHM(EBIC) = 2 - 5 MeV.
According to the VIOLA systematics (3], the RP events differ from those of ESR in a
reduced TKE what corresponds to a decrease of the relative velocity (VREL) of the associated
particles (from 2.9 cm/ns to about 2.45 cm/ns) and a shift to smaller folding angles by about
5°. However, resulting from the angle straggling of 2° - 4°, an overlap of the RP exists within
the polar detection angle distribution ¥, — ¥9;, especially within the region of ESR events
with higher 3*Kr energies.
The RP identification was performed by data analysis with the ATHENE code {4]:
1. Random coincidences ‘and events from higher-energetic %Kt projectiles are
discriminated by windows within the TOF-EBIC plots. ' o o
2. Only those events are considered that fulfill the coplanarity x:.onchtlon for binary events V
(¢2 = @1 — 180°) within + 2.5°,

3. Events with reduced TKE are selected within the TOF; - TOF; plot.

4. After data sorting by the restrictions above, a window is created within the ¥ — 93
distribution, which contains the RP events and a strongly reduced ESR portion.
5. ‘The remaining events are concentrated in a TKE - VREL plot within two separated
groups (fig.1).
The efficiency of this procedure is demonstrated in the Py = By dastnbutmm Whereas the
selection window is extended widely into the ESR region of the unsorted data {fig.2), the
finally selected events are located homogeneously inside the window wathou% any sharp brgak—
off at the boundary (fig-3). '
Total cross sections have been deduced from the RP/ESR zratms {Ag4). Unfortunately,
the beam energy in the present experiment is known only within an uncertainty of
about + 15 MeV. However, using the parametrization from ref. [5] to estimate the fusion
cross section, the value at the upper limit of 250 mb agrees with our data. The total RP



cross sections concerning the reactions at 1'Sn and *8Sn differ from each other in the ratio
of about 5 to 1. The analysis of the RP mass distributions (fig.4) in dependence on the
folding angle 9; 4 ¥» indicates that this behaviour is correlated with an additional reaction
component, which produces fragment masses nearby those of Kr and Sn.

A corresponding component was not found for the *'®Sn measurement. By sorting the
selected events of the 1%Sn runs by the additional requirement 9¥; + ¥; < 90°, the mass
distribution of the remaining events becomes more flat but is still more extended and contains
about twice the intensity of the RP from '8Sn.
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Model Independent Balance Analysis of Fission Fragments
Produced by “°Ar + '**Pt at Energies of 5.5 AMeV and 10 AMeV ?

H.-G.OrTLEPP™?, M. ANDRASSY'?, G.G. CHUBARIAN', P. GIPPNERYZ,
C.-M.HerBACH'?, A. MaTTHIES'?, G. Pavuscu?®, G. REnz!?, K.D. SCHILLING?

1 Joint Institute for Nuclear Research, Dubna
? Forschungszentrum Rossendorfe.V. 3 Freie Universitat Berlin

Experimental investigations concerning the fission of heavy systems after incomplete fusion

are often based on the measurement of the fission fragment folding angle. Most of ‘the

experimental data are successfully interpreted within the frame of the naive Massive Transfer

Model (MTM): The whole excitation energy is deposited into the fused nucleus. The nucleons

of the projectile that are not coupled to the compound system cannot take part in the

momentum and energy transfer.

However, the direct experimental determination of the masses and velocity vectors of the

fission fragments event by event allows to analyse the data independently from the MTM. On

average, the velocities are not influenced by the neutron emission, and the fission fragment

mass ratios are equal before and after evaporation. With these assumptions, the fission

after incomplete fusion can be described as a sequential process. Within the frame of a

pure kinematical picture, the correlation between the mass and the momentum transfer can

be studied and the number of evaporated neutrons can be estimated as a measure of the

excitation energy deposited [1]. -

Our measurements have been performed at the heavy ion cyclotron U-400 of the JINR Dubna

by bombarding '%*Pt with “*Ar at incident energies of 5.5 AMeV and 10 AMeV. From the

two large gas-filled modules of the Mini-FOBOS set-up [2,3], that were positioned under the

angles of 9; = 105°,¢; = 270° and 9, = 45°, ¢, = 90° with respect to the beam axis, for

each of the recorded fragments the time-of-flight (TOF), the residual energy (EBIC) and the

detection position (X,Y) were derived. The start signal was generated by a small parallel-

plate avalanche counter, which has been positioned near the target and covered the cone of
the forward module. In order to detect the remaining part of the projectile after incomplete

fusion, an additional small avalanche counter was placed into the reaction chamber under

an angle of J3 = 20°, 3 = 270°. The mass and the emission energy were calculated for each

single fission fragment independently by the TOF-EBIC analysis {4].

Qualitatively, our data agree with the results obtained in similar experiments [5,6]: At 5.5

AMeV the fission always occurs after complete fusion, but at 10 AMeV the recorded events

accumulate into two groups corresponding to a large and a small momentum transfer. These

two groups are well separated in fig.1, where the total momentum P = P31 4 P2 is shown

with its component para.llel to the beam P, and the transverse P,~coordinate (¢ = 90° in

the definition of our lab. system). Compared to the estlmated experimental resolutions

of FWHM(P,) ~ FWHM(P,) ~500 MeV/c, the widths of the measured distributions

displayed in fig.1 are more than a factor of 2 larger resulting from neutron evaporation

and transverse momentum transfer.

The mass and the momentum transfers (fig.2) were calculated for each of the fission events

individually. While the mean total fragment mass (fig.3) was determined to be 207 + 5
amu and 217 £ 5 amu (10 AMeV, neutron evaporation corrected) for the above two groups
of momentum transfer, the mean values of the mass as well as the momentum transfer for the
corrgsponding two event groups amount to 40 % and 80 %, respectively (fig.2). {Note that the
response of our set-up at 10 AMeV bombarding energy decreases drastically for momentum
transfers near 100 %). Generally, the direct proportional correlation as predicted by the
MTM is confirmed. For about 2 % of the accumulated events, a third particle was detected.

In correspondence with the position of the additional forward detector, the P, y-component
of these events turns out to be positive.
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For the measurement at 10 AMeV, the mean values of the relative fission fragment velocity
Urer Tesult in 2.31 + 0.15 cm/ns (2.46) and 2.51 + 0.15 cm/ns (2.61) concerning the event
groups with small and large momentum transfer (fig.4). The values in brackets are estimates
using the VIOLA systematics [7]. The mean number of evaporated neutrons deduced event by
event from the mass, energy and momentum conservation was compared with the estimates
of the MTM using the TKE from [7}. Our respective experimental values of 3 + 6 and
9 4 6 are smaller than the theoretical estimates by about 6 units. However, although it
seems to be difficult to obtain the predicted absolute values, the difference of the neutron
numbers between the two groups is reproduced correctly. This is of particular importance
for the analysis of events with higher multiplicities, where the folding angle method cannot
be apphed namely to possess a filter of excitation energy.
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Extension of the ARGUS Phoswich Array by a FOBOS
Gas-Detector Module and Test of the FOBOS Data-Acquisition System B

G. Pausca!, J. Kricer?,W. SEIDEL?, W. WAGNER2
C.-M. HErBACHS, A. Mu'rnms" H.-G. OMLEPP3 W. SrucHKO®, W. TROFIMOVS,
H. Fucns‘ H. Homwmx4 G. Roscmm‘r4 A. TuTaY?, P. Zigm*
A. BunzAnowst‘ A. SIwek®, L. ZRODLOWSKI®

1 Freie Universitat Berlin, ’Forschungzentmm Rossendorf e. V.,
3 Joint Institute for Nuclear Research, Dubna, * Hahn-Meitner-Institut Berlm,
§ Institite of Nuclear Research, Krakow

An experiment carried out in 1991 at VICKSI showed that the detection of intermediate-mass
fragments (IMF) at backward angles is an efficient trigger to study processes with high energy
dissipation in heavy-ion collisions where lighter pro jectiles are incident on heavy target nuclei
[1]. Tt is interesting to analyse mass, velocity, and angular distributions of projectile residues
in coincidence with such IMF or in coincidence with binary fission products (f) where the -
excitation energy of the ta.rget~hke or incompletely fused system can be estimated from the
folding angle.

To prepare a corresponding experiment for the system 32S(960 MeV) +%7An (which has

already been studied at the HMI [2]), we extmded and modxﬁed the ARGUS multidetector
set-up [3]: '

1. A prototype (4] of the FOBOS detector modules [5)], consisting of a position-sensitive
doublegrid avalanche counter (DGAC) and a Bragg ionization chamber (BIG) of 24 cm
depth, was mounted at < @, >=123°. For this purpose a new backward hemisphere
for the ARGUS reaction chamber was constructed and assembled in Krakow.

. Eleven of the phoswich detectors in the horizontal plane were replaced by silicon de-
tectors of 450 to 1000 um thickness, A registration of energy and time-of-flight then

allows to measure mass distributions of IMF (slow projectile residues) and fission frag-
ments at selected forward angles.

A test Tun was carried out in Dezember 1992, using the VME-based data-acquisition system
which had been developed for the FOBOS detector [6]. We obtained & maximum data acgui-
sition rate of ~1200 events/s with ~ 25 parameters/event on average. An estimate based
on few hours of data collection with a 500 gm/cm? Au target results in a ff coincidence
rate of a2 4000 per hour including all possible pairs of silicon detectors (folding angles up to
138°) and in a ff coincidence rate between BIC and one of the silicon detectors of =~ 700 per
hour (folding angles larger than 117°) which should be sufficient to analyse the properties of
projectile residues as a function of the dissipated energy.
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Yields for ]?MF-Productwn of the Reaction 32S(960 MeV)+1°7Au
J Kricer', G. Pausce?, W. SEIDEL1 W. WaGNER?!

1 Forschungszenirum Rossendorf e. V.,  Freie Universitat Berlin

In order to study the production of intermediate mass fragments (IMF) in the reaction
325(960 MeV)+197Au [1], 2 prototype [2] of the FOBOS-detector modules (FM) [3] had been
mounted under a backward angle of 123° to the ARGUS-multidetector array [4].

The yields of IMF measured with the BRAGG ionization chamber (BIC) (covering a solid
angle of 37 msrad) amounted to 1% of the registered total reaction yield. Fig.l shows the
charge spectrum of selected particles, that were stopped within the BIC and gave their full
BRAGG-pezak signal (SP). High energetic IMF penetrating the BIC (FP) as well as low
velocity particles not reaching their BRAGG-peak maximum are neglected. Values of IMF
production yields, for SP and FP are shown in fig.2. 7

The charge resolution is sufficient to separate adjacent charges from He up to Ar with a
precision better than 0.3 charge units. The detection threshold of the avalanche counter
of the FM leads to a suppression of energetic light IMF, whereas the detection efficiency
for heavier IMF is suggested to be 100%. The decrease of yields for higher Z-values is in -
correspondence with the mass distribution [5].

Further conclusion needs in an efficiency correction for the avalanche counter of FM; inves-
t1gatmns of this item are also of great mportance for FOBOS experiments.

Yield

1000 §
3 . msp
Yield } , o Fp
500 - ﬂ._ ]
R |
W% B e 2 6 1701“'11.} 8
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Fig. 1. Charge spectrum (see text) Fig. 2. Yields for SP from BRAGG-peak -
| analysis and FP identified by tlme-of- o
flight analysis
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Velocity correlations of intermediate mass fragments produced
in central collisions of Au + Au at E = 150 A-MeV?

B. Kimpfer!, R. Kotte, J. Mosner, W. Neubert, D. Wohlfarth
Forschungszentrum Rossendorf, 0-8051 Dresden, PF 19, Germany
and the FOPI collaboration
GSI Darmstadt, Univ. Heidelberg, CRN Strasbourg, LPC Clermont-Ferrand, INFN
Florence, IPNE Bucharest, CRIP Budapest, Univ. Mainz, ITEP and IAE Moscow,
IEP Warsaw, RBI Zagreb

Nuclear intensity interferometry supplies informations on disassembling excited nuclear mat-
ter produced in heavy ion collisions. The space-time structure of the source which emits
the reaction products can be explored by analyzing velocity correlations. In the final state
intermediate or heavy fragments mainly obey Coulomb interaction. The Coulomb repulsion
‘hinders the proximity of such fragments in momentum space. Therefore, the appearence
of small velocity differences of neighbouring fragments is suppressed, in particular for small
and/or short-living sources.

Here we present experimental data and first interpretations of velocity correlations of inter-
mediate mass fragments (IMF) in central Au + Au collisions at beam energy ¥ = 150 A-MeV.
The data were taken by the high-granular, azimuthally symmetric component ”outer plastic
wall” of the FOPI detector system [1] at the heavy ion synchrotron SIS of GSI Darmstadt.
For more informations on event characteristics and one-body IMF observables see refs. [2,3].
Let be Y;(%1, %) the coincidence yield of IMF pairs with charges Z; » and velocities T2
Then the two-particle correlation function is defined as

Eevents,pairs Y12('1_;1 ’ 52)
Zevents,pairs YlZ,miz(‘ﬁl, {;'2) ?

1+ Ryp(51, %) = N (1)
where the subscript ”mix” means event mixing, A is a normalization factor fixed by the
requirement to have the same number of true and mixed pairs. The correlation function
(1) is projected onto the hypersurface v;5 = |72 = |#1 — D2|. Displaying 1 + R vs. ¥peq =
vi2/V'Z1 + Z3, instead vs. vy5, we find that different charge combinations result in rather
similar curves [4]. This scaling, predicted in ref. [5] and first verified experimentally in
ref. [7], is used in what follows. Fig. 1 displays our experimental results for all events
. In multiplicity bins PM3 (17 - 24), PM4 (25 - 32) and PM5 (> 33). In the region treq <
0.02c the mutual Coulomb repulsion causes the pronounced Coulomb hole. Additionally,
- we find an enhancement of correlations at v,.g ~ 0.025¢ (see squares in Fig. 1). When
rotating all events into a unique reaction plane the enhancement vanishes (see dots in Fig. 1).
- This indicates the importance of the reaction plane and carefully determined event mixing
conditions, Therefore, the correlation function (1) seems to be affected Stmﬂgly by the
directed flow,
In order to understand the experimental results and their global dependences we run dif-
ferent simulation codes (including detector filter). The interpretation mainly relies on cal-
culations of the Coulomb trajectories of the charged particles which are initially randomly
(non-overlapping and with minimum surface distance 1 fm) distributed in a sphere of radius
R with a Maxwellian velocity distribution characterized by a temperature T. A collective
radial expansion, with linear velocity profile v(r) = {r/R)vsurs, is supemm;mwd on the ran-
dom thermal initial motion. After Coulomb evolution the souzce is boosted in Im\ggmﬂmai
{to account for the ems motion) and randomly in transverse direction {to mimic transverse
dxrected flow). For central events the temperature T and the radial expansion velocity vays
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can be fixed by fitting the observed dependence of the average energy per nucleon on fragment
mass (A=2Z assumed) E/A = (E[A)fiow + (37/2)/A [3,7}. The transverse boost vy is the
main variable for reproducing the enhanced correlations observed at v,eq ~ 0.025c. A sys-
tematic analysis of the directed flow [7] shows that not more than 1 MeV per nucleon resides
in the collective transverse motion. This restricts the maximum transverse boost velocity to
vy < 0.05¢c. We find then optimum agreement with the data with a parameter set for central
events : .

R=16m, T = 35 MeV, vgyrs = 0.20 ¢, v = 0.27 ¢, vy = 0, (2)
and with another set for the superpostion of central and semicentral events in PM3 - PM5

(with a reduced radial expansion, with an average source velocity half between midrapidity
and projectile velocity, and with some sideward directed flow included) : - k
R=15-201m, T = 35 MeV, vsy,y = 0.10 ¢, vy = 0.40 ¢, vy = 0.05 c. - (3)
With the 2nd set of parameters we reproduce the correlation functxons with and without
regarding the reaction plane (see Fig. 1).
The present simulations point to rather short life times and seem to be compatible with the
picture of fast (instantaneous) multifragmentation. Even we rely on an instantaneous break-
up, the particles need some time to leave the volume bounded by R. According to the initial
velocity and spatial distribution this translates to a source decay time being less than 100
fm/c. Note that our tentative data interpretation indicates an expansion effect: the extracted
source radius is substantially larger than a 24 4, system at nuclear saturation density. -
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‘ ! l | Fig. 1: Correlation function (1) of
; IMFs from an admixture of central
MWorsy,, and semicentral events PM3 - PMS5
.-EEW#'H-:.: ~ (squares). The dots are for the same
events, however the events are rotated

into a unique reaction plane before de-
terming the mixed event yield. Dashed
(full) lines depict results of Coulomb
1 ' trajectory simulations using parameter
set (3) with B = 20 fm with (without)

' randomization of the transverse boost
‘orientation. The experimental corre-
lation function changes when selecting
data from stronger centrahty cuts (not

displayed).
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Simulations of Velocity Correlations |
Using the Statistical Multifragmentation Model ?

H.W. Barz*, B. Kimprer*, R. KOTTE, J. MOSNER, W. NEUBERT, D. WOHLFARTH

Forschungszentrum Rossendorf, Institut fiir Kern- und Hadronenphysik
and® KAI e. V. Berlin

The Statistical Multifragmentation Model [1] was utilized to simulate velocity correlations of
Intermediate Mass Fragments (IMF). This model considers primarily the prompt break-up
process and the evaporation of secondary particles during the dynamical evolution which
is governed by the Coulomb force. The code version ‘CRACKER’ was supplemented with
an acceptance subroutine having regard to the 8 sectors of the outer plastic wall of the 47-
spectrometer at GSI [2] and read out of each of the 64 single scintillator strips of each sector.
Double hits were excluded from the analysis.

Then the code ‘CRACKER! as event generator was completed with a procedure which con-
siders collective radial flow. :

The charged particle multiplicity within the wall acceptance was used to find a relation
between the incident beam energy and the excitation energy which is one of the free input
parameters of ‘CRACKER’. At 150 A- MeV  the mean multiplicity of about 25 favours
an excitation energy of E* = 8 A- MeV. Recent BUU calculations show that the size of
the source of IMF production is considerably smaller than the mass of the combined sy-
stem Au + Au. As first approximation, the mass of the disassembling system was set to be
Agp = 197 what seems even somewhat overestimated.

The relative velocity distributions Yi2(v1,72) were calculated for pairs of charges with
Z1,Z2 > 3 within an IMF multiplicity window from 2 to 7. Additional selection condi-
tions concerning the relative angle between the velocity vectors and the rapidity of the IMF's
could be introduced. An essential point is that the cuts which were applied to the generated
true events must be also used for determination of relative velocities calculated by mixing
two different events. Both relative velocity distributions were scaled by sqrt{Z1 4 Z2) and
they were normalized to f Yi2dv =1,

The goal of this study was to find out to what extent the correlation function is sensitive to
physical magnitudes. The simulations show that the excitation energy in the interval from
8 to 10 MeV /u has minor influence. The same comes out for changes of about 30% in the
IMF source size. In spite of the Z1,72 scaling, the correlation function was found to be
sensitive to the choice of the break-up density. A change of A(p/po) = 0.15 causes roughly a
displacement of 1.7-1073- ¢ on the coordinate of the reduced velocity. Decrease in pjpo shifts
* the correlation function towardssmaller reduced velocities and the ascent becomes somewhat
steeper. Higher break-up densities flattens the ascent.

So far as Ag = 197 is considered the collective radial flow causes a substantial change of
the correlation function. It remains nearly unchanged if the flow does not exceed 1 MeV/u.
Increasing flow energy flattens the ascent of the correlation function, it reaches unity above

Ured = 0.025 - ¢ and the Coulomb hole becomes more filled. Results of the simulations are
shown in fig.1.
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Entropy and Isotopic Ratios in Light Nuclear Systems-
a Comparison between QSM and CRACKER %

R. KorTE, J. MOsNER, W, NEUBERT, W.TRAUTMANN* AND D. WOHLFARTH

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphyszlc
and * GSI Darmstadt

In multifragmentation processes the evolution from the break-up point to the point where
the final nuclear fragments are created is mainly determined by its baryonic entropy S/A.
Observables which are sensitive to that magnitude are of special interest. We have learned
that isotopic ratios belong to such signals [1]. In the framework of the Quantum Statistical
Model (QSM), the isotopic ratios are found to be correlated to the isentropic lines as shown
when both magnitudes are plotted in the temperature vs. density diagram. This behaviour
is based on the dependence of the mean neutron-to-proton ratio (for fixed Z} on the baryonic
entropy. Results of QSM calculations are shown in fig.1 where several disassembling nuclear
systems are considered. The mentioned dependence is obviously restricted to heavy and
medium weight nuclei. In light nuclei the mean N/Z-ratio does not depend on the entropy.
This insensitive region includes nuclei with masses from A =~ 20 to A =~ 50.

In order to check the consequences we have investigated the system with Z, N = 14. The
reason of that choice is the fact that experimental data are available for Al + p in two refe-
rences (2, 3]. The results of calculations are given in fig.2 which shows that lines of constant
isotopic ratio ""9Li/®Li have another behaviour than those of isentropic lines. We believe
that the method used in ref. [1] is inapplicable to that case and for nuclei in the vicinity of
A =~ 30. As seen from fig. 2, the experimental ratio ""°Li/®Li ~ 1.5 would be located at
unrealistic high temperatures and densities.

We turn now to the following question: Is there a general restriction or is this result only
a model dependent limitation? Therefore, we have calculated the same quantities for the :
system Z, N = 14 by means of the Statistical Multifragmentation Model [4]. Realistic inter-
actions and deexcitation of the fragments in the expansion stage are included in this model.
At first, a nearly complete ,,phase diagram® in temperature (2 MeV £ T < 10 MeV) and
reduced density (0.1 < p/pp < 0.9) has been calculated using the code version »CRACKER*®,
The entropies calculated by both models agree roughly only in the low density and in the
low temperature regions. Starting from here, QSM predicts entropies which increase much
faster with increasing temperature than those determined by ,,CRACKER®. Consequently,
the isotopic ratios predicted by the two models are quite different. Although in the calculati-
ons with ,,CRACKER" the structure of lines for constant isotopic ratio is more complicated
there is still a certain region where entropy and isotopic ratio are correlated. As seen from
fig. 3, this is fulfilled for temperatures above 5 MeV. Futhermore, we found that the power-
law parameter 7 is well correlated to the entropy S/A as shown in fig.4.
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Statistical Properties Obtained from Isotopic Yield Ratios ,B‘
W. NeuBerT, R. Ko'fTE, J. MOsSNER AND D. WOHLFARTH
Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik

Current multifragmentation models assume that thermal equilibrium is reached before the
system breaks up. The occuring intermediate mass fragments (IMF') are expected to carry -
information of the underlying process. We consider here properties of adjacent isotopic pairs
produced in this way. In the grand canonical approach the isotopic ratio R for twe nelghbour
isotopes (N1,Z) and (N2,Z) can be expressed as

R~ eop [y (N2~ N1) 3 ] (1)

where N/Z is the neutron-to-proton ratio of the combined system target + projectile. This
expression follows from the supposition that the neutron chemical potential is a linear func-
tion of the neutron-to-proton ratio. : :

We have analysed isotopic ratios of He, Li, Be and B obtained in inclusive measurements in
* order to check the above model predictions. We restricted the analysis to p+A reactions [1-5]
which avoid possible ambignities due to some contributions from projectile fragmentation.
Furthermore, we selected strictly such data where for the same target nucleus the yields of
at least 3 isotopes are available simultaneously. Systematic errors unavoidable in analysing
different experimental data should be minimized by this choice. :

The compiled data are given in table 1. The yield ratios as function of the neutron-to-proton
ratio were submitted to an exponential fit and the corresponding ‘slope’ is also listed in ta-

ble 1. A first inspection shows that the slopes increase with increasing AN. The predlcted
relation

slope(AN = 1) : slope(AN = 2) : slope(AN =3)=1:2:3 (2)

is only roughly fulfilled.

The Quantum Statistical Model (QSM) wluch is basxca.lly a grand canonical one was exploi-
ted to reproduce the data. Calculations were performed for Ni; Ag, Au and U. The relation
(2) was proved correct for the primordial IMF’s. The influence of secondary particle emission
onto the isotopic ratios was investigated within QSM in dependence on the temperature and
density of the system. Densities larger than p/ po > 0.3 and temperatm-es T>8 Mev lead to
slope parameters which are outside of the exPermemta} limits. In all considered cases, we
found that particle emission cause an increase of the slope parameters as observed in the
experimental data. =

No interaction during the IMF production is taken into account so far as the QSM is consi~
dered. A more realistic description is possible by the Statistical Multifragmentation Model
[6]- We used the standard parameter set, an overall excitation energy of 6 MeV/u and a
break-up width of 1.2 fm. The masses of the fragmenting systems were taken from previous
INC-calculations [7]. The agreement with the experimental data for Au and U could be im-
proved by using a multiplicity-dependent break-up density. Actually, the calculated values
reproduce the slope; but there are considerable deviations in the calculated absolute ratios.
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Inadmissible long computation times made it impossible to calculate the low yield of 5He so
that the corresponding ratios $He/*He and ®He/?He could not be verified.
Summing up, we conclude that the presented data favour statistical IMF production.
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A N=1 A N=2 A N=3 | ref
| N/2Z ‘Li/’Li | B/°B 8Li/®Li 2B/1°B | °Be/™Be | °Be/"Be |
Ni |1.03 |1.00£0.2]153+03 ] + | 038+£01]019+01](2)
Ag [1.271 1143+ 03] 124+ 0.3 0.09 £ 0.03 | 0.18 £ 0.1 | 1.05 + 0.2 | 0.50 £ 0.1 | (1)
Ag 1271 |1.17+0.4 185+ 0.6 | 0.18 £+ 0.1 [0.324+0.1 | 1.05+ 0.4 | 0.59 + 0.2 | (3)
Xe | 1.04 [2.65+0.4 317404073401 |081+0.1]1.81+0.2][176+0.2](4)
Au [ 1.475| 1.88+ 0.6 | 2.69+ 0.9 | 0.38+ 0.1 |0.92+0.3 |2.92+ 0.9 2.62+0.8|(3)
U | 157 |233+0.5|354+1.3|059+01 |1.36+0.5|500+1.8]|543+22](3)
slope 1.90+0.7[228+1.2 5390 +24 [604+1.4]4494+0.6[768+L10]

A N=1 AN=2 AN=3 | ref.
TARGET | N/Z | “He/He | ©He/*He |°He/*He *10-2
S8Ni | 1.0345| 759 £1.13 | 2.00+0.24| 151 £0.79 | (5) |
OiNi [ 1.2414] 926+1.47] 6.18+252| 572+ 261 | (5) |
®Ti 11300} 831+1.35| 3.12+1.17] 259+ 11 | (5) |
M26n | 1.2157 | 11.65+ 141 [ 3.32+140| 3.87+1.65 | (5)
"*%Sn | 1.451 |12.05+ 1.53 | 13.25 + 3.20 | 15.96 & 3.81 (5).
Ag 1.271 |} 13.00 + 0.65 + R b
Ag 1271 [1136+4.00 | 443+3.11| 508+ 1.87 | (3)
Au | 1475 | 2857+ 10.6| 8.85+ 251 |25.32+10.14 | (3)
‘ U | 1570 | 40.00 + 16.0 | 16.45 + 4.63 | 65.90 = 15.7 | (3)
‘slope | 1364044 3.86+042| 689£086 |(3) |
Table 1 Compilation of isotopic yield ratios and results of the fits.
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Simulation with GEANT 5
R. KoTTE, J. MOsNER, W. NEUBERT AND D. WOHLFARTH
Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik

Nowadays, many questions concerning planning, design and data analysis often can be solved
only approximately by simulation because of the complexity of the interaction mechanisms
or detector geometry. In a special case we studied the influence of the detector system
[1] on the velocity correlations’of intermediate mass fragments by Monte Carlo simulation
with several event generators and the GEANT package [2]. One principal application of
GEANT is the tracking of particles through the experimental setup for acceptance studies
or simulation of the detector response. The simulation was carried out for the reaction
Au+Au at 150 AMeV beam energy performed with the FOPI (phase 1) detector system
[3] at SIS in' GSI Darmstadt. The data have been analysed with the same routine of the
software package [1] which has been used for the experimental runs, too.

We find, as in raw data, an enhanced coincidence yield due to multiple counting at the
very small relative velocities (vyeq < 0.005 ) mainly caused by secondary interactions in the
scintillator strips, which can be excluded in a controlled way. '

The figure shows the correlation func-
tions of particles with nuclear charge
3 £ Z £ 6 for the generator events un-
der the following condition: a) almost
without restriction (o), b) angular ac-
ceptance (7° < & < 30°) and energy
thresholds (O), complete selection by
the apparatus (A).

The correlation function filtered by the
response of the setup suffers for v,.q >
0.006 ¢ in average few distortions if the
finite resolution for velocity and charge,
energy thresholds and the nearly exact
geometry including dead zones are ta-
ken into account. Summarizing, accep-
tance and energy thresholds have mi-
~ nor influence on the shape (especially ‘
on the steep incline) of the correlation I , ' Vped]C
function. -

REFERENCES:

{1] N. Herrmann, private communication S )
(2] R. Brun, et al., GEANT 3, CERN data handling division, 1987, DD/EE/84-1
3] A. Gobbi et al., Nucl. Instr. and Methods A324 (1993) 156 :
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Midrapidity source of intermediate-mass fragments in highly central collisions
of Au 4 Au at 1504 MeV
(Physical Review Letters 69 (1992) 889)

J.P. Alard, Z. Basrak, N. Bastid, I.M. Belayev, M. Bini, Th. Blaich, R. Bock, A. Buta,
R. Caplar, C. Cerruti, N. Cindro, J.P. Coffin, M. Crouau, P. Dupieux, J. Erd, Z.G. Fan,
P. Fintz, Z. Fodor, R. Freifelder, L. Fraysse, S. Frolov, A. Gobbi, Y. Grigorian, G. Guillaume,
N. Herrmann, K.D. Hildenbrand, S. Hélbling, O. Houari, S.C. Jeong, M. Jorio, F. Jundt,

" J. Kecskemeti, P. Koncz, Y. Korchagin, R. Kotte, M. Kriamer, C. Kuhn, I. Legrand,

A. Lebedev, C. Maguire, V. Manko, T. Matulewicz, G. Mgebrishvili, J. Mésper, D. Maisa,
G. Montarou, P.-Morel, W. Neubert, A. Olmi, G. Pasquali, D. Pelte, M. Petrovici, G. Poggi,
F. Rami, W. Reisdorf, A. Sadchikov, D. Schiill, Z. Seres, B. Sikora, V. Simion, S. Smolyankin,
U. Sodan, N. Taccetti, K. Teh, R. Tezkratt, M. Trzaska, M.A. Vasiliev,” P. Wagner,
J.P. Wessels, T. Wienold, Z. Wilhelmi, D. Wohlfarth and A.V. Zhilin

Abstract: Charged particles have been observed in collisions of Au on Au at an incident
energy of 1504 MeV using a high-granularity detector system covering approximately the
forward hemisphere in the center-of-mass system. Highly central collisions have been
studied using a double selection criterion which combines large charged-particle multiplicities
with small transverse-momentum directivities. In this class of events about one-quarter
of the total nuclear charge emerges as intermediate-mass fragments with nuclear charges
Z > 2. These fragments are centered at midrapidity and are produced with large transverse
velocities.

A highly-segmented AE-time-of-flight wall as forward detector of the 4n- system
for charged particles at the SIS/ESR accelerator
(Nuclear Instruments and Methods in Physics Research A324 (1993) 156)

A. Gobbi, J.P. Alard, G. Augustinski, Z. Basrak, N. Bastid, I.M. Belayev, Th. Blaich,
P. Boccaccio, R. Bock, S. Boussange, A. Buta, R. Caplar, C. Cerruti, R.J. Charity,
N. Cindro, J.P. Coffin, M. Crouau, F. Daudon, J.F. Devin, P. Dupieux, J. Er6, Z.G. Fan,
C. Fayard, P. Fintz, Z. Fodor, L. Fraysse, R. Freifelder, S. Frolov, E. Gimenez, Y. Grigorian,
G. Guillaume, N. Herrmann, K.D. Hildenbrand, S. Holbling, F. Hornecker, A. Heuari,
S.C. Jeong, M. Jorio, F. Jundt, J. Kecskeméti, P. Koncz, Y. Korchagin, R. Kotte, M. Krimer,
C. Kuhn, A. Lebedev, I. Legrand, C.F. Maguire, V. Manko, M. Marquardt; T. Matulewicz,
S. Mayade, G. Mgebrishvili, J. M&sner, D. Moisa, G. Montarou, I. Montbel, P. Mozel,
W. Neubert, R. Neunlist, G. Ortlepp, D. Pelte, M. Petrovici, F. Rami; W. Reisdorf,
M_A. Saettel, E. Sahuc, G. Savinel, Z. Seres, D. Schiill, B. Sikora, V. Simion, S. Smolyankin,
U. Sodan, M.H. Tanaka, K.M. Teh, R. Tezkratt, B. Tischler, M. Trzaska, M.A. Vasiliev,
D. Vincent, P. Wagner, J. Weinert, J.P. Wessels, T. V\’xenold Z. Wilhelmi, D. Wohlfarth
and A.V. Zhilin .

Abstract: At the SIS/ESR accelerator facility at GSI in Darmstadt the 47-detector system
FOPIis under construction at present. It is designed for the investigation of central collisions
of heavy jons in the energy range up to 2 A GeV. As phase I of this detector a forward wall has
been built and used in various experiments. It comprizes a total number of 764 scintillators
with an additional shell of 188 thin AE-detectors in front of it and covers the full azimuth
of the polar angles from 1° to 30°. The velocity and the nuclear charge of the fragments are
determined by a combined time-of-flight and AF measurement.
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Statistical fragmentation of Au projectiles at £/A = 600 MeV
(Physical Review C46 (1992) R1577)

J. Hubele, P. Kreutz, V. Lindenstruth, J.C. Adloff, M. Begemann-Blaich, P. Bouissou,
G. Imme, I. Tori, G.J. Kunde, S. Leray, Z. Liu, U. Lynen, R.J. Meijer, U. Milkau, A. Moroni,
W.F.J. Miller, C. Ngo, C.A. Ogilvie, J. Pochodzalla, G. Raciti, G. Rudolf, H. Sann,
A. Schiittauf, W. Seidel, L. Stuttge, W. Trautmann, A. Tucholski, R. Heck, A_R. DeAngelis,
D.H.E. Gross, H.R. Jagaman, H.W. Barz, H. Schulz, W.A. Friedman and R.J. Charity

Abstract: The mean multiplicity of intermediate mass fragments (IMF) (M) produced
by fragmentation of Au projectiles interacting with targets of C, Al, Cu, and Pb at an incident
energy of E/A = 600 MeV is compared to predictions of statistical multifragmentation and
sequential evaporation models. The initial conditions for the calculations were provided by
Boltzmann-Uehling-Uhlenbeck simulations. In the high excitation energy regime where the
IMF multiplicity reaches its maximum the observed universal correlation between {Marr)
and the total charge Zp,ung of projectile fragments with charges Z > 2 cannot be reproduced
by a sequential evaporation code. In this regime the data are better described by statistical

decay calculations which assume the formation of an expanded nuclear system and a rather
fast breakup.

Correlations in multi-fragment events
(Nuclear Physics A545 (1992) 329c)

U. Lynen, P. Kreutz, J.C. Adloff, M. Begemann-Blaich, P. Bouissou, J. Hubele, G. Imme,
L Yori, G.J. Kunde, S. Leray, V. Lindenstruth, Z. Liu, R.J. Meijer, U. Milkau, A. Moroni,
W.F.J. Miller, C. Ngé, C.A. Ogilvie, J. Pochodzalla, G. Raciti, G. Rudolf, H. Sann,
A. Schiittauf, W. Seidel, L. Stuttge, W. Trautmann and A. Tucholski

Abstract: We have measured the multi-fragment decays of Au projectiles after collisions with

C, Al, Cu and Pb targets at a bombarding energy of 600 MeV /nucleon. We have developed
- a series of observables that progressed in complexity. These observables were examined as
a function of the violence of the collision and span the region from evaporation to total
disassembly of the nuclear system. The results are compared to both nuclear statistical and
percolation calculations.
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The rise and fall of multifragment production in '*Au + C, Al, and Cu reactions
at E/A = 600 MeV
(Nuclear Physics A538 (1992) 473c)

W. Trautmann, J.C. Adlofl, M. Begemann-Blaich, P. Bouissou, J. Hubele, G. Imme, 1. Jori;
P. Kreuiz, G.J. Kunde, S. Leray, V. Lindenstruth, Z. Liu, U. Lynen, R.J. Meijer, U. Milkau,
A. Moroni, W.F.J. Miller, C. Ngb, C.A. Ogilvie, J. Pochodzalla, G Raciti, G. Rudolf,
H. Sann, A. Schiittauf, W. Seidel, L. Stuttge, A. Tucholski

Abstract: We have studied the transition from the evaporation to the vaporization regime in
197 Au induced reactions on C, Al, and Cu targets at a beam energy of 600 MeV per nucleon.
The experiment was performed with the ALADIN forward spectrometer at SIS.We find that
with increasing violence of the collision the mean multiplicity of intermediate mass fragments
first increases to a maximum (Mjars) ~ 3.5 and then decreases again. Calculations using
the BUU model suggest that the fragmentation is governed by the energy E,., deposited
into the Au nucleus and that the maximum of (Myr) is reached around Edep = 8 MeV
nucleon.
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A winding Machine for the Manufacturing of
Multi Wire Detectors

M. SoBiELLA, M. FREITAG, H. Hauck!, J. Hutsch, H. Krug!, P. MANFRASS,
J. STEPHAN!?

Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik,
1 Zentralabteilung Forschungs- und Informationstechnik

A winding machine for producing wire planes as components of nuclear and particle physics
detectors has been developed. It is suited for wire planes with a maximum width of 2m and
a maximum length of a single wire of 2.7 m.

The main design criterion was to reach a high precision in wire positioning and tension.
Furthermore, the construction of the machine is based on the following requirements for .
essential parameters:

~ possible wire diameters: 10... 100 pm,

~ wire tension: 200mN... 5N (contmuously adjustable, accuracy better than 5 %),
- wire distances: 0.5... 20 mm, maximum error 10 gm,

~ maximum culmulated positioning error for wire planes of 2000 mm width: 250 um.

For constructing the machine we adopted the widely used principle, where a wire plane
is winded on a double auxiliary frame in a first and mounted on the detector frame in a
second step. The control of the winding as well as the parameter settings are performed by
means of an AT386 personal computer based process control unit. A quadro-linear table
providing a range of 2090.mm is used for wire positioning, which is controlled by an optical
measuring system with an accuracy of +2 pm.

The wire supply unit mounted on the linear table guarantees the exact wire positioning
on the winding frame as well as a constant wire tension. The latter is provided by the torque
of a current-stabilized electric motor, where the wire coil is mounted on the motor axis.

The essential parameters of the winding machine as e.g. wire position accuracy and ten-
sion have been determined by means of a video microscope and a tensiometer. respectwely,
showing the following results:

1) In 2 first version of the wire supply unit, where the distance between the gmde roller and
the optical measuring system was comparatively long, we observed large periodic deviations
in the wire positions, which were correlated with the pitch of the spindle of the linear table. .
After decreasing the distance between the roller and the measuring system the mﬁuence of
the spindle guiding to wire positioning became negligible.

2) Furthermore, we found a wire mispositioning up to 40 pm that occured due to vlbratmns
of the frame of the machine. These deviations could be reduced by increasing the stiffness
of the frame.

3) As the main reason for the posn‘.xomng error of 20 um the manufacturing tolerance of i:he
guide roller was detected. The required accuracy of 10 jum is expected to be reached, if this
 roller will be replaced by a vertically mounted polished cylinder that will guide the wire from
the supply to the winch.

4) The deviations in wire tension have been. measured to be less than 2 % and meet therefore
the requirements given above.
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Process control of the wire winding machine

H. Kruec

Forschungszentrum Rossendorf, Zentralabteilung Forschungs- und Informationstechnik

The mechanical construction of the wire winding machine is shown schematically in fig. 1a.
The control of the winding process is performed by the following important components
(fig- 1b):

the driving system for the winding frame, the wire supply unit and the feedback drive for
the linear positioning unit. :

For the drive of the winch a reversing drive with control of the rotational speed for the geared
DC-motor has been used.

The motor moment of 106 Nm is sufficient to produce the acceleration necessary for the
motion of the winch with changing rotational speed. The positions of the winch is absolute
measured by means of a position encoder (single turn).

The functions of the wire supply unit are to guarantee defined wire tension and an exact
guidance of the wire to the winding frame. The adjustable resetting force is obtained with
a current controlled reversing drive of a disk motor with a small moment of inertia. The
feedback drive of the wire supply unit has been realized with a commercially available lin-
ear positioning unit combined with a high-resolution incremental length-measuring system
with a position accuracy of 1 pm. All functions of the machine are controlled by a personal
computer AT 386. This enables us to use 2 menu controlled operation providing a great
flexibility of the facility. By means of the developed software wire planes of different dimen-
sions and structures can be produce. The computer is connected via a serial interface with
the feed rate control. The measured position values for the winch were read in via a paraliel
interface in the Gray-Code. The set-point value of the speed control for the winch drive and
the current set-point value for the unwinding drive of the wire supply unit are delivered from
an analog interface.

The most critical point is to control the rotatxona.l speed of the winch drive in such a way,
that the acceleration of the unwinding wire coil is small enough to obtain a constant wire
tension. A sinuous approach was chosen for the wire speed during a half turn of the winding
frame. With respect to the geometry of the mechanical configuration the required set-point -
value for the speed as function of the frame position is calculated. The storage ability of the
wire supply unit supports this kind of control by smoothing the wire acceleration amplitude.
For starting the winding machine, the operator has to put in only the feeding, the wire ten-
sion, the average winding speed and the frame dimensions. The winding process is started
and stopped in one of the two zero positions of the winch. In these positions a pick feed of
half a wire distance tokes place. :
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SOME ASPECTS OF THE VACUUM SYSTEM FOR THE
START DETECTOR DEVICE IN THE
COSY-TOF-SPECTROMETERZSX

L. NAUMANN, W. NEUMANN®, G. ScamipT, J. HuTscH, P. MicHEL, K. MOLLER,
B. NAUMANN, A. SCHAMLOTT, A. SCHULKE AND M. SOBIELLA

Forschungszentrum Rossendorf, Institut fiir Kern- und Hadronenphysik
* Zentralabteilung Forschungs- und Informationstechnik

The COSY-TOF-spectrometer {1] consists of many detectors in a vacuum tank with a volume
of appr. 50 m®. Vacuum pressure less than 102 mbar is necessary in precise nuclear physics
experiments for elimination of such disadvantages as background production, energy loss and
multiscattering along the flight path of particles. The liquid hydrogen target [2], which is
positioned in the start detector vessel, requires vacuum pressure in the order of 10~° mbar,
to suppress condensation of residual gas at the target windows. Such condensates would
falsify the original composition of the target material. The start detector vessel with a
volume of appr. 60 1, which contains the liquid hydrogen target and 32 scintillation counters,
was separated from the huge tank, because it seems difficult, to evacuate 50 m® down to
105 mbar.

This separation has been achieved by a 19 ym thin Mylar foil of 600 mm diameter. In the
routine working regime the pressure difference Ap between the two sides of the foil creates
a small force, which does not deform the foil visibly. But if this pressure difference amounts
to Ap > 6 mbar, the foil touches the sensible hollow light guides [3] of the start detector,
and may destroy them.

We constructed a foil holder with an integral pressure regulation mechanism, to prevent such
a destruction.

The layout of the vacuum test system is shown in fig.1.

~  foil holder  foil_ | ’
@@, A G
‘—X | Vi, P VZ,’, P2

 He-teak | ,
detector LN,

(B
L

Fig.1 Layout of the vacuum test setup; working ranges of the vacuummeters fmbar]:
a)10®-1; b)1-10"% ¢)107%-10"1% d) 10°- 1073
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A turbo moleculare pump (400 1/s) in connection with a fore-vacuum pump creates in the
start detector vessel a pressure in the order of 10~° mbar, if the second window (W) is
closed by a flange and the foil was removed.

The foil was accurately mounted between the two windows (Wy and W2)’ to test the pressure
regulation mechanism. The pressure p, was varied by filling the volume V, with nitrogen
(LN;) through a precision valve. The measured ratio of the pressures p;/p; in dependence

of the pressure difference Ap is shown in fig.2. There three qualitative different states are
seen for the pressure regulation mechanism:

 ~ closed for Ap < 0.04 mbar,
- switching for 0.04 mbar < Ap < 0.5 mbar and

— open for Ap > 0.5 mbar.
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Fig.2 Working characteristic of the

Fig.3 Mechanical deformation x of the foil
pressure regulation mechanism

in dependence on the pressure difference
The deformation of the foil has been measured simultaneously. The result is shown in fig.3.
For Ap < 0.10 mbar the deformation is not well defined. When Ap increases, the foil expands
up to x = 10 mm along the rotation symmetry axis of the device.

The strength of the foil was tested by shock waves of different power generated by opening

volume V3. All fests were repeated several times and a good reproduction of all results was
observed.

REFERENCES:

[1] IKP. Annual Report 1991, KFA Jiilich (1992) 3-6

[2] V.G. Jaeckle, Diplomarbeit, KFA Jilich, Jiil-2633 (1992) o

[3] P. Michel et al., Mikrowellen & HF Telecom. Magazin, Vol.18 No.3 (1992) 170
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A LASER BASED TEST SYSTEM FOR THE
COSY-TOF-SPECTROMETERZBX

. HermANowskl, H. BrRAND, S. Branp, S. CEAMERA, H. FREIESLEBEN,
A. FrirscHE, H. Koce, J. Krug, E. KuHLMANN, J.S. LANGE, H. MATTHAY,
P. RINGE, A. ROSER AND M. STEINKE
Ruhr-Universitdt Bochum, Institut fir Ezperimentalphysik |

L. NAuMANN, P. MicHEL, K. MOLLER, B. NAUMANN, A. SCHAMLOTT AND A. SCHULKE
Forschungszentrum Rossendorf, Institut fir Kern- und Hadronenphysik
and the COSY-TQF-Collaboration

We describe a calibration system for routine control of approximately one thousand
scintillation counters of the Time-of Flight-Spectrometer [1] at the Jiilich Cooler Synchrotron
as shown in fig.1. Optical test systems for calibration and control of a large number of
scintillation counters from the point of signal creation inside or near the scintillator up to
the data acquisition system are often used in modern spectrometers [2].

The aim of this test system is primarily to find drifts in time resolution and delay of individual
detector channels, exceeding 220 ps. It is also possible, to monitor the gain drift of the PMT
and the following electronics.

Lu$er Nm ISplitter , ~

o
1 P N
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3 __L-— i ey X
;rﬂf’f@ . k DETELTOR | SIGNALS < | gigtr;lt?ﬁt;ggr
el isition, Referenc: | v —
o

Fig.1 Layout of the laser test system for the COSY-TOF-Spectrometer

The laser is positioned 30 m away from the - . .
P vay fr Filling Ny; 0.1 [/min |
TOF-Spectrometer. The parameters of . , .
- , . . Wavelength 337.1 nm
the laser {type Laser Photonics LN 120C)
. e . Pulse FWHM 300 ps
are listed in the following table: . . ,
s , Beam divergence - 3 X 7 mrad
The optical fibres (type Ceram Optec) . 2
; ; : . Beam size 2 X' 3 mm
have a quartz core of either 200 pm .
or 1000 pm in diameter and a quartz Pulse energy 0 pd
# q ‘ Pulsing frequency < 20 Hz

cladding. ,
The attenunation for UV-light of these fibres is 80 dB/km. The divergence of the outgomg .
light amounts to £ 12°. A thick fibre of 30 m length connects the laser with a light splitting .
device with three outputs. One is wavelength shifted from ultraviolet to visible blue by
POPOP (1,4-di-(2-(5-phenyl-oxazolyl)-benzene)) and then coupled to light guides of the -
start detector. The second oulput is used to create the reference signal for calibration and
the other one is gunided to the scintillation counters of the stop components of the COSY-
TOF-Spectrometer.

Details of the construction of the calibration system for all 32 scintillator counters of the
start detector device are shown in fig.2. A flange connector couples the light to thin fibres
inside the vacnurn vessel. The construction allows an easy and well defined connection of the
fibre. The light intensity can be varied up to a factor of 15 by an attenuator (A), tube (B)
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contains 37 fibres with polished endfaces. Each fibre is 1.5 m long and ends in a reflector

head (C), which reflects the emitted light onto the light guide toward the PMT (type XP
2020).

The fibres cannot be mounted directly on the scintillators of the start detector device because
of the sensitive mechanical construction of the hollow light guides [3].
For the scintillation counters in the stop detector it is possible to feed the light pulses into

the scintillator of the opposite side from the PMT, such that the test includes also scintillator
properties.
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Fig.2 Test system for the start detector setup

TDC- and ADC-spectra, as shown in fig.3, demonstrate results for one start detector channel.
The time spectra were taken with two identically PMT’s and a constant-fraction-

discriminator (Ortec 934). For the peak shape of the squares a time resolution of appr.
220 ps (FWHM) was estimated.
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Flg.3) Start detector calibration system (- with lucite light guide; 4. without lucite light
guide 7
a: TDC-spectrum b: ADGC-spectrum
REFERENCES:
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Status of the Evacuation and Gas Supply System of FOBOSB ,

G.Renz!?, P.GrepNeErM?, C.UMLAUF'2, V.M.Vasko!, D.Mayl?

1 Joint Institute for Nuclear Research, Dubna
2 Forschungszentrum Rossendorfe. V.

The FOBOS evacuation system was successfully tested. A vacuum of 2 - 10~ Torr within
the FOBOS ball has been achieved using four turbo molecular pumps. All Bragg ionization .
chamber cases and the manipulator for handling them were delivered from Bulgaria. All the -
gas flow and pressure control units including supporting valves and pumps of the gas supply‘
system were mounted mechanically and electrically. A system for on-line gas mixing for the
Bragg chambers was mounted and added to the FOBOS setup.

A1l these components can be controlled either manually or remotely by the SIEMENS SX
automation system [1] {fig.1), which was successfully installed and tested in 1992. Basic
software for process visualization on X-terminals of the changing status of the evacuation
and gas supply system has been developed (fig.2). The actual pressure values can be observed. -
at 64 different positions of the system. The valves and pumps can be switched over in a
simple manner by mouse clicks only.
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Fig.1 SIEMENS SX automation system hardware
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‘The Scintillator Shell of the FOBOS 4x Array °

W. WAeNER!, A.S. FomicrEV?, C.-M. HBRBACE?, A. MATTHIES?,
H.-G. OrTLEPP?, 0.V. STREKALOVSKII?, V.A. VITENKO3, G. Pauscr?

1 Forschungszentrum Rossendorf e.V., 2Joint Institute for Nuclear Research, Dubna,
. 3Chlopin Radium Institute, Sankt Petersburg, 4 Freie Universitat Berlin

The gas-filled detectors of the FOBOS array [1] are not able to registrate penetrating light
charged particles (LCP). This emission of LCP, however, can give valuable insight into the
reaction mechanisms which will be studied at FOBOS. Especially correlations between LCP
and heavier fragments are of interest. ,
Therefore the gas detector of FOBOS will be surrounded by scintillation counters [2].- The
CsI(T1) scintillator shell consists of 210 hexzgonal crystals (200 mm and 150 mm diameter)
situated behind the Bragg ionization chambers covering them with a geometrical efficiency
of 73.4 %. The number of scintillators joined together in one module is equal to seven.
Scintillator thicknesses of 1.5 cm and 1 cm have been chosen for the angles § = 16° - 52°
and & = 53° - 164° respectively.

The crystals polished at the front side and rough at the back side are coupled via hollow
conical light guides to the photormltipliers of type FEU 173 (@ 150 mm) and FEU 167
(@ 100 mm). Efforts have been made to enhance the light collection efficiency and to avoid
inhomogenities due to the large dimensions of the crystals . Typical energy resolutions for
Pu alpha particles of 6 -7% have been achieved.

T.CP were discriminated up to Z = 3 by a pulse-shape inspection method [3] integrating the
current pulse of the photomultiplier with the help of two charge-to-digital converters (QDC)
within the time gates of §t; = 0-400 ns and §t; = 1600-3600 ns (fig. 1). The reaction shown
in this example is 9.1 AMeV 2°Ne4-58Ni. The¢ detector was placed at 45° with respect tothe
beam direction.

Data acquisition will be realized by FASTBUS electronics coupled via VSB to a VME work

station.
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Fig. 1. Pulse-shape discrimination of light
charged particles with a 16 m thick CsI(T1)
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The shape of current signals from solid-state detectors is sensitive to the length and density
of the ionization track and consequently to charge and mass of the detected ion. This effect
which has already been used for particle identification (see e.g. [1,2] and refs. therein) was
investigated experimentally in more detail at the VICKSI facility [3].

We irradiated various silicon detectors of 450 to 2000 um thickness with reaction products
from 12C(360 MeV) + Ho and 325(795 MeV) + Au, and scanned the current signals with a
series of QDC channels. Charge samples Q; were taken simultaneously in 16 equidistant time
windows (short integration gates fixed with respect to the CFD timing signal), and stored
event-by-event together with the total charge (i.e. the integral over the total pulse length
which is proportional to the energy deposition E in the depleted zone of the detector) and
the time-of-flight information. This method allowed an off-line analysis of Q;(E) correlations
as well as a crude reconstruction of pulse-shapes using the complete sets of charge samples
Qi. The results of data analysis can be summarized as follows:

1. Particle information is present not only in the rise time, but encoded in the entire shape

of the current signals (fig.1). The pulse-shapes are mainly determined by an interplay

~ of the plasma erosion effect (see [4] and refs. therein) and charge-carrier drift times,

both depending on the initial jonization density p,(x) and the electric field strength
F(x) inside the detector. |

2. Correlations between charge samples Q; and energy deposition E are suited to identify
charge and - at least for lighter ions - mass numbers of the detected jons (figs. 2,3)
within a limited dynamical range. The corresponding electronic technique comprises a
simultaneous short- and long-gate integration of the current signals and is well known
from phoswich detectors.

~ 3. Other techniques of pulse-shape analysis, e.g. charge-balance discriminators or pulse-
length detection, should also be well suited for particle identification in solid-state de-
tectors. Maximum resolution is expected from scauning techniques {fast fash-ADC)
and an adapted arithmetic data processing.
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Figure 2.

Figure 1. Current signals of
a 450 silicon detector (Inter-
technique IPE 450-450-25, E-
mount) irradiated with reaction
products from 325 (795 MeV) +
Au at <fp>=23.5°.

Particle identification for a
450 pm silicon detector (Intertechnique
IPE 450-450-25, E-mount) obtained with
short-gate integration including the pulse
tail: The y axis of this scatterplot displays a
charge sample Q of the current signal (inte-
gration gate: 25 to 70 ns with respect to the
start of the pulse; Q includes an atbitrary
offset) normalized to the energy parameter
E. Unit-mass identification up to Be isoto-
pes was observed, and separated Z branches
are visible also for particles not stopped in
the detector corresponding to higher @/ F
values than for stopped ions at the same

~energy E.

Figure 3. Scatterplot of the “charge ba-
lance” parameter X, versus energy B for
2 2000 pm silicon detector (ORTEC TA~
19-100-2000, T-mount) _jrradiated from
the rear side with reaction products from

- 326(795 MeV) + Au at <0z >= 14%: X; re-

presents the ratio of time integrals over the
leading (t = O to 40 ns) and trailing (¢ = 80
to 160 ns) parts of the current pulse.
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A Start and Anti Halo Detector for Operation
in Magnetic Field Environment 2
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In 1992 the superconductmg solenoid and the Central Drift Chamber of the 47-detector fa-
cility at GSI came into operation. The corresponding start detector system requires a shield
from the magnetic field to enable the usage of phototubes close to the solenoid. Different
from the phase I arrangement the beam passes through a new adjustable antihalo-detector 1
and the start detector in vacuum. A 100 pm Capton window allows the beam to leave the
vacuum tube and to enter the helium bag where target and antihalo-counter 2 .are located.

A new start- and antihalo detector system (see fig. 1) was desxgned tested and operated
under beam conditions.

1
Photomultiplier 1
Antitiaio Detector 1 . o
- ’ .
— f " Heliumbag Target
ia--—~-- >—--—---—/----—-«>—-(-—- -------- Do o s o ﬂ' -
- i / -
Vacuum- Antihalo Detector 2
] window e s S
Central Drift Chamber
Photomultiplier 2

Fig.1 Schematic view of the start detector and its location
in the FOPI-detector system

The start detector consists of two shielded Phillips XP 2020 phototubes with active bases.
_The tubes are embedded in a threefold cylindrical shielding. The central cube and both
outer screw-holdered shielding cylinders are made from soft iron type C3Al with a carbon
content less than 0.04 %. This outer shielding is followed by a second cylinder also made
from soft iron. The final shielding of the PMTs is a cylinder of Mu-metal (0.8mm thick).

For an assumed ‘magpetic stray field of 0.1 T the shielding fa.ctor of this arrangement was
estimated to be = 6000.

Beam particles pass through a thin (50 pm) scintillator foil made from PILOT U with raw
surface. The scintillation light is seen by the two photocathodes via plengiass hgh$ guides
which also seal the vacuum of the beam line from the PMTs.

Tests were made with an UV Laser. A time resolution of o = 80 ps was achieved without
magnetic field for an anode voltage of 1.5 kV. Measurements under beam conditions were

_carried out with 1 A-GeV Au projectiles. With applied magnetic ﬁeﬁlﬂ 2 time resolution of
about o = 130 ps was found.
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The antihalo counter 2 is located in the strong magnetic field of about 0.6 T which renders
more difficult to use photomultipliers to get a fast timing signal. Therefore we decided to
couple the scintillators to PIN photodiodes (Hamamatsu type S 3588-03) with a sensitive
area of 30 x 3.4 mm?. Each PIN photodiode was connected to a charge sensitive preamplifier
type CATSA 82 which provides both energy and timing output signals.

Tests were carried out with a piece of fast scintillator material NE 104 (10 mm thick) ex-
cited with an UV Laser. Although there is only a small overlap in the wavelenght of the
emission spectrum of the scintillator and the spectral response of the PIN diode a sufficient
signal-to-noise ratio has been observed. The pulse height could not sufficiently improved by
the use of an orange scintillator which shifts the emission spectrum to larger wavelengthes.
Full depletion of the PIN diode is reached for a bias of 70 V. The corresponding rise time
was measured to be 10 ns. The time resolution was determined a.ga.mst a fast scintillator
coupled to a Ha.mamatsu PMT resulting in o = 140 ps.
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- Fig.2 Walk and time resolution as function of the pulse height
of the PIN-photodiode

Further tests were carried out with a 1 A-GeV U beam which provides typical signal ampli--
tudes of 60 mV (10 ns rise time, 50 ns duration) corresponding to a typical signal-to-noise
ratio of about 40. The pulse height disiribution provided by the energy output of the pream-
plifier CATSA 82 shows a peak which corresponds to the energy loss in the scintillator and
a tail extended to smaller pulse heights. The energy loss resolution for U was estimated to
be = 7 %. The time resolution under beam conditions was measured against a start counter
as described above. Fig. 2 shows the mean position and ¢ of the time peak in dependence
of the pulse height obtained from the energy output of the preamplifier. For sufficient large
pulse heights the time resolution was measured to be 180 ps. The measured quantities fulfill
the dernands made for use as fast timing signals in the beam-trigger pa.ttem The new start-
and antihalo detector system was used successfully during the Dec. beam time of FOPI at
SIS (Au+t-Au, 1 AGeV and 400 AMeV) in a similar manner as described in ref.{1].
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Progress Report on the Drift Chamber HELITRON
The Endflanges and the Combs £
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The detector HELITRON is a 24-sector cylindrical drift chamber with radially strung sense
wires. It has a diameter of 2 m and a depth of 0.6 m and will be situated in the axial ma-
gnetic field of the 4x-detector system FOP], directly downstream the Central Drift Chamber
(CDC). Its design construction and characteristic data are described in refs. [1] to {3]. Here,
we report on the production of the two endflanges of the chamber and that of the combs
defining the positions of the sense and potential wires.

Each endflange consists of two rings of Stesalit which are hold together by 24 spokes of
glasfiber strengthened epoxy resin. The spokes have been stretched by 200 N and glued into
suitable rabbets in the inner and outer ring. The field defining wires of 50 um diameter
CuBe were strung by 0.9 N and soldered on printed-circuit boards which have been glued on
the rings before. The boards on the outer rings also carry the resistor chains (25 x 15 MQ
per sector) of the voltage dividers and the contact elements for high voltage supply. Each
sector has its own connections to the cylindrical part of the chamber allowing to be powered
separately. ‘

The wire grids define the homogeneous electric field of the drift region at the end sides of
the chamber. The pattern of the wires for one sector is schematically shown in fig. 1. Bach
sector has 50 wires parallel to the sense and potential wires, where the spacing of these field
forming wires is 5 mm. '

field defining wires

Fig.1 Schematic view of one sector of the endflange of HELITRON
We measured the misalignement of this spacing to be less than 20.04 mm. An overall ac-
curacy (centrality, position of spokes ete.) of 0.2 mm has been achieved by using suitable
devices for production and measuring the flanges. The endflanges have been completed at
the Rossendorf detector laboratory and delivered to GSI in December 1992,
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The combs for the wires of the read-out plane were designed similar to that used for the
CDC. It foresees a wire spacing of 5 mm and a staggering of 200 um. The shape of a comb
is shown in fig. 2 schematically, where the potential wires are in the mean and the sense
wires in the low or high positions. Each read-out plane consists of 58 sense (50 pm diameter
NiCr) and 59 potential wires (100 gm diameter gold plated tungsten).

Fig.2 Schematic view of a comb of detector HELITRON

The combs have been produced by casting fluid epoxy resin *) in brass forms, Each comb
was casted in several steps, where the epoxy resin was made bubble free by evacuation bet-
ween the steps. For practical reasons the lenght of the combs was chosen to be no longer
than 320 mm. Therefore, two combs have to join for each side of an anode plane. In or-
der to test the combs a device was produced which allows to fasten two combs in parallel
and to siring the wires in a similar manner as in the HELITRON. By means of an optical
microscope facility the coordinates (spacing and staggering) of the wires have been measu-
red. Mean deviations of 6 um and maximum ones of 20 ym from the average spacing and
staggering values were observed. Futhermore the shrinkage has been determined for each of
the 96 combs. The mean relative shrinkage value is 7 x 10™%, but the individual values are
distributed between zero and 10~3, depending mainly wether the comb was tempered (m
order to shorten the hardening process) or not. Therefore, for each anode plane four combs
with similar shrinkage values will be used in order to avoid additional inaccuracies in track
recognition later on. The combs have been produced in Rossendorf and delivered to the GSI.
We thank A. Gobbi (GSI) for many helpful discussions and H.J. Benz and D. Henke (both
GSI) for ca.reful machining of the brass forms. L. GSbel is thanked for measuring the combs.

*}) We used the epoxy resin Araldit CW 2215 with hardener HY 5162 from bea— Gelgy
This epoxy resin contains ,,Dolomlte (stone powder) as filler.
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Improvement of the Tracking Detector
for the ALADIN Facility' ?
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The fragmentation of excited nuclei produced in high-energy heavy ion reactions has been a
subject of considerable interest since the first multifragment events were observed in erul-
sion studies. The ALADIN collaboration {1] studies these questions in experiments designed
to measure the decay of excited projectiles in inverse kinematics. An important compo-
nent of the ALADIN spectrometer is the new Time Projection-Multiple Sampling Ionization
Chamber (TP-MUSIC). This detector measures very precisely the track coordinates and the
atomic numbers Z of the reaction products. '
In order to reduce the detection threshold of the TP-MUSIC for minimum 1omzing particles,
this detector was supplemented with 18 Multiwire Proportional Counters (MWPC), which
were proposed by our group [2]. First test results are shown in refs. [3-5].
The operation of the TP-MUSIC in a continuously sensitive mode can cause the unwanted
formation of space charge in the drift region. This space charge is mainly due to the jons
created in the amplification regions of the MWPC’s.
A fraction of these ions is dropping into the drift region. In order to avoid this effect we use
a gating grid in front of the MWPC [3]. Otherwise the resulting space charge can seriously
distort the trajectories of drifting electrons {5)]. |
Normally the gating grid is closed and only opened by a positive trigger decision. This opera-
- ting condition prevents most of the undesired primary ionization (primary beam particles or
background events) from reaching the MWPC’s and effectively eliminates substantial space
cha.rge formation.
In several test runs we have checked different methods for the signal read-out electronics of
the MWPC’s and several trigger circuits for controlling the gating grid. An unpleasant fea-
ture on using these circuits arises from the fact that the read-out electronics of the MWPC’s
as well as the adjacent TP-MUSIC anodes are disturbed for about 5us after opening the
- gating grid. During this period each half of the tracking detector i ignores the first 25 cm
of its 100 cm drift length. In this reduced drift room we have measured a resolution of
Z[AZ = 31 (Ni-beam, E/A=650 MeV) for the MWPGC, available without distortion of the
excellent Z-separation of the TP-MUSIC. Further investigation on shortening this dead time
of the electronics is necessary. |
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The Status of the Data Acquisition System at the 0°
Facility?
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The basic equipment of the Data Acquisition System for the experiments to be carried
out at the 0° Facility of COSY was designed according to the recommendations of the
CANU-commission [1] in 1992. In Fig.1 the components of the hardware basis are shown
which are available at Rossendorf. These components were selected in collaboration between
Rossendorf and Jiilich (IKP-DV and ZEL) [2]. The Data Acquisition System is adaptable to
different requirements of the experiments, it’s components are standard modules and most
of them are programmable. They are arranged in a three level structure. -

The experimentalist will handle his experiment fully by using an Experimental-Workstation
(base level) which is connected to a local network area via Ethernet ThinWire. At present
a DECstation 5000/240 is installed. In the future this can be a network of workstations and
more powerful workstations for example ALPHA-workstations depending on the requests for
Online Data Analysis. A VME-Crate containing 3 Fast Intelligent Controllers FIC 8232 are -
used in a second level of hierarchy. One of them is a complete software development system
with connections to Ethernet, to a SCSI interface and a hard disk. It’s operating system is
05/9. The FIC’s will work as event builder or subevent reader during the experiment. The
hard disk is used only for software development. The events will be stored on a magnetic
tape (EXABYTE 8500C) by the event builder. In the front end area (third level of hierarchy)
FASTBUS and CAMAC crates are employed. Each of the FASTBUS crates is controlled -
by an intelligent master called CHI. These are complete computers basing on an EPROM-

- resident operating system OS/9. During the experiment the FASTBUS systems are working

as fast data-read-out systems. Both TDC and QDC modules (Phillips Scientific IQCG, 10C2) -
are scheduled to be used for the instrumentation of the side detector. For the task. of
experiment control and for the data aquisition from wire chambers it is planned to use
CAMAC crates with VIC-A2 controllers which are able to support the VICbus. These
controllers are also intelligent components basing of an EPROM-resident operating system
0S/9. These crates must be equipped depending on the tasks of experiment control. It
will be also possible to use these crates for the data acquisition from wire chambers and to
complete them in this way. ' :

In the field of software development for the Data Acquisition System at the 0° Facility it was
decided to work in a collaboration between Jiilich (ZEL, IKP-DV) and Rossendorf (FFI) .
to create a general solution for all experiments at COSY basing'on the same or similar
hardware. A general solution requires a great initial expense but we can hope that most of
the experiments can be supported with only minor changes of the software. So the developed -
software will be better adaptable to the experimentalists requirements {3]. The modulare
and configurable data aquisition software will run on the UNIX-Workstation visualizied by
an OSF/MOTIF user interface. The CERN software tools (PAWX11, HBOOK) [5} will be
implemented for the on-line data analysis. ‘First global software modules like Data Base,
Master Control, Logging- and Reporting-System are under tests {6]. For a comfortable and -
effective software deveiopmg also in the front-end area an 0S5/9-NFS-cluster system was
built. All computers are connected via Ethernet on TCP/IP. We can use the possibilities
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of File Transfer Program and Terminal Local Net. The CHI’s and FIC’s which haven’t an
own disk can use remote mounted disks on the workstation via Network File System. It is
also possible to use windows of the workstations display to operate like a terminal at the
CHI’s and FIC’s. With the so called down-loading we are able to load software from remote
mounted disks. A first front-end FASTBUS testsystem was developed on this basis.

A general overview about the software structure of the Data Acquisition System will be given
in a forthcoming report.
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Fig.1 Basis Hardware Architecture of the Data Acquisition System of the 0° Facility
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TEST OF PHOTOMULTIPLIERS FOR THE 0° FACILITY
AT COSY? ‘

B.PRIETZSCHK AND B.RIMARZIG
Forschungszentrum Rossendorf, Institut fiur Kern-und Hadronenphysik

At the 0° Facility a large number of scintillation detectors will be used. As a first step
the necessary photomultipliers (PM) were tested. The amplitude and time characteristica
of 60 PM’s (type XP 2020 and XP 4222) to be used for the STOP detector (see Ref. [1])
were measured by using the arrangement shown in Fig. 1. A voltage divider of Philips was
modified such that the voltages g; and d; could be changed continously (see Fig. 2). As
ligth source a green LED controlled by a pulse generator with pulse rise time of 1.2 ns and
pulse amplitude of 40 V was used. In the test 8 points at a distance of 16 or 18 mm and 21
or 22 mm from the centre of the photo cathode were selected turning the PM by 45°. At

- each point the amplitude and rise time of the dynode pulses, the signal transit time relative

to the generator time and the time resolution (FWHM) were measured. The differences of
the transit times between the value for the centre of the cathode and those for the points
at 16/18mm distance amounts to 220 - 450 ps and at 21/22mm distance to 250 - 600 ps,
respectively. Compared to the centre of the photo cathode the amplitudes change by about
15% when measuring at a distance of 16mm from the centre and by < 20% at 21 mm distance.
The time resolution amounts to 125 - 200 ps (FWHM).

As a result of these measurements the mechanical and electrical construction of the voltage
divider could be optimized. It is important to have as small and cheap voltage dividers as
possible, because of the large number of PM’s to be used at the 0° Facility. Several variants
of dividers were built and tested. Fig. 3 shows the mechanical construction of the developed
divider with a diameter of 78mm. The electrical stability of the divider was tested at 3 kV.
No deterioration of the transit time difference and time resolution has been found. Up to
now 4 dividers were built and tested. The costs for the developed voltage divider amounts
to about 30-40% of those for the divider from Philips GmbH [2].

PM tubes of the types XP 2972, XP 2000R and-R 2076( R3478) were tested, too, because
for the START detector we intend to make use of PM’s with a smaller diameter of the photo
cathode.
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Fig.3 Mechanical construction of the voltage divider

In order to measure the signal transit time difference of the XP 2927 2 suitable voltage
divider had to be build. The voltage d; is adjustable and high voltages of 1,75 and 1,85 kV
are used. The transit time difference at a distance of 11 mm from the centre of the photo
cathode lays between 475 and 625 ps. The output amplitudes and the time resolution change
up to 100% compared to the centre.

One PM of the type R 2076 {denoted by R 3478 with mtegra.ted voltage divider) was tested
with the following result: signal transit time difference at a distance of 6.5 mm from the
centre of the photo cathode amounts to 150 - 200 ps and the time resolution is < 30% .
One part of the detector arrangement at the 0° Facility is placed in the magnétic field.
Therefore, it is necessary to have shielding cylinders for the PM tubes. Some Permenorm
and Mumetal shield cylinders were produced in the FZ-Rossendorf and afterwards glowad

by Fa. Stromungsmaschinenbau Dresden. The shaelximg characteristics will be tested in ﬁw
FZ-hilich.
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Delay-line Amplifier 5027-30

The delay-line amplifier shapes the coordinate signals derived from posmon-sensmve ava-
lanche counters according to the delay-line principle. It is operated in high vacuum and
protected from demage caused by voltage discharges. The input impedance may be matched
with different delay lines (z;= 200...800 Q,adjustable). The linear output range is U 4=-1.6V
(on 50 Q load) and may be directly fed into a trigger.

The lay-out is manufactured from double layer board of the dimensions 300%200 mm? desi-
gned by PCAD [1] and produced in surface-mount devices (SMD) technology.

Avalanche-Counter-Amplifier 5027-40

The avalanche-counter amplifier derives fast timing signals and spectroscopic sxgnals from
avalanche counters. It is operated in high vacuum and protected from demage caused by vol-
tage discharges. The amplifier is isolated from high yoltage (bias 1.5kV, filter time 0.5s). The
linear output of the timing channel is U =-1.5V (on 50 § load). The timing signals may
be directly fed into a trigger. The spectroscopic signals (output impedance Zo=5011) need
further amplification.

The lay-out is manufactured from double layer board of the dimensions 750+300mm? desi-
gned by PCAD and produced in SMD technology.

BRAGG Processor BDP 5385 :

The CAMAC 1M-module BRAGG Digital Processor (BDP) [2] was designed for the proces-
sing of digitized signals from BRAGG-ionization chambers to obtain the energy and particle
information [3]. The shape of the BRAGG pulse is digitized by means of a flash ADC located
in the companion module BCD 5387 [2]. The clock frequency of the ADC is 10MHz. Two.
algorithmetic units - developed using high-performance TTL family (FAST,ALS) - deter-
mine the integral (energy E) and the smoothed maximum (nuclear charge number Z) of the
signal. A digital comparator determines the threshold for pulse recognition and a pile-up in-
spector Tejects erroneous results. The control of the workmg conditions and the data transfer i
is performed via the CAMAC-dataway. e
The lay-out is manufactured from 4 -layer bord designed by PCAD and produced in SMD '
technology. ~

Shaper/Flash ADC BCD 5387 : : i
The CAMAC iM-module BRAGG Curve Digitizer (BCD) was desxgned for the digitizing -
of spectroscopic signals from BRAGG jonization chambers. It includes a spectroscopic am-
plifier and filters (pole-zero compensated C/R. differentation and active low frequency filter)
adapted to this purpose. The output signals of the amplifier are sampled with a 10MHz -
clock frequency generator and digitized by an 8-bit flash ADC. The control of the working -
conditions is performed via the CAMAC-dataway.

The lay-out is manufactured from 4-layer bord designed by PCAD (mixed technology)

REFERENGE:

[1] Heidel, K., Annual report 1991, FZR 92-09, 79

{2} Heidel,K.,Ortlepp H.-G., Annual report 1991, FZR 92-09, 80

[8] Ortlepp,H.-G., Romaguera,A., NuclInstr.and Meth. A276 (1989) 500
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The BRAGG-ionization chambers of the FOBOS 47 -array [1] are read out by the special
processor unit BDP 5385 [2]. In addition to the test method proposed in ref. [3] we developed
a complete test procedure using a simulated near-real chamber pulse-shape.

The status word of the BRAGG Digital Processor is generated under program control inter-
actively as follows:

-Threshold value (0-63): sets up an input threshold level :
-Parameter G (1-5): sets up the number of samples used for determination of fragment charge
number Z (pulse max.)

-Parameter P: sets up a time interval (pile-up) for checking the pulse-lenght (0 - 255)+ 7, with
7 = 100ns ' '
~-Pulse-lenght 1.5us-3us: defines a time interval for the pulse-shape

-Pulse-shape: regime for defination of test pulse-shapes '

The complete test procedure calculates the values for E and Z simultaneously. The test
pulse-shape can have any form given by 72 numerical values of sample amplitudes. It will
be written into the coincidence unit ZfK 5388 [3], which has been zeroed before. If the E
and/or Z processing has failed the test pulse-shape can be chosen in a less complicated way
and the reason of failure can easily be found.

Our complete test together with the procedure of ref. [3] gives guarantees that the BDP will

work faultless under the experimental conditions of FOBOS.

The principle block-scheme of our complete BDP test arrangement is given in fig. 1. The
unit ZfK 5388 is used as a program controlled generator of the simulated pulse-shape and of
the START and CLEAR signals necessary. The shaper F synchronizes the test information
with a takt frequency analogous to the BRAGG Curve Digitizer BCD 5387 [2] applied in
experiment. The controller KK009 is a CAMAC-interface for the PC-AT.

CAMAC - DATAWAY

Lom - f —~ >
rzze | [ ¢ FZ |
KK 003 | §388 F 5385
| hd | sTART
ouT | % . 1N I
, i I ~
ey N
| SYART
U i CLEAR OUT S
. o— ,
~ START
N {:LEER

Fig.1 Principle block-scheme
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Results of in-beam PET imaging Experiments at
the Fragment Separator of the GSI Darmstadt?
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C. SCHEIDENBERGER®, M. SoBieLLat

1 KAI e.V. im FZ Rossendorf, > ZfK Rossendorf, 3 GSI Darmstadt,
* FZ Rossendorf

In ref. [1] we presented first results of the 1991 positron emission tomography (PET) exper-

iments with g*-radioactive beams obtained either from the fragment separator FRS {2] or
by the nuclear interaction of a beam of stable ions with the stopping target [3].

At first we report here on an interesting byproduct of the PET measurements, namely the

visualization of the fragment separator performance. For this purpose radioactive beams

obtained from the fragmentation of °Ne (E = 500 MeV/u) in a 4 g/cm® Be target were

implanted into a2 phantom of polymethylmethacrylate (PMMA, p = 1.18 g/cm®). The target

mounted in the centre of the large area HIDAC positron camera [4] had a length of 25 cm

in beam direction and of 22 cm in the x-direction of the FRS coordinate system (lateral
direction). The thickness of the target amounted to 3 cm in order to reduce the influence

of the scattering of the annihilation radiation to the image quality. The radioactive beams

of *Ne with minor components of 1’F and *50 had an intensity of (1...5)x10° particles per -
spill. The spill repetition time was 3.5 s, the spill length amounted to 0.5 s. Annihilation -
data were recorded only in the pauses between the synchrotron pulses. The longitudinal -
tomograms were reconstructed by means of an iterative algorithm [5].
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Fig.1 Implanted g+-activity distributions obtained from different degraders at the central
focus F5 of the fragment separator FRS. a) without Fz-degrader, b) homogeneous degrader,
¢) achromatic degrader, d) m@naenergetzt de,grader, ;
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In the tomograms of fig.1 representing a 2 em thick slice of the phantom and in the widths of
the '°Ne distributions (tab.1) the effect of inserting differently shaped degraders at the focus
F; of the FRS can be clearly seen. The values of table 1 have been calculated by fitting the
distributions to a Gaussian and by deconvolution with the Gaussian point response function
(FWHM = 7.340.3 mm) of the positron camera. This rather poor spatial resolution is due
to the parallax error of the detectors, where two <y-electron converters at different positions
are read out by one multi wire proportional chamber in between [4]. Fig. 1a shows that
jons with nearly the same A/Z ratio (**Ne, 1’F, and '°0) are only poorly separated if the
fragment separator is operated without a degrader at the focus F3. Inserting a homogeneous
degrader leads to a clear separation of these beam components (fig. 1b). Figs. 1c and 1d
show the effect of achromatic and monoenergetic degraders on the shape of the final focus.

[ F,-degrader | Range FWHM (mm) | Lateral FWHM (mm) |

Without 11.7404 17.610.5
Homogeneous 11.3+0.5 20.7+0.6
Achromatic ~ 8.510.6 ~19.410.8
Monoenergetic 4.51+0.7 o 77.543.9

Table1l The width (FWHM) of the implanted 1°Ne distribution for different Fz—degradérs

In real therapy PET range measurements using a 3% -active beam for treatment plan verifica-
tion and adjusting the therapy beam parameters should be done with low doses of radiation.
Therefore, it is desirable to measure the ranges from a low number of annihilation events,
Fig. 2 shows that for a beam of 1°Ne the centroid of the range distribution can be rather
precisely calculated from several hundreds of registered annihilation events.
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Fig.2 Comparison of the ranges of a 1*Ne beam (E = 406 MeV /u, width: 26.9 ram FWHM)
deduced from tomographic slices of 2 ¢m thickness which have been reconstructed from
different numbers of annihilation events. The graphs have been obtained by projecting the
tomograms onto the range axes. The mean ranges calculated by a Gaussian fit are given in
mm with the errors in parentheses. '
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On the spatial Distribution of Posﬂ;ron—emlttlng Nuclei
generated by relativistic light Ion Beams in organic Matter®

W. ENGHARDT

KAI e. V. imn Forschungszentrum Rossendorf

Due to their physical behaviour when penetrating matter, highly energetic light jons produce
very favourable dose profiles for the radiotherapy of deeply seated tumours {1]. In order to
translate these physical properties into precise, tumour conform dose profiles it is necessary
to use a beam delivery which consists of a magnetic scannig system and an active energy
variation [2]. Such a highly precise irradiation requires the possibility of an in-situ therapy
control. The first approach to this problem was the Berkeley concept {3] of treatment plan
verification by means of low-intensity beams of A¥-active isotopes of the therapy beam.

However, nuclear fragmentation during the penetration of the therapy beam through tissue
will produce a considerable amount of 8% -active nuclei. The study of the spatial distribution -
of these A+-emitters generated by a 406 MeV/u ?°Ne beam in a plastic phantom by means
of in-beam positron emission tomography (PET) (4] revealed that this distiibution shows a
pronounced maximum near the range of the 2°Ne particles.

In order to explain this, the nuclear fragmentation of the primary particles as well as the
stopping and decay processes of the positron emitting secondaries have been calculated. For
simplicity of the Monte Carlo code the following assumptions have been made: '

(i) The only processes for generating secondary radioactive isotopes are nuclear fragmenta-
tion reactmns ‘ :

(ii) Longitudinal and transverse momentum transfer in the nuclear fra.gmentatxon reactions
have been neglected. : :
(iii) Fragmentation cross sections have been calculated using the parametrization of ref. 5].
(iv) Subsequent nuclear interactions of the secondaries have not been taken into account.
(v) Range calculations have been performed using the relativistic Bethe formula.

(vi) The distributions of the positron emitters 1%11C, 13N, 4,150, 17.18F gpd 18.19Ne have
been calculated, whereas the short lived ones 8B, °C, 12N, 20 and ”Ne have not been taken
into account, since their production cross sections are comparatively small and most of them .
have a fi*-endpoint energy greater than 8 MeV which corresponds to maximum p051tron
ranges in tissue of more than 4cm [6} k

The results of applying this code to pF-activity distributions in polymethylmethacrylate .
(PMMA, CsHgO3) induced by beams of ?°Ne, 150 and 2C with a range of about 14.3 cm

are shown in fig. 1. The observed ¥ -activity results from different ‘components: .
(i) Target fragmentation gives rise to the flat, exponentially decreasing part of the spectrum,,
which begins at the entrance of the beam into the target and ends at a range that corre-
sponds to the fragmentation threshold. : :

(ii) Projectile fragmentation produces an activity d.lstnbutlon with apronounCed peak struc-

ture, where the Ft-active isotopes of the primary nuclei have shorter ranges than the incom- -
ing beam, whereas the fragments with lower atomic numbers are found at larger ranges.
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Fig.1 Number of f3*-decays versus the range of positron emitting fragments generated by
?9Ne, '°0 and *C beams in 2a PMMA phantom obtained from Monte Carlo calculations. The
decays are assumed to be registered during 5 min after the irradiation with one infinitely short

pulse of 107 primary particles. The arrows indicate the primary particle ranges as obtained
from the relativistic Bethe formula.

The results show that the range distributions of the induced A% -emitters may involve suffi-
cient information for extracting the range of the primary beam. This may offer the possibility
of on-line monitoring light ion tumour treatment by means of PET. For proving this assump-
tion further experiments and a refinement of the Monte Carlo code have been initialized.
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A flexible double head BGO positren camera?

J. PAwELKE!, W. EngHARDTZ, A. FRIEDRICH?, H.G. MARTENS?,
W. MeureLs®, K. PorpENSIEKER?, M. SOBIELLA?

1 FZ Rossendorf, 2 KAI e.V. im FZ Rossendorf, 3 GSI Darmstadt

Positron emission tomography (PET) techniques for an in-vivo dose localization in light
ion tumour therapy [1,2] requires detectors with high efficiency. Thus, bismuth germanate
(BGO) is the detector material of choice for such a PET application which has to be installed
at the treatment place i.e. directly at a high energy light ion beam.

For minimizimg reconstruction artifacts a ring PET scanner, as it is commonly used in nu-
clear medicine, would be necessary. However, such a tomograph installed at the treatment
position will interfere with the beam delivery.

Thus, an incomplete transaxial tomograph providing gaps for the therapy beam seems to be
an adequate solution of this problem. The imaging properties of such an tomograph have to
be tested at the beam-line, but a complete construction is too expensive.

Therefore two small position sensitive BGO detectors [3] were mounted on a step motor
driven handling system which is capable of moving the two detectors independently on a
cylindrical surface and which simulates thereby a ring tomograph with a vertically oriented
axis (fig.1). The two linear tables (vertical motions) allow an increase of the axial field of
view (FOV) as well as in-plane and cross-plane coincidence measurements. The turn around
tables increase the transaxial FOV.

Since & correct tomographic reconstruction requires both the actual detector position and
the points where the annihilation quanta hit the detectors (intrinsic detector coordinates), a
real-time control for the handling system (fig. 2) had to be developed. The detector move-
ment is controlled by a 3HE VME system [4] based on a Motorola 68020 CPU running OS9,
an I/O card, floppy and hard disk drives and step motor drivers MCS1 [5] which additiona.lly '
watch the end position switches.
Each step motor (VRDM 5910/50 LNC {6 }) is driven by 2 motor driver unit (MDU) that -

includes the D550-04 [6] driver card, a power supply and an adapter for the end position - -

switches.
For transferring the actual detector positions to the data acquisition system GOOSY [7] .
(supporting the J11 based single CAMAC crate system) the VME crate is coupled to
CAMAC via the MIL bus (MIL-STD-1553B) control unit VSE1000 and a CAM1000 module.
The control software has been written in C.
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Fig.1 The double-head BGO camera mounted at the beam line of the heavy ion synchrotron
at GSL. In the centre the turn around tables are seen which bear arms with the vertically
mounted linear tables with the detectors on top of it. The detectors can be moved around
the phantom of plastic wherin the beam coming from the left is stopped. (Photo: Achim
Zschau, GSI Darmstadt, RS-2080/11/93)
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¥ig.2 Schematic drawing of the movement control of the positron camera, MDU means
motor driver unit and SM means step motor. '
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Two different BGO detector modules for
use in ligth ion tumour therapy?

J. PAWeLKE!, W. ENGHARDT?, P, MANFRASS?
! FZ Rossendorf, 2 KAl e.V. im FZ Rossendorf

In-vivo measurements of the ranges of §+-radioactive beams by means of positron emission
tomography (PET) are regarded as an essential component for treatment plan verification in
a future light jon tumour therapy [1,2]. In order to minimize the radiation dose for patient,
detectors with high efficiency are required. Thus, bismuth germanate (BGO) is the detector
material of choice for such a PET application.

The spatial resolution of a BGO positron camera is primarily determined by the size of the
crystals. The limiting factor in decreasing the crystal size in multi detector PET scanners is
the problem of one-to-one coupling between scintillators and photomultiplier tubes (PMTs).
To overcome this, two dimensional arrays of crystals are coupled to PMTs, where the number
of PMTs is less than the number of crystals.

On the base of the results of computer simulations of the 511 keV y-radiation interaction
in BGO scintillators 2 different multicrystal 2D BGO detectors have been investigated by
measurements with an 13F flood source for an evaluation of the main properties (e.g. crystal
identification, energy resolution, detector efficiency). The main properties of the detectors
are:

[ " T Siemens ECAT [3] | 1) FZR |
Scintillator BGO block, specially matrix of 17 - 18
cut into 8 - 8 crystals | ___individual BGO crystals
Crystal Dimension 6.25 - 6.25 - 30 mm® 3-3-20 mm®
PMT four standard PMTs | one position sensitive cross wire anode
(A, B, C,D) PMT [4] coupled to x,y resistor chains
Detector Qutput || PMT amplitudes | charges divided by resistor
Signals i L Is I, Ip __chains Q4, Qp, Qc¢, Qb
Position Calculation X:%)-‘—@’i@ X=%a=9s
' t g f’f'”f Q.1+@p
Y:"-“'HBS (Ic+1p) v=%c=9p
N — Latlptlctln — Qctlp
Spatial Resolution ~ 6.25mm © 3.00 mm
Image Distortion || trapezium T home
Ratio of Max/Min of '
Detection Efficiency 1.8 3.0
Energy Resolution : ' . T —
of a Crystal about 20 % FWHM | about 37 % FWHM

In fig. 1 the position response distributions of both detector modules are compared. In both
systems each crystal can be distinguished, allowing the identification of where the scintills-
tion event took place. it ' ‘

The disadvantage of the FZR module is the rather great difference in the detector efficiency
of a factor 3 over the sensitive detector area. To investigate the reason of this, in measure-
ments at the KFA Jilich the PMT dynode outputs were determined, moving a blue light
emission diode (LEDY) in front of the FZR detector module with and without crystal array in
2 dimensions [5]. A dependence of the differences in the detection efficiency on the inhomo-
genieous PMT efficiency was found (see fig. 2) which requires further efforts for its reduction-
For a final evaluation of both detector systems, coincidence measurements (e.g. coincidence
efficiency and spatial resolution of a point source) with two modules in each case and the
investigation of the tomographic imaging of a tomograph using a higher number of modules
in each case have to be done. ~ ‘
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Fig.2 ,Projeciidn of the PMT dynode output, mmfing a LED in front of the FZR module
w1thou§ (fig. 2a) and with (fig. 2b) crystal array in two dimensions. Fig. 2c shows the
projection of the 2-dimensional event distribution generated by irradiation with a ¥®F flood
source. i - ‘ i i .
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A simple and fast reconstruction algorithm
suitable for on-line range measurements
by means of PET in light ion tumour therapy?

J. PAweLKE!, W. ENGHARDT?
1 FZ Rossendorf, 2 KAIe.V. im FZ Rossendorf

In vivo measurements of the ranges of f¥-radioactive beams by means of positron emission
tomography (PET) are regarded as an essential component for treatment plan verification in
a future light ion tumour therapy [1,2]. For this purpose a suitable positron camera system
that considerable differs from those applied in nuclear medicine has to be used at accelerator
beams. In refs. [3,4] first results of PET measurements of spatial [t-activity distributions
were presented, when radioactive beams were implanted into organic phantoms and the fol-
lowing annihilation events were detected. Longitudinal tomograms were constructed from
the measured data by means of backprojection and 3-dimensional iterative reconstruction [2].
In a further step the beam range was deduced from the tomograms. However, the use of
l;he reconstruction algorithm requires a lot of computing time and the measurement has to
be finished before the reconstruction can be started. Thus, an alternative algorithm for a
practical use in tumour therapy is desirable. It would be worthwile if the reconstruction can
be started during data acquisition.

A 3-dimensional tomographic reconstruction starts often with a backprojection. In a second
step the blurring, generated by the backprojection, is removed by means of a suitable recon-
struction method. Because of the special conditions for in-beam PET imaging of implanted
radioactivity (low activity, poor event statistics, limited angle and shift variant sampling}
the fast Fourier space deconvolution is not applicable for reconstruction. :

The 3-dimensional backprojection of a point source is a %—function where R means the dis-
tance from the source. In this work the backprojection was replaced by an empirical method
V.VhiCh determines the 3-dimensional distribution of pairwise intersection points of all event
lines measured. In difference to the backprojection this method shows a more complex shape
of blurring that depends on the spatial coordinates of the source points. However, it can
b.e assumed that this method leads to a sufficiently low blurring for exact range calcula-
tions without the need of time consuming tomographic reconstruction. In order to check
tl.us, images were reconstructed by the crossing point scheme from simulated event data of
dlﬁh““‘? combinations of point and line sources. The simulation shows a general reduction
of blurring in the case of simple compact activity distributions. For the purpose of range
measurements in tumour therapy such source distributions are given, thus, the application
of the intersection point scheme for reconstruction of PET measurements [3,4] was started.
In fig- 1 the 2-dimensional radioactivity distributions in sections of 2 cm thickness with the
beam in the centre calculated by the iterative scheme and the crossing point method are
c?rppared for two data sets. With both methods comparable images were obtained with the
difference of a slight blurring in the distribution from the method of crossing points. In real
th?ra'p}r PET range measurements using a f+-active beam for treatment plan verification and-
adjusting the therapy beam parameters before the actual treatment should be done with low
doses of radiation. In table 1 we compare the range values that have been extracted from
tomograms reconstructed from different numbers of annihilation events. They have been
calculated .by Projection the tomograms on the range axis and fitting the projection data
to a Gaussian.  Apart from the case of very low event numbers the faster crossing method .
calcu}ate"s the same ranges as the 3-dimensional iterative reconstruction with its effective -
suppression of the statistical noise [2]. The possibility of starting the on-line reconstruction
byi caictx}atxon the intersection peiﬁts of the event lines after registration of two events makes
:ri:ii tJtnet}‘tm‘l rather attractive for real therapy and will justify further efforts for its refine-
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Fig.1 Reconstructed S+-activity distribution obtained from 3-dimensional iterative recon-
struction (fig. 1a, 1c) and the method of crossing point calculation (fig. 1b, 1d). The upper
figs. show the implanted f*-activity distribution in the central slice of 2 homogeneous plastic
phantom generated by implantation a 1°Ne beam (E=406 MeV /u) with a 17F contamination
provided by the fragment separator with an achromatic degrader. The lower figs. show the
¥Ne distribution in a plastic phantom with small density deviations generated by irradiation
with a pure, monoenergetic ®Ne beam.

3D ITERATION o CROSSING

Events CPU-time /s | Range / mm CPU-time /s | Range / mm
7130 21000 | 140.94%0.11 520 ~ 140.8540.21
1000 21000 141.5140.29 18 | 141.1130.36
500 21000 141061046 | 9  140.60+0.49 |
100 || 21000 | 141.71+1.81 '3  143.8033.41 |

Table 1 Comparision of the 3-dimensional iteration and the crossing point method with
respect to the computational labour and the accuracy of the range calculation for different
numbers of annihilation events taken into account for reconstruction. The experimental data
are those of figs. 1a, 1b.
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The spatial distribution of positron-emitting nuclei generated by relativistic light

ion beams in organic matter
(Phys. Med. Biol. 37 (1992) 2127)

W. Enghardt, W.D. Fromm, H. Geissel, H. Keller, G. Kraft, A. Magel, P. Manfrafi,
G. Miinzenberg, F. Nickel, J. Pawelke, D. Schardt, C. Scheidenberger and M. Sobiella

Abstract: The range distributions of positron emitters generated during the stopping process
of relativistic light jons in organic matter exhibit a pronounced maximum near the range
of the primary particles. The shape of this distribution can be qualitatively understood
from a simple Monte Carlo approach of the stopping, fragmentation and decay processes.
These results offer the possibility of beam monitoring by means of PET techniques during
the tumour therapy with a light ion beam. Furthermore, a refinement of this technique may
allow the actual dose distribution to be calculated from PET data.

Limited-angle 3D reconstruction of PET images for dose localization in light ion
tumour therapy ~
(Phys. Med. Biol. 37 (1992) 791)

W. Enghardt, W.D. Fromm, P. ManfraB and D. Schardt

Abstract: In vivo dose localization in light ion tumour therapy can be performed by
measuring the range distributions of 8+ active ions in tissue employing positron emission
tomographic techniques. For this purpose a multiplicative iteration scheme for reconstructing
three-dimensional images from shift-variant, limited-angle data is presented. In the iterative
correction steps the algorithm uses the geometric means of quotients calculated from the
threefdimensional Radon transforms of the backprojected measured and approximated source
distributions. When sources measured with poor statistics are reconstructed, an effective
noise suppression is achieved.
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TOF-Meeting, FZ Jiilich, Oct. 7-8, 1992

K. Maéller:

Kiinftige Mittelenergiephysik: Das TOF-Spektrometer am COSY Jiilick;

Institut fiir Kern- und Atomphysik, TU Dresden, 30.4.1992

H. Miller:
Subthreshold Production of K~ Mesons;

Sitzung des COSY Program Advisory Committee in Jiilich, Feb. 18.-19, 1992 '

H. Miller:

Correlation between K+ Mesons and Fragment at Subthreshold Energies;

Workshop on Strangeness in Nuclei, Cracow, Poland, May 1992

H. Miller:
Results of Modified Phase-Space Model calculatxons
Collaboration Meeting 0° Facility, Jilich, Nov. 24-25, 1992

M. Miller:

Selbstorganisierende Mechanismen in einem Vxelteﬂchenﬂstem-
I: Modellbeschreibung
II: Numerische Ergebnisse;

Seminar talks, Ferienkurs “Selbstorganisation und Quantenchaos”,

21 - Oct. 2, 1992
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B. Naumann:

Programmentwicklungen zur Simulation der Proton-Proton-Bremsstrahlung am COSY-
Flugzeitspektrometer;

COSY-FFE-Arbeitstreffen, FZ Jiilich, Oct. 27-28, 1992

L. Naumann:
Die Mechanik des Startdetektors fiir die Bremsstrahlungsmessung;
TOF-Meeting, FZ Jilich, Mar. 17, 1992

L. Naumann:

Technische Anforderungen an das Flugzeltspektrometer am Kuhlersynchrotron in der KFA
Jiilich;

Seminar, Zentralabteilung Forschungs- und Informationstechnik des FZ Rossendorf Jun. 30,
1992

L. Naumann:

Der Status des Vakuumsystems des Startdetektors unter dem Gesmhtspunkt des separa.ten
Einsatzes ohne TOF-Tank;
TOF-Meeting, FZ Jiilich, Nov. 12, 1992

W. Neubert:

Fissilities of Nuclei in the Range of Ni to U;

Systematics of Energy and Momentum Transfer in Heavy Jon Collisions;
Fission Processes in Proton-Nucleus Collisions at E=1 GeV;

Level Density Parameters from Excitation Functions of (HI, xn);
Seminar, University of Messina, Italy, Jun. 1992

H.-G. Ortlepp: '
4x-Detector FOBOS for Experlments on Heavy Ion Beams,

Int. Workshop on Physical Experiments and First Results on Heavy Ion Storage a.nd Cooler
Rings, Smolenice, June 1-5, 1992

H.-G. Ortlepp:
The 47 Spectrometer FOBOS at Dubna
30th Spring Meeting on Nuclear Physics, Holzhau, April 6-10, 1992

J. Pawelke: ‘
In-beam PET imaging of 1mp1anted p051tron emitting ions;

Spring Meeting of the German Physical Society (Nuclear Physics Sections), Salzburg,
Austria, Feb. 24-28, 1992

J. Pawelke:
PET zur in-vivo Dosislokalisation in der Leichtionen-Tumortherapie; ,
Seminar, Institut fiir Kern- und Hadronenphysxl\ des FZ Rossendorf, Germany, Nov. 16,

. 1992

A. Pfitzner:
Correlation dynamics in nuclear matter and Landau’s kinetic equation;
Lectures, TU Miinchen, Germany, Mar. 8-21, 1992
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I. Rotter:
Resonance phenomena at high level density and quantum chaos;
Invited Talk, XV Nuclear Physics Symposium, Qaxtepec, Mexico, Jan. 7-10, 1992

I. Rotter: k
Fluctuations of the reaction cross section and quantum chaos;
Seminar, Instituto de Fisica, UNAM, University of Mexico, Mexico-City, Jan. 17, 1992

I. Rotter:

Nuclear structure investigations at low and high level density;

Spring Meeting of the German Physical Society (Nuclear Physics Sectnons), Salzburg,
Austria, Feb. 24-28, 1992

I. Rotter:
Quantenchaos in der Streuung;
Seminar, LMU und TU Miinchen, May 26, 1992

1. Rotter:
Resonance phenomena at high level den51ty,
Second International Symposium on Nuclear Excited States, Lodz, Poland, Jun. 22- 26 1992

I. Rotter: :
Selbstorganisation und Chaos in einem quantenmechanischen Vielteilchensystem:;
Seminar, Institut fir Theoretische Physik I der Universitit Miinster, Jun. 29., 1992

L Rotter:
Selbstorganisation und Chaos in Atomkernen;

Invited Lecture, Ferienkurs “Selbstorganisation und Quantenchaos”, Dresden, Germany, Sep.
21 - Oct 2, 1992 «

I. Rotter:
Synergetik und Kernphysik;
“Chaos und Strukturbildung 927, Miinchen, Nov. 7, 1992

I. Rotter:
Nonlinear phenomena in nuclei;
“Resonant States”, Workshop, GANIL, Caen, France, Nov. 19-20, 1992

L. Rotter: :
Formation of quantum chaos in nuclei:
Seminar, Institut fiir Kernphysik des ¥z, Jiilich, Nov. 24, 1992

R. Schwengner:

In-beam study of %3Br;

Spring Meeting of the German Physical Society {Nuclear Physics Sections), Sa.izburg,
Austria, Feb. 24-28, 1092

R. Schwengner:

Channel selection with Si detectors;
EUROBALL Meeting on Auxiliary D&tectgrg and Selective Devices, Berlin, Jun. 1992
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W. Seidel:

Untersuchung der MMtifr@entation von Atomkernen am ALADIN-Spektrometer der GSI
Darmstadt;

Seminar, Institut fiir Kern- und Hadronenphysik des FZ Rossendorf, Germany, Mar. 2, 1992

W. Seidel:
Improvement of the MUSIC;
ALADIN-Workshop Darmstadt, Germany, May 20, 1992

‘W. Seidel:
Multifragmentation bei SIS-Energien;
Seminar, TU Dresden, Germany, Dec. 10, 1992

W. Wagner:
Szintillatorschale des FOBOS-Arrays;
Seminar, HMI Berlin, Germany, Jan. 20, 1992

R. Wiinsch:
Pecularities of the Nambu and Jona-Lasinio model;
Seminar, Ruhr-Universitit, Bochum, Germany, Jul. 1992

R. Wiinsch:
Nucleons in the Nambu & Jona-Lasinio model;
Seminar, FZ Jilich, Germany, Sep. 1992
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3. Talks of Visitors




J. Speth, Jilich:
Struktur der Elementarteilchen;
Feb. 7, 1992

A. Rudchik, Kiev: _
Many nucleon transfer reactions on light nuclei and cluster spectroscopy;
Mar. 9, 1992

O. Schult, Jiilich:

Circulating beams - a powerful tool for medium energy physics studies; |
~ Mar. 23,1992

C. Toepfler, Erlangen:
Dynamik von Mehrteilchenkorrelationen in angeregten Atomkernen;
Apr. 13, 1992

H. Lenske, Miinchen:
Kovariante Reaktionstheorie fiir relativistische Kernreaktionen;
Apr. 27, 1992

K. Goeke, Bochum:
Hadronenmodelle im Rahmen der niederenergetischen QCD;
May. 4, 1992

D. Einfeld, Dresden:
ROSY und die Kernphysik;
May. 18, 1992

U. Schmidt-Rohr, Heidelberg:
Masse und Helizitit der Neutrinos aus dem f-Zerfall;
Jun. 4, 1992

V. Herrmann, Jilich:
Off-shell Effekte in der Proton-Proton-Bremsstrahlung;
Jun. 22, 1992 :

O.P. Pavlenko, Kiev:
Dilepton production in ultrarelativistic heavy ion collisions;
Jun. 29, 1992

I. Ragnarsson, Lund:
Assignment of Nilsson orbitals at superdeformation - identical bands;
Jul. 6, 1992
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H. Schanz, Dresden:
Quantenchaos im Modell nicht-iiberlappender Streuer;
Jul. 13, 1992 '

A. Mondragon, Mexico:
Degeneracy and crossing of resonance energy surfaces;
Aug. 5, 1992

R. Esser, Jiilich:
Szintillationsdetektoren fiir die 0°-Facility an COSY;
Aug. 17,1992

G. Pausch, Berlin: :
Teilchenidentifikation in Halbleiterdetektoren durch Impulsformanalyse:

Experimentelle Ergebnisse und Ansdtze zur quantitativen Beschreibung;
Aug. 24,1992

A 1. Titov, Dubna:
Vector meson production within the Nambu-Jona-Lasinio model;
Sep. 7, 1992

H.L. Harney, Heidelberg:
Statistische Spektroskopie;
Sep. 14, 1992

F.M. Dittes, Rehovot:
Bericht iiber Arbeitsaufenthalt am Weizmann-Institut Rehovot;
Oct. 5, 1992

T. v. Egidy, Miinchen:
Antiprotonen-Annihilation an Atomkernen;
Oct. 12, 1992

U. Kaup, Koln:
Wechselwirkende Bosonen in Atomkernen;
Oct. 9, 1992

B. Lukacs, Budapest: ‘
Anisotropic continuum models for high-energy heavy-ion collisions;
Oct. 16, 1992

D.H.E. Gross, Berlin:

Multifragmentation von Atomkernen;
Oct. 19, 1992
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S. Krewald, Jiilich:
Ein neuer Zugang zum Confinement-Problem;
Oct. 22, 1992

I. Kawrakow, Leipzig:
Partonenmodell zur Beschreibung hochenergetischer Kern-Kern-Stofle;
Oct. 26, 1992

Ch. Ender, Heidelberg:
Konzeptionelle Vorstellungen zur EUROBALL-Elektronik;
Nov. 6, 1992

G. WoHlf, Darmstadt:

Dileptonen- und Mesonenerzeugung in Schwerionenstdfien;
Nov. 9, 1992

H. Grawe, Berlin:
Struktur exotischer Kerne nahe 1%%Sn;
Nov. 23, 1992

G.G. Bunatian, Dubna:

Zur Nukleonenstruktur im Vakuum und in Kernmaterie;
Nov. 30, 1992

L.P. Csernai, Bergen:

Reaktionsdynamik und Hadronisation vom Quark-Gluon-Plasma in Schwerionenst&Ben;
Dec. 7, 1992

A. Peter, Gieflen:

Einfluf der Wechselwirkung auf Nukleonenkorrelationen im Atomkern;
Dec. 10, 1992

M. Schleif, Dresden:
Baryonen im NJL-Modell;
Dec. 14, 1992 '

L. Kaptari, Dubna:

Nuclear effects on the guark distribution of nucleons - deep-inelastic scattering processes;
Dec. 18, 1992
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1V. Personnel



Scientific Staff

M. Andrassy

Dr. HW. Barz V
L. Dietterle 24

Dr. F. Dénau

Dr. S. Dshemuchadse
Dr. W. Enghardt )
Dr. S. Frauendorf
Dr. P. Gippner 9
Dr. C.M. Herbach %4
Dr. D. Janssen 1)
Dr. B. Kampfer 1)
Dr. L. Ksubler V)
Dr. P. Kleinwichter
Dr. R. Kotte

Dr. P. Manfrafi
Dr. A. Matthies 24
D. May 24)

Dr. P. Michel

Dr. K. Maller V)
Dr. J. Mésner

Dr. H. Miilier

Dr. B. Naumann 2
Dr. L. Naumann
Dr. W. Neubert
Dr. H.G. Ortlepp ¥
Dr. A. Pfitzner

Dr. H. Prade

Dr. J. Reif

G. Renz 2%

Dr. H. Richter 3
Dr. H. Rotter 3
Prof. L. Rotter V)
A. Schamlott 2
Dr. K.D. Schilling
Dr. M. Schlett

Dr. R. Schwengner
Dr. W. Seidel

Dr. W, Wagner ¥
Dr. G. Winter

D. Wohlfarth

Dr. R. Wiinsch

Technical Staff

M. Altus

H. Angermann
U. Baumann
J.U. Berlin

M. Boeck

M. Bose

J. Fiedler

R. Forster

M. Freitag

L. Gébel

K. Heidel

K.H. Hermann
J. Hutsch

J. Kerber

E. Kluge

M. Koslowsky
M. Langer

B. Prietzschk
I. Probst

B. Rimarzig
H. Rémer

M. Scheinpflug
C. Schneidereit
W. Schulze

M. Sobiella,

A. Uhlmann
C. Umlauf 4

Postgraduate Students

J. Biegansky
B.G. Hasch

B. Heide

J. Kriiger

T. Méhlenkamp
M. Miiller

J. Pawelke

C. Schueider
A. Schiilke

1) Finanzierung durch die KAI(WIP)
2) Drittmittelstelle

3) Finanzierung iiber ABM

1) 2.Z. VIK Dubna
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