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Preface 

The Forschungszentrum Rossendorf (FZR), a research center at the outskirts of Dresden, 

traditionally has had - and still has - an intensive research program in the fields of nuclear 

and hadron physics; experimental projects at various accelerators outside of the center 

are pursued as well as number of theoretical investigations in this domain. This Annual 

Report presents the latest results of pure research performed within the Institute of  Nu- 

clear and Hadron Physics (IKH), out of which a few highlights should be mentioned here: 

In the Hadron Physics Department interesting results - experimental as well as theoreti- 

cal - were obtained concerning the role of strangeness in hadronic and nuclear processes. 

The TOF spectrometer at the Jülich COSY ring - an experiment with strong Rossendorf 

participation - will be able to increase its role in this exciting field after the installation of 

the large scintillator barre1 built at Rossendorf and shown on the front Cover. The Depart- 

ment of Nuclear Physics reports new results on the study of heavy-ion collision dynamics 

by the observation of proton correlations and on a recently observed mode of tripartition 

of heavy nuclei - a fission in three nearly equal parts. The nuclear spectroscopy activites 

will gain heavily from the completion of EUROBALL, an European project of  a large 

acceptance photon spectrometer which was partly built at the FZR; in that respect new 

rotational modes - "magnetic" and "chiral", both first predicted at Rossendorf - are of 

special interest. 

The Annual Report also gives examples of the interesting applications of nuclear physics 

methods - experimental and theoretical - to other fields of science and technoiogy, espe- 

cially biomedical research. An outstanding example of such a transfer of technology devd- 

oped for fundamental research in subatomic physics to various other EeMs is the project 

ELBE which was officially started at the FZR in 1996. This facility will come into Oper- 

ation in 1999 or 2000, its heart will be a supercionducting linear accelerator ~vi%h similar 

rf-linac-structures as developed at the particie physics laboratory DESY to become park zJf 

their future accelerator. At Rossendorf, it will bring electrons to SO - and lalater 40 - Me'& 

i-e. to more than 99 % velocity of light. Its low emittmce and thus high brilliance beam 
will ailow the favourable use of different methods to produce ektrornagnelatic radiatim 

from it; as a brilliant source of phoions in a wide range of wavelen@hs iit is isamed &di- 
ation Source ELBE (ELBGQueHe). The project ELBE is park of this A m m l  Report aLa. 

the Institute ofs'\iizzclear and Hadron Physics has initiated thls projecit and is now h-tsav& 

involved in design skudies for ELBE and &he relsted mperimientr;, 



In the first chapter some of the components of ELBE are presented as well as preparative 

studies performed at the electron accelerator S-DALIN.4C at TH Darmstadt. Among the 

work performed there are experiments on inelastic pho ton scattering from nuclei; these 

studies are part of the FZR nuclear spectroscopy program presented in chapter 4. The 

chapter on Hadron Physics (no. 2) combines meson production studies performed with 

heavy ion projectiles at the heavy ion synchrotron SIS at G'S1 Darmstadt to experiments 

performed with proton beams at COSY (KFA Jülich) and to related theoretical investiga- 

tions. The third chapter combines theoretical and experimental results of investigations 

on the dynamics of  nuclear reactions; the experiments mrere performed at the JINR at 

Dubna and also at the S B .  Chapter 5 is devoted to biomedical research using nuclear 

physics methods; it is followed by a chapter (no. 6) O n  technological developrnents, from 

which the contributions of tbe Rossendorf Detector Laboratory deserve special attention. 

The traditional Holzhau-Meeting which was held in March 1996 gathered a number of 

mrell-known scientists from the fields of radiation and free electron laser physics. It thus 

became a milestone for the design and the research program of  the Radiation SourCe 

ELBE. The second part of the meeting was devoted to nuclear structure physics with 

large detector arrays as well as to problems related to the role of strangeness, charm arid 

beauty in medium energy physics; both topics are of  strong interest for our institute. 

n e  scientific activities of the Institute have benefitted from generous support from various 

institutions. First of  all, mre gratefully acknowledge the close and fruitful collaboration 

with the Institute for -Muclear and Particle Physics of the T U  Dresden and many 

scientific institutes in Germany and abroad; such contacts are o f  vital importance for 

our institute. Specific projects were financially supported bj- the Federal Ministry for 

Education, Science: Research and Technology (BMBF), the German Research C o r n m u n i ~  

(DFG), the Saxen State &Ministry for Science and Art (SMWK), KFA W i c h  and GSI 

Darmstadt. We  e,xpress our g-ratitude to all these institutions as well as to the Executive 

Board of  the Forschungszentrum Rossendorf for its essential support o f  the ELBE project. 



The Radiation Source ELBE 
On September 25, 1996 the Supervisors of the Forschungszentrum Rossendorf (FZR) authorized 
the construction of  a superconducting 20 MeV aec tron  Source with high Brilliance and low 
Emit tance (ELBE). This electron accelerator will be used to drive a Free Electron Laser (Fm) - 
for the production of infrared radiation in the wavelength region of about I Opm - 200 pm and to 
perform experimental investigations in nuclear and radiation physics. In addition, it is planned 
to produce positrons and neutrons as a tool for material research purposes. 
The realization of  the project - which is planned to be completed by the end of 1999 - is a 
common task of the Central Departments Experimental Facilities & Information Technology 
and New Accelerators as well as the Institute for Nuclear & Hadron Physics. Project leader 
is Dr. F. Gabriel, head of the fist department mentioned above. The activities connected to 
ELBE are carried out not only by the research center, there exist also close collaborations with 
Stanford University, DESY Hamburg, TH Darmstadt and Tu' Dresden, whose help is gratefully 
acknowledged. 
The activities around the radiation source ELBE are focused on the following fields: 

the new building 

the superconducting electron accelerator (electron energy x 20 MeV; average beam current 
up to 1 mA; acceleration frequency 1,3 GHz) 

the cryogenic system 

the undulators and optical resonators of the IR-FEL's 

the laboratories to allow experiments with infrared radiation by internd as well as external 
Users 

the preparation of nuclear structure investigations by means of nuciear resonance Auores- 
cence experiments 

the design ofradiation physics experiments with channeling and parametric X-ray radiation 
in the energy region between 2 keV and 50 keV 

the production of positrons and neutrons 

During the last year the layout of the building was elaborated where special attention was paid 
to the necessary radiation protection and the creation of an FEL wer facility (CL Figg 9). "J.he 
radiation shielding of the machine and the experimental caves was calculated by assuming an 
electron energy of 50 LM~V end an average current of 3 d. 
The eight FEL laboratories and the positron laboratory do not need any shielding* The prcb 
duction o f  neutrons at ELBE as being planned by the Technical Unitiersity of Dresden W O X - I ~ ~  

require an extension of the length of the building by sevexal meters. Up to nowr zk so d e d  
Raumbedarfsplan ijustifkation of the plannind and .Ehe Antrag auf ErrichtungsgenehmIgu11g 
(request for permission for the building) have been submitted to the rqonsible authorities. 
The radiation source ELBE will be equipped with two different injectors: 8 thr:rmionis sf-faun 
for continuous wave operation wlth the microp&e structurc? of 3-3 GHz and a pulsed % ~ C ~ X O B  

gun with a time structure of lS,8 i;MHz for the FEL opexation. T h  ctxXxguit (CL D. Jamseaa P- 
vom Stein) fias atready been b ~ &  and is presently being Zested (cf A. Rhbaurn et &.]. .Ehe 
second one wili be developed in coanection wich ehe gun o f  the S W a x d  13aiversf8$ 
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A Low Emittance CW-Electron Injector for the ELBE Accelerator 

For applications in nuclear and radiation physics there is an increasing demand for electron 
beams with superior brightness in the medium energy range. This work presents the injector 
design for the superconducting accelerator ELBE [I]. The injector consists of a thermionic rf- 
gun, working at a frequency of 1.3 GHz in cw-modeL2J. The superconducting section is based on 
the technology established at TESLA [3], modified for cw-operation. The accelerator will deliver 
a 20 MeV beam with an rms energy spread of 10 keV and an average current of up to 1mA. 
The normalised transverse emittance remains 1 n mm mrad. The arrangement and operating 
parameters of the accelerator components were settled by numerical optimization considering 
longitudinal beam dynamics. The result led to a nonlinear bunching scheme, which compensates 
the high longitudinal emittance from the thermionic rf-gun. 

RF-Gun Solenoid Drift + Solenoids TESLA Cavity 1 

Buncher Accelerating Tube Capture CaviQ TESLA Cwity 2 

330 kV 1 280 kV 

Fig. 

I I Ground Polential Cryostat 

1 Schematic view of the accelerator arrangement 

Fig. 2 Bansyerse emittance versus beam cwent 

I F". Gabriel ed., FZR Interna1 Design Report (1995) 
2 D- Jamsen, P. vom Stein, NB5 A380 (1996) 497 
3 D.&- Edwards ed.: TESLA T& Facility-Desigia Report, DESY, 3363nburg [199O] 



Calculation, Design, Manufactering and Test of a new 
CW-Thermionic RF Gun 

A new cw thermionic RF gun for the ELBEproject [I] has been built and successfully tested 
in a special test-facitly (see Fig.l). The corresponding design is discussed in [2]. In contrast to 
the pulsed thermionic RF-guns the RF-power of the gun-cavity can be limited to 100 W, so 
that it is possible to work in the cw-mode. The buncher at high voltage potential allows a very 
effective compression of the bunchlenghts (see Fig.2). The following acceleration up to 360 keV 
is performed by an electrostatic acceleration tube. 

Accelerator 

araday 
CUP 

Fig. 1 The gun-testfacilify 

with cathode 

Fig. 2 T h  thermionic RF-gun and the buncher 

Solenoid 

Buncher 
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Fig. 3 Energy distribution of the electron beam 
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Fig. 4 Profiles of the electron beam, measured by opticd transition radiation. The hea* radiation 
background has been separated fiom the optical transition radiation by means of a poImIzation 
filter and image processing. 

The current, the energy, the ernittance and the energy spread of the eiectron beam has been 
measured the test facility. Due to radiation safety the current is limited to  100 A at the energy 
of 330 keV. For these values the edttance E = 0.2 n mm mrad has been obtained. The ener- 
gy spread is a function of the buncher phase and amplitude. lls maximal value is about 10 
keV. Fig. 3 and Fig. 4 show some examples for the beam proBe and the enefgy spread, mea- 
sured by the intensity of the transition radiation, which is emitted &m an dumumbiwn foil target. 

Zentralabteilung Forschzcngs- und ~nformrrtionstechnik, FZB ' 
ZentrßiabteiZung Neue Beschleuniger, FZR 

References 
[I] F. Gabziel ed., FSR Interna1 Design Report (1995) 



Cryogenic System for the Radiation Source ELBE 

In Order to maintain a working temperature of 1.8 K for the superconducting cavities bath 
cooling with superfluid helium is required. Despite superinsulation of all components and the 
introduction of an 80 K thermal shield inside the helium cryostat heat loads at 1.8 K total 
in N 113 W, mainly due to the high dissipation energy connected with the cw-regime of the 
superconducting cavities. Additional 150 W at 80 K are required. The helium plant as it will 
be realized for ELBE is based on a modified Claude cycle, specified for 200 W at 1.8 K and 200 
W at 80 K: respectively. 

Compressed helium gas at  1.3 MPa and ambient temperature is cooled down to 4.4 K by passing 
a combination of counterflow heat exchangers and work extracting expansion turbines. A minor 
part of the cold helium is branched off and, after passing a further heat exchanger placed directly 
at the cavity cryostats, expanded to 1.6 kPa (helium vapor pressure corres~ondin~ to 1.8 K). 

Recompression to atmospheric pressure partially is done by a two stage "cold compression", i. e. 
the heIium gas is partly compressed at low temperatures (B 4 K) by means of two centrifugal 
machines in series. The application of these "cold compressors" implies a lot of sophisticated 
techniques and therefore up to now was used only in large scale helium plants as e.g. for CERN. 
Benefits of this solution are savings in size and expenses for the ambient temperature vacuum 
system and for the low density heat exchangers inside the cold box. Since the ~uperconductin~ 
cavities are extremely sensitive to microphonics, all components are placed in a separate building 
with own foundations. The helium cycle compressor is split into a 226 kW and a 60 kW unit 
thus allowing a flexible adaptation to the actual refrigeration demands (e.g. for stand by / full 
load mode of the accelerator). Additionally the operation of the plant as liquefier is possible. 
An outstanding feature of the helium plant for ELBE is the possibility of a later upgrade to 
400 W at 2.1 K in case of increasing refrigeration demand in the future. Even so the cryogenic 
system represents the fourth in size of this kind all over Germany. 

The figure shows the simplified flow scheme of the cryo- 
genic system consisting of the cycle compressors Cl,  C2, 
the liquefier with additional heat exchangers, the subcool- 
ing heat exchanger HX and the 1.8 K cryostat. On the 
low pressure side the two stage "cold compression" CC1, 
CC2 and the vacuum pump system at ambient tempera- 
ture (VP) are indicated. 



ELBE - Radio Frequency System 

For the Radiation Source ELBE [I] the rf-system (details See Fig. 1 and Table 1) has to provide 
a total rf-power of 20 kW (cw) : to meet the design values (energy 20 MeV, average current 
1 mA). The activities within the ELBE rf-project during 1996 Cover the design work for the 
rf-system and the development of an experimental set-up for a gun test stand . The gun test 
stand has been built to study the performance and the handling of an electron beam, emitted 
by a thermal cathode, mounted inside a microwave resonator 121. This experimental set-up has 
also been used for testing and optimizing the layout and the performance of rf-modules, which 
we are going to use for the linac, too. 
Table 1 RF-parameters for ELBE 

Component 
Pulses GUN (FEL-mode) 

Based on the key decision to use TESLA-cavities for the superconducting part of the cw- linac, 
the frequency of the system has to be 1.3 GHz. To obtain 10 MeV / m energy gain per cavity 
and 1 mA cw-beam current, each power arnplifier has to provide 10 kW. The working point 
of the Klystrons has to be within the linear part of its characteristics. Klystrons available are 
the K3320R (15 kW, EEV-Chelmsford) and the VKL 7811ST (lOkW, CPI - Pa10 Alto). We 
have chosen the VKL 7811ST because of its permanent magnet system. A problem that has 
not been solved yet is the power capability of the rf-main couplers to the helium cryostat. We 
try to learn from Stanford University, putting a cw-linac into operation, based on the same 
cavities and couplers. Two injectors are forseen to serve the experiments. The design of a pulsed 
mode injector used for FEL operation has not been fixed yet. The cw-mode pre- accelerator 
(1.3 GHz) has been performed and optimized at the test stand (rf- modules covered by a dotted 
line in Fig.1). The system for the test stand is driven by a 1.3 GHz PLI;- oscillator, that allows 
frequency tuning to study the temperature stability of the copper resonators and several working 
points depending on the coupler performance. A phase stable glass-5ber link (Thomson CSF, 
analog bandwith 3 GHz) is used to feed the sinusoidal1.3 GHz signal to  the rf-ampliiiers on top 
of a 300 kV terminal [3]. All low-level rf-modules are of equal design, and consist of a phase and 
amplitude leveling unit buffer amplifiers and power modules [4]. The piezoelectric cavity tuner 
of the gun is controlled by a dc voltage in  dependence of the mismatch between power arnplifier 
and input coupler. The system was put into operation in august 1996. Failures during first tests, 
performed in early spring 1996, were a melted rf-antenna of the gun, melted contact-fulgers 
inside the gun-resonator (delivery of tin-plated fingers instead of silver-plated ones) and some 
~elfexcitations of high-gain rf- amplifiers caused by gound loops. All ihese problems hzwe been 
solved. 

Zentralabteilung Neue Beschleuniger, F"ZR 

Buncher 1 (FEL-mode) 
Buncher 2 (FEL-mode) 

cw-GUN 
cw-Buncher 1 
cw-Buncher 2 

TESLApower amp. 

[l] F. Gabrief; ELBEQuelle, Interner Projektvorscblag; FZRossendarf 19'95 
[21 D. Janssen and P. vom Stein, N M  63811(i996)497 
[3] 34%. Scheurer, Diplomarbeit, HWT (FE) Dresden 1996 
[4] B. Bü%eig; PZR-141 (1996) 62 " 

RF-Power(cw) 
100 W 

Remarks 
wide band 10-500 MHz 

250 W 
500 W 
100 W 
100 W 

max 1 k W  
10 kW (cw) 

260 MHz 
520 MHz 
1.3 GHz 
1.3 GHz 
1.3 GHz 

klystron VKL 7811ST 
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The Status of the Beam Transport System for the ELBE Project 

The most essential group of elements of the electron beam transport systern for the ELBE project 
consists of two s-formed double arc's with deflection angles of two times 90° [I]. They guide the 
beam from the accelerator hall into the room of the F'ree Electron Laser (FEL). Furtherrnore, 
they should be (i) achromatic, (ii) isochronous and (iii) possibly able to compress the beam 
bunches within the longitudinal phase space. Part of the two systems, until now taken into 
consideration, were shown in Fig. 1. 

0 2 4 Um 

Fig. 1 
Part of two different electron beam transport systems. The trapezoids represent the bending 
magnets, whereas Hack and white boxes are verticalIy and horizontally focusing quaclrupoles, 
respectively. 

The calculations were performed with the program MIRKO [2] and TRANSPORT [3] based 
on the formalisms of transport (T) and beam (0) matrices. MIRKO allows an interactive werk, 
especially an interactive fitting of beam envelopes, T-matrix elements and coefficients of the 
beam ellipses in the transversal phase space. It is well suited for getting Lhe field pasameters of 
quadrupoles, which can easily be introduced into the input file of TRANSPORT for calculations 
of higher orders. The system shown in Fig. 1 (left side) fuliills the mentioned conditions (i) - {E) 
and can supply the FEL equipment with a beam of less than 1 mm diameter 141. 1% disadvantäge 
is the large number of quadrupoles and 30" dipoles needed. Sherefose, ithe simpler aystem 
of Fig. I (right side) is under investigation presently. 

References 
[q this Annual Report 
[2] B- Efanczak, GSI Darmstadt, mrko, Version 5.13, 1989 
3 D-C. Careyi K.L. Brown, F. Rothacker, %AC-R95-462 
[4 U- Nething, R. Sah, Annual Report '1995, FSR - 130, p. 133 



1 Considerations for an Infrared FEL at the Radiation Source ELBE 

W. SEIDEL, K.D. SCHILLING, F. GABRIEL~, P. GIPPNER, E. GROSSE, U. NETHING, 
H. PRADE, R. ZAHN 

The scientific program at ELBE concentrates mainly on the usage of the high-brilliant 20 MeV 
electron beam to drive two free-electron lasers (FEL) in the far-infared region. The first of 
them has been designed to be based on an electromagnetic undulator, comparable with that of 
the FIREFLY FEL at Stanford. Its radiation spectrum will Cover the region of about 30-150 
pm wavelengths. The second FEL will be realized on the basis of an undulator with permanent- 
magnet (hybrid) structure and will produce intense picosecond light pulses in the shorter wave- 
length region. Both FEL's will be driven in parallel with subsequent beam bunches to allow 
pump-probe experiments with independently tunable wavelengths. They will serve as a User 
facility for potential Users inside and outside of our institute. 

In the review period, several conceptual design studies have been performed. They comprise the 
beam transport calculations and the choice of the individual beam-line components (dipole arid 
quadrupole magnets,diagnostic elements) , in order to optimize the beam line for the eficient 
transport of the &gh-quality electron microbunches into the undulators. Also, the conceptual 
plan of the optical (FEL) laboratory complex has been realized. The present activities aim at 
the elaboration of future research lines and experimental requirements: what kind of experi- 
ments can be done at an IR-FEL, which wavelengths are of particular interest and what kind 
of performance is needed for future applications. Special attention is given to the extension of 
the spectral range below 30 pm and beyond 150 pm, the intensity requirements and the time 
structure. For final decisions we need the information about the state-of-the-art of the already 

. existing IR-FEL User facilities in the world. Therefore, a compilation of these facilities has been 
made, which is presented in Table 1. 

Each FEL is identified by its location or name. The electron beam energy and peak current as 
provided by the accelerator are listed in the second and third columns in units of MeV and Am- 
peres. The fourth column r,i„ presents the electron micropulse length in picoseconds and the 
buneh separation in nanoseconds. The next column Tmmo of the table contains the macropulse 
duration in microseconds and macropulse repetition rate in Hz for the electron beam. The av- 
erage current (I) in microamperes (PA) is shown in the sixth column. The seventh column of 
the table summarizes the operating wavelength range X in micrometers (PA). The large range of 
operating wavelength, four orders of magnitude, indicates the flexible design characteristics of 
the FEL mechanism. The optical output power for the average in Watt and for the micropulse 
in NIegawatt are given in the eighth column. In the last column, the main undulator Parameters 
are compiled. "E2ectr. " stands for electromagnetic, Ha for Halbach type, Hy describes the hy- 
brid undulators. The usally applied permanent magnets are Sm-Co or NdFeB. The conventional 
periodic undulators are characterized by the length L in meters, the undulator period length 
X, in centimeters, the number of undulator periods N, the minimum magnetic field gap g in 
millimetres and the undulator parameter K. 

I Zentralabteilwng Forschungs- und Informationstechnik, FZR 
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Channeling Radiation - Continuum State Contributions to the Spectral 
Density B>DS 

U. NETHING, J. FREUDENBERGER', H. GENZ' , V.L. MOROKHOVSKII~, A.  RICHTER^, H. 
PRADE: J.P.F. SELLSCHOP~, R. ZAHN 

Investigations have been performed at the superconducting electron accelerator S-DALINAC 
of the Technische Hochschule Darmstadt to explore the continuous part of planar channeling 
radiation produced by bombarding a natural diamond crystal (55 P m  thick) with electrons of 
6.8 and 8.3 MeV kinetic energy. The bound state regime corresponds to the electrons being 
guided by a Single lattice plane, while the free state regime corresponds to electrons crossing 
the lattice planes. The bound-to-bound transitions (bb) cause the discrete channeling radiation 
lines. The £ree-to-free transitions (8) can be interpreted as coherent bremsstrahlung, especially 
the AN = 2 transitions [I]. Finally, the free-to-bound transitions (fb) are lying in between these 
two pictures where electrons crossing the lattice plane will be trapped by a single plane after 
the emission of a photon. 

The later two types are majorly responsible for the continuous Part of the channeling radiation 
and were analyzed at three different photon energy ranges as a function of the tilt angle with 
respect to the electron beam direction and the crystallographic plane [2]. The intervals were 
selected between 9.5 and 14.5, 20 and 25 as well as 25 and 30 keV, respectively. The observed 
photon energy corresponds to the energetical difference of the states involved. The calculated 
contributions of the initial states for the energy windows used are listed in table 1. As the 
energy window is shifted to higher photon energies, the group of states are also shifted to higher 
continuum states. In the case of channeling along the (111) plane the density of the initial states 
is larger in comparison with the (110) plane. In the range between 9.5 and 14.5 keV the number 
of the ff and fb transitions are nearly equal for all cases (8.3 MeV, 6.8 MeV, (110), (111) plane). 
The contributions of the ff transitions are dominant for the (111) plane in the energy range of 
20 to 30 keV. For the (110) plane even at the highest photon energy the number of ff arid fb 
transitions are of the Same order. For channeling along the (111) plane the main contribution 
in the energy range between 20-30 keV is the coherent bremsstrahlung. For all other cases the 
observed spectra can be described by assuming a mixture of coherent bremsstrahlring arid the 
free-to-bound type radiation. 

Table 1: Calculations of the initial states (IS) denoted by their quantum numbers (N) for the 
different energy windows. For N > 2 at 6.8 MeV and N > 3 at 8.3 MeV the states are free. 
The nuniber of fb transtions are labeled with #fb and the number of ff transitions with #;ff, 
respectively. 
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Photon Energy / (110) 6.8MeV 
I 1s #fb #ff 

(111) 6.8 MeV 
1s #fb #ff 
4-15 5 6 
10-14 0 3 
11-17 0 7 

9.5 - 14.5 keV 
20 - 25 keV 
25 - 30 keV 

(111) 8.3 MeV 
IS #fb #ff 
3-12 6 7 
6-13,17-21 2 10 
10-14, 22-30 1 8 

3-6 3 2 
5-6, 8-10 2 2 
6-7,10-12 1 3 



Coherent Bremsstrahlung Production under Channeling Condition B,D1w 

R. ZAHN, J. FREUDENBERGER', H. GENZ~,  V.V. MOROKHOVSKII~ , U. NETHING, 
H. PRADE: A.  RICHTER^, J.P.F. SELLSCHOP~ 

Coherent bremsstrahlung (CB) is emitted when a charged particle is traversing a crystal and 
the momentum transfer to the crystal corresponds to a reciprocal lattice vector r. Two kinds of 
coherent bremsstrahlung are distinguished [I]. Type A is radiated if r is lying in the reciprocal 
lattice plane, which is approximately normal to the direction of incidence and contains the origin 
of the reciprocal lattice space. In contrast, coherent bremsstrahlung of type B arises if this plane 
does not contain the origin. 
Charged particles can be trapped by a plane or a row of atoms of a crystal [2]. This effect is 
calIed channeling and is due to the eIectrostatic potential which is built up by the planes or 
rows. If the particle is trapped by a plane, one speaks of planar channeling. If the particle 
spirals around a row of atoms, the effect is called axial channeling. 
The spectral density of coherent bremsstrahlung depends on the structure factor S, which de- 
scribes the interference conditions in a unit cell of the crystal. In our experiment a diamond 
crystal has been used. Since in the case of diamond the structure factor amounts to S = 0 
for r=(110), one expects to observe no coherent bremsstrahlung due to S = 0. But, this holds 
only if the electrons in the crystal can be described by a plane wave (first Born approximation). 
However, under channeling condition the electrons have to be described by Bloch waves and the 
Cross section for r=(110) is not Zero. 
A first test experiment concerning CB of type B under axial channeling condition has been 
performed at the super conducting linear accelerator S-DALINAC at the TH-Darmstadt with 
electrons of about 3 MeV kinetic energy. The diamond crystal has been bombarded with elec- 
trons in the direction of the [110] axis. In figure 1 the ratio of two spectra is shown. The 
spectrum under axial channeling condition has been divided by a non-coherent bremsstrahlung 
spectrurn, which has been measured for an arbitrary direction of incidence. The peak of coherent 
brernsstrahlung type B at 350 keV is clearly visible suggesting the description of the channeling 
electrons by Bloch waves. 

0 . 8 ' " " " " ' " " " * " " " ' I  
250 290 330 370 4 10 450 

Photon Energy (keV) 
Fig. 1 htensity ratio of coherent bremsstrahlung type B under axial charineling condif5-m to 
non-coherent bremsstraalung. The measured spectra have been normalized by the accnmu1ated 
electron beam charge. 
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The Development of a Superconducting RF Gun: 
Status of the Drossel Collaboration 

In the beginning of 1996 the Drossel collaboration was established between the FZR arid the 
BINP Novosibirsk for the development of a new electron injector. The injector combines the 
principle of a photocathode rf gunl with the use of superconducting (SC) accelerating cavities. 
The objective of this development is a SC rf gun, which delivers a bunched electron beam in 
current wave (cw) mode. The beam parameters should fulfill the requirements of the ELBE 
a~ce le ra to r~ ,~  to run both an IR FEL and nuclear physics, radiation physics experiments. 
First a new design was developed to insert a high quantum efficiency photocathode (CsaTe) into 
the SC cavity. The cryogenic and rf problems, caused by the heat load of the photocathode, were 
solved by a cooling insert with an independent liquid nitrogen circuit (fig. 1). This insert also 
integrates the function of a multistaged rf filter. 
In  parallel the cavity shape of of the rf gun was optimized. The conical back wall of the first half 
cell focusses the beam at low energy and compensates beam blow up due to space charge effects. 
Beam dynamics simulations (PARMELA*) show a transverse emittance of 1.7 n mm mrad for 
200 pC bunch charge and a gradient of 20 MV/m at the cathode. The full cell cavities of the 
rf gun have the TESLA geometry to simplify production by using existing SC cavity technology. 
The low gradient allows both single bunch and cw mode of Operation without exceeding present 
field limits for SC cavities. 

Table 1 Beam Parameters of the Prototype Gun 

Epeak@ Cathode 
Bunch charge 
Injection angle 6 
Laser pulse length (FWHM) 
Laser spot size 
Energy 
Energy spread (100% rms) 
trans. emittance (100% rms) 
long. emttance (100% rms) 

To generate an electron beam with low energy spread for the nuclear physics experiments, the 
injection angle 4 is set to  5O. This egects a bunch compression of the electron pulse by a factor 
of four. The resulting short bunch length of less than 1.5 ps diminishes the energy spread 
increasing influence of the rf field in  the main accelerator. In the FEL mode 4 is 34.6O with 
sEghtly higher electrical peak field. The higher momentarilly cathode field Epeak * sin(6) allows 
tlte extraction of bunch chafges up t o  500 pC 5om the cathode, which is necessary to achieve 
high peak currents for FEL operation. 
First tests with a f .3 G& half celi to  prove the feasibility of our design concepts are scheduled 
for the middle of 199T. At present the production of fhe test cavity is under way at the wo&- 
shops of BIIIJP. First design considerations and price estimations for the laser System were done 
by the Max: Bor= Institute, Berlin. For the design of the cryogenic system we are in contact 
ivlth the TU Dresden and JISSFt Dubna. 

Nuclear Physics Mode 
14.5 MV/m 

1 PC 
5.0 deg 

5 PS 
3 mm 

4.2 MeV 
1 + 10-~ 

0.06 n mm mrad 
0.040 deg keV 

FEL Mode 
19.6 MV/m 

200 p c  
34.6 deg 

10 PS 
3mm 

5.7 MeV 
3 * 10-~ 

1.7 n mm mrad 
6.1 deg keV 
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Stainless Steel 
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Fig. 1 Draft of the Prototype Rf Gun 
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Concept Study for a Slow Positron Source at the ELBE Facility 

The superconducting electron accelerator for the radiation source ELBE has a projected average 
current of 1 mA and energy of 20 MeV. This facility is well suited to produce a monoenergetic 
beam of at  least 108 positrons/s. The high energy electroris hit a cooled tantalum or tuligsten 
target (which probably has to be a rotating wheel) and create the positrons in a shower of 
bremsstrahlung and pair production. The number of positions energing from the conversion 
target reaches a maximum at a target thickness of 2.5 mm tantalum. The positrsri spectrum 
has its maximum at very low energies and has a half width of about 9 MeV. I~nmediatel~ in 
front of the conversion target a positron moderator is positioned wliich consists of an array of 
well annealed polycrystalline tlriri tungsten vanes. The nearly mon~energetic slow positrons are 
extracted from the moderator by electrostatic lenses and are guided inside a bent 0.01 Tesla 
solenoid over a distance of about 10 m to an experimental area which lies well screened behind 
a concrete wall. Froni the following figures the optimurri target thjlckness (Fig. 1) and the con- 
version efficienc~ (Pig. 2) can be obtained as a function of the primary electron energy E- [I]. 
For 14, 36 and 100 MeV the experiniental conversion efficiencies in e+/109e- amount to: 2,3 
[2], 50 [3,4] and 1500 [5,6]. For 20, 25 and 40 MeV tlie interpolated conversion efficiencies are: 
25, 35 and 80: respectively. 

E.. [MeV] 

Fig. 1 Optimum target thickness 
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Abstracts of publications 

Experimental Determination of t h e  Linewidth of Parametric X-ray Radiation at 
Electron Energies Below 10 MeV 
(Nucl. Instr. Meth. B 115 (1996) 408) 

Freudenberger, J., M. Galernann, H. Genz, L. Groening, P. Hoffmann-Stascheck, V.L. Mo- 
rokhovskii, V.V. Morokhovskii, U. Nething, H. Prade, A. Richter, J.P.F. Sellschop, R. Zahn 

Abstract: The linewidth of parametric X-ray radiation has been determined experimentally ap- 
plying an absorption technique. Using a copper foil of 27.7 pm thickness and tuning the energy 
of the PXR peak across the K-absorption edge of copper by tilting a 55 pm thick diamond 
crystal, the variance of the PXR line at 8.98 keV photon energy was found to be a = 48 eV. 
The diamond crystal has been bombarded with electrons of 6.8 MeV kinetic energy delivered by 
the superconducting linear accelerator S-DALINAC at Darmstadt. The experimental yield of 
the intensity amounts to N = 0.91 X 10-~ photons/(electron sr). From the measured variance 
the spectral density in the peak is deduced to be J = 0.95 X 10-~ photons/(electron sr eV). 

Channeling Radiation a n d  Parametric X-radiation at Electron Energies below 10 
MeV 
(Nucl. Instr. Meth. in Phys. Res. B 119 (1996) 123) 

Freudenberger, J., H. Genz, L. Groening, P. Hoffmann-Stascheck, W. Knüpfer, V.L. Morokhovskii, 
V.V. Morokhovskii, U. Nething, A. Richter, J.P.F. Sellschop 

Abstract: The intensity of channeling radiation (CR) was compared for diamond and ruby crys- 
tals and also with the intensity of parametric X-radiation (PXR) originating from the Same 
diamond. The investigations were carried out with relativistic electrons provided by the injector 
of the S-DALINAC at energies between 3.0 and 9.0 MeV. Both types of radiation were observed 
by means of Si(Li) detectors placed at 0° and 44" with respect to the electron beam axis for CR 
and PXR, respectively. The highest photon flu cP = 2 X los photons/(s mm2) was found to 
result from CR of diamond crystals. Ruby crystals exhibit somewhat narrower X-ray lines but 
less intensity. A comparison with PXR reveals that - against predictions - its intensity is three 
orders of magnitude weaker than CR under the Same conditions. The possibility to use the CR 
and PXR as intense tunable photon sources is discussed. 

Channeling Radiation of Electrons in  Natural  Diamond Crystals and their  Coher- 
ence a n d  Occupation Lengths 
(Phys. Rev. B 53 (1996) 8922) 

Genz, H., L. Groening, P. KoEmann-Stascheck, A. Richter, M. Höfer, 3. Hormes, U. Nething, 
J.P.F. Sellschop, C. Toepffer, M. Weber 

Abstract: Measurements haxe been performed at the supercoriducting Darmstadt electrm lin- 
ear accelerator (S-DALINAC) to investigate systematically channeling radiation produced by 
bombasding natural diamond crystals with thicknesses of 13, 20, 30, and 55 pn vith electrons 
at 5.2 and 9.0 MeV. Planas channeling from the (110) and (1x1) planes was studied for a variety 
of transitions with respect to their energy, intensity, and linetwidth. Axid chameling from the 
110 axis could be detected as well. 1% was fmnd that the intemity insseases as s b c t i m  of 



the crystal thickness, and values up to 7.7 X 10-~ photons/esr could be obtained, which is the 
highest intensity at low electron energies achie-ved so far. The intensity increases with electron 
energy as y5/2. The 1/e occupation length deduced from the Photon yield as a function of the 
crystal thickness was found to be I„, N 29 and 85 ~ r n  for planar and for axial channeling, 
respectively. These values are by far the largest ever observed. Comparison with a quantum 
mechanical theory of channeling radiation exhibits fairly good agreement for the intensit~ arid 
linewidth provided that contributions caused by electronic scattering and Bloch wave broaden- 
ing, which actually are largest for diamond, are properly taken into account. It turns out that 
multiple scattering dominates in the planar case and single scattering for the axial channeling 
The coherence length could be deduced to be of the order of 0 . 7 ~ m ,  which is about a factor of 
2 larger than observed before in silicon. 



Hadron Physics 

This section deals with those aspects of strongly in teracting systems, where hadronic 

properties are investigated. Such hadron degrees of  freedom can become relevant in heavy- 

ion collisions and hadron-nucleus interactions and, of Course, in hadron-hadron collisions 

as well. 

The present theoretical activities Cover studies of in-medium modifications of  hadrons 

up to  estimates of  conditions achievable in ultrarelativistic heavy-ion collisions. Also 

electromagnetic (photons and dileptons) radiation of dense and hot hadron matter is 

considered. Many of  the presented results are obtained in close collaboration with visiting 

scientists and our students. 

On the experimental side new and stimulating results on kaon production are reported 

from the KaoS collaboration. The KS/K- ratio in hea~y-ion collisions at equivalent 

beam energies yields experimental evidence for an enhanced K- production, which seems 

to indicate a significant in-medium K- mass reduction. The other experimental eEorts 

are related to the experiments with proton beams from the cooler synchotron COSY at 

Jülich. The first experimental runs with the time-of-flight spectrometer TOP have been 

analyzed (not described here in detail), and the bremsstrahlung signal is now extracted 

fi-om the background. There is a big deal of progress in completing TOP and in finalizing 

the design of the magnetic spectrometer ANKE. 

The future experimental activities will focus on investigations of the strangeness degrees 

of freedom. Since in proton or nucleus induced reactions there is no net strangeness in  6he 

entrance channel, the production of  strange hadrons can serve as sensitive probe of the 

nuclear environment and/or the strangeness content of nucleons. lhperiments On kaons 

at KaoS will be continued, and ANKE will measure &he subthreshold k a m  produc$ion 

in proton-nucleus collisions. The possibility to  measure near ihreshold the assockted 

K X production in  proton-proton reactions at one of the abote rnengioned detectors is 

under intense discussion. Certainlx the eforts of the theoreticians v-32 acsompmy tbe 

experimental activiiies on strangeness expbrratioa 



Temperature and Density Dependence of the Self-Consistent Mean Field 
of the NJL Soliton" 

To study the behaviour of nucleons in nuclear matter at finite values of temperature T and 
density p we have considered the hedgehog soliton of the bosonized Nambu & Jona-Lasinio 
(NJL) model [I] embedded in a gas of constituent quarks. The soliton is defined by the self- 
consistent solution of the NJL Lagrangian in mean-field approach. 
Within our restrictions to spherical hedgehog configurations and to the chiral circle the mesonic 
cr and n fields are uniquely described by the constituent quark mass M* and by the profile 
function O (T) with n(r) = M* cos @(T) and ~ ( r )  = M* sin @(T). Quark states are defined as 
eigenstates of the Dirac equation with the fields a and T. Expressing energies in units of M* 
and distances in units of l/M*, the quark energies and wave functions are independent of the 
constituent quark mass and hence independent of T and p. The self-consistent profile function 
@(T) is given by a complicated combination of quark energies and wave functions. A part of 
these contributions is controlled by temperature and density dependent occupation numbers. 
As a result the self-consistent meson profiles do not exactly scale with the constituent quark 
mass in the medium but exhibit an additional dependence on T and p. Solitonic fields in a 
medium at higher temperatures and/or densities are slightly more narrow (in scaled units) than 
the corresponding field in vacuum. Fig. 1 displays the deviation from the scaling behaviour. 

Fig.  1 
SeU-consistent meson pro- 
files @(T) for various val- 
ues of temperature T and 
nuclear density p in units 
of the normal nuclear den- 
sity pnm = 0.16 fmV3. The 
radius r is scaled in units 
of the inverse constituent 
quark mass M* in the hot 
matter, The constituent 
quak mass in the vacuurn 
at T = 0 was chosen to be 
420 MeV. 

The valence level plays the crucial role for the stability of the NJL soliton. If it is well bound 
by the meson field it produces a a Geld with a hole around the center of the soliton (r=O). At 
some critical values of temperature and density the meson Geld is too shallow to bind the mlence 
quarks and the soliton dissolves (deconfiement transition) . This happens at T = 175 MeV and 
p = 2 . 0 ~ ~  where O r D is the only self-consistent solution. 
The dissolutions of the soliton appears if the constituent qua& mass in the hot medium is 
reduced to roughly half of its vacuum value. This point is still far away from the restoration of 
chiral symmetry where the constituent mass reduces to  the current mas ,  
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The Exclusive Deuteron Break-up ReaetionB 

L.P. KAPTARI~, B. KAMPFER, S.M. DORKIN~, S.SI. SEMIKH~ 

In a recent study [I] the static properties of the deuteron have been calculated within the 
Bethe-Salpeter (BS) approach. Satisfactory results are achieved which let us trust the numerical 
solution method employed. The relation between different representations of the BS aplitudes 
is clarifled. 
We now exploit the numerical solution of the BS equation and calculate the exclusive deuteron 
break-up by protons. This reaction will be measured in near future in the experiment # 20 
with the ANKE magnet spectrometer at COSY. Our predictions [2] are displayed in fig. 1 for 
the kinematics as planned in this experiment. Our interest in this reaction is stimulated by two 
deficits of previous investigations of the inclusive deuteron break-up [3]: (i) the cross section 
shows a broad shoulder which is not described within the BS approach in impulse approximation, 
and (ii) the tensor analyzing power changes the sign at larger values of the momentum of 
the outgoing fast proton, in contrast to data. We hope that the inclusive measurement at 
COSY allows firm conclusions, e.g., whether other non-mesonic degrees of freedom (such as A 
excitations) are needed to describe the data more precisely. 

Fig. 1 The spin averaged differential cross section without flux factor (left panel), tensor 
analyzingpower T 2 ~  (right upperpanel), and polarization transfer ts [right lower panel). Dashed 
curves: positive mave contributions, short-dashed cwes: relativistic corrections, fuil curves: 
the net result within the BS approach, dotted curves: non-relativistic calculations with Bann 
potential. FOT more details cf j2f. 
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In-Medium Kaon PropertiesB 

E.E. KOLOMEITSEV, B. KÄMPFER 

The recent measurement of Kt and K- spectra in the reaction Ni + Ki at equivalent beam 
energies in the subthreshold region [l] shows the striking fact that both yields are roughly the 
Same, despite a large difference in the elementary Cross sections NN -+ X Kt and NN + X K- 
near threshold. Different in-medium properties of kaons and anti-kaons are thought to be the 
key for understanding this remarkable experimental finding. 
We have therefore improved our previous estimates [2] of the in-medium K- properties [3]. 
Starting from a general formulation of the KN interaction in vacuum we derived the scattering 
lengths by relying on (i) interpolating fields, (ii) constrains on the hadron current from weak 
interaction currents, (iii) reduction formulas together with current algebra and PCAC relations. 
This yields the sigma term, t he Weinberg-Tomozawa term and the resonance terms contributing 
to the Cheng Dashen amplitude. Remaining contributions to the full amplitude are obtained 
by adjusting them to available experimental data. With this parametrization of the vacuum 
amplitude we derive the in-medium kaon self energy. Additionally we take into account effective 
baryon masses in medium, kaon scattering on virtual pions, and correlations. The corresponding 
excitation spectrum is displayed in fig. 1. As in our previous approach [2] again the additional 
branch of excitations with quantum numbers of the kaon is built up by correlated states of a A 
with a proton-hole. The different behavior of kaons and anti-kaons can be traced back to the 
isospin asymmetry of the Weinberg-Tomozawa term in the scattering amplitude, The present 
K- dispersion relation can be used to calculate the spectrum resulting in heavy-ion collisions 
within a fireball model and a suitable procedure for transforming the in-medium excitations to  
vacuum particles [4]. Due to the occurrence of the A branch our spectra are in agreement with 
experimental data. 

Fig. 1 Dispersion relations of the in-medium 
kaons and anti-kaons a t  various densities asf 
nuclear matter. The excitations with nega- 
tive energies correspond to kaons, wd-le pos- 
itive energies belong to the anti-kaon wcita- 
tions. 
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A.I. TITOV~,  T.I. GULAMOV~, B. KÄMPFER 

Fig. 1 She effective asymmetry factor 
@ff) as a function of the angle between one 
o f  the incoming pions (or outgoing real pho- 
ton) and Che to td  pair momentum for pion 
a~rnf~hifzttion (q DaLitz decay). 

Fig. 2 The averaged asymmetry factors Bg 
and B? as function of  the dielectron invazi- 
ant mass M. The full, long-dashed, dashed, 
dotted curves are for total pair momenta 
IPl = 0, 0.2, 0-4, 0-8 GeV. The heavy dots 
depict the result of  [l] for JPI = 0.8 GeV. 
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Parametrizing the Transverse Momentum Spectra of Hadrons in 
Central Collisions Pb + Pb  a* 158 AGeVB 

Recently the transverse hadron spectra at rnidrapidity in central reactions of Pb + Pb at 158 
AGeV, measured by the NA 44, NA49 and WA98 collaborations, became available and have 
been analyzed [I], The data from KA49 [2] can be conveniently parametrized by 

where p = arcth(vl(f)), vl(<) = $ v y  5, and v y  is the averaged transverse flow velocity; 

ml  = denotes the transverse mass of the hadron species i; I. and Ki are Bessel 
functions. The normalization constants Ni depend on the chemical potentials, phase space 
occupation factors and particle degeneracies. This model relies on boost-invariant scaiing hy- 
drodynamics and a unique freeze-out time in both longitudinal and transverse directions. As 
optimum parameters we find T = 120 MeV and vy = 0.43 (see fig. 1). The 7i0 spectrum 
up to p l  = 3 GeV can also perfectly be described by these values [SI. The NA44 data have 
been fitted also by the model (1) but ~ 5 t h  taking into account additional feeding by resonance 
decays. A rnaximum temperature parameter of 140 MeV (at vier  = 0.40) is claimed [d;12 and 
an optimum fit seems to be centered at T 5 100 MeV. More ambitious fits of the single particle 
spectra together with two-body observables by U. Heinz and the NA49 collaboration also points 
to rather low temperature parameters [5]. 
These data parametrizations can be interpreted as hint to low thermal freeze-out temperatures 
and large unique collective transverse expansion. Interestingls at AGS energies one also finds 
similar values for heavy systems [G]. 



Diphoton Production in a Chemically Equilibratiag, Expanding arid 
Hadronizing Quark-Gluon PlasmaB 

Diphoton production is considered within a complete dynamical fiamework for thermalized 
matter assumed to be formed in ultra-relativistic heavy-ion collisions [I]. Our model[2] includes 
(i) chemical equilibration processes in the initially gluon-enriched plasma, (ii) longitudinal arid 
transverse expansion, and (iii) hadronization. Besides the electromagnetic pion and quark - 
antiquark annihilation processes, .ir+nir- + yy and q4 + 77: we also take into account the 
process gg -, yy via the quark box diagram. Contrary to the expectation the latter gluon 
driven process turns out as not so important even in an initially strongly gluon dominated 
quark-gluon plasma if we assume fast chemical equilibration. An example of an invariant mass 
spectrum is displayed in fig. 1 for the following assumed initial conditions of the thermalized 
era: ternperature T. = 550 MeV, gluon fugacity X: = 0.5, quark fugacity X: = 0.1, time 7-0 = 
0.32 fm/c. Qne observes that the thermal diphoton yield is determined by the quark fusion 
process; it outshines the Drell Yan background (DY) (here with Duke Owens parton distribution 
functions, Set 1.1, without K factor; dashed lines). 
This is in contrast to SPS energies. The presently measured Pion rapidity densities are so large 
that the use of Bjorken's formula points to high initial temperatures: either 191 MeV for the 
standard bag model or 204 MeV for a resonance gas model which includes all resonances up to 
2 GeV. Despite these comparatively high initial temperatures the thermal signal shows no clear 
dominance above the down-extrapolated Drell Yan background, see fig. 2. 
In future studies we plan to figure out procedures to suppress the combinatorial background 
from n0 decays. 

" 1 2 3 4 5 
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Fig. 1 Different contributions to the dipho- 
ton spectrum for RHK conditions. 
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Fig. 2 The djphoton spectrum for SPS con- 
ditions, either in hadronic scenario (dotted 
curve) or a scenario witfi deconfined matter 
(full cmve). 
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Estimates of Dilepton and Charm Yields in Ultrarelativistic 
Heavy-Ion CollisionsB 

B. KÄMPFER, O.P. PAVLENKO~ 

In a recent attempt [I] we calculated the following hard initial processes on equal footing at 
RHIC and LHC energies: (i) mini-jets at midrapidity, (ii) dileptons, and (iii) Open charm. Suit- 
able factorization and renormalization scales are chosen for the MRS D-' parton distribution 
functions and effective Cross sections. From the mini-jet distribution the possible initial condi- 
tions of a thermalized quark-gluon plasma are derived and the subsequent thermal history is 
followed. In doing so the thermal production rates of dileptons and Open charm are accessible. 
The results are displayed in figs. 1 and 2. One observes that at  RHIC energies the thermal 
dilepton signal strongly competes with the down-extrapolated Drell Yan background, but at 
LHC energies there are favorable conditions for the thermal signal to outshine the hard initial 
signal. This situation is contrary to the charm signal: here the initial hard processes dominate 
anywhere. 
The copious charm production can represent a huge combinatorial background due to leptons 
from correlated and uncorrelated semileptonic decays of D mesons. In a further study we try to 
find suitable cuts for suppressing this competing source of dileptons and estimate the chances 
for observing the thermal signal. 

Fig. 1 The invariant mass spectrum of dilep- Fig. 2 She transverse momentum spectrum 
tons. of  open &arm. 
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1s Perturbative QCD useful for the Quark-Gluon Plasma near T , ? ~  

A. PESHIER, B. KÄMPFER: O.P. PAVLENKO~, G.  SOFF^ 

Recently the contributions to the partition function of the quark-gluon plasma (QGP) have 
been calculated within perturbative QCD (PQCD) up to fifths order in the coupling constant g 
[I]. Wh& for small values of g the sub-leading terms give small corrections to the leading-order 
term, they dominate for larger values of g, say g 2 0.1. In the latter region, the renormalization 
scale independence is violated, and therefore in the strong-coupling regime any perturbative 
expansion is suspected to be not well-behaved. However, the QGP once created in a heavy-ion 
collision is expected to stay in the strong coupling regime, i.e. near the confinement temperature 
T,. Therefore, the applicability of pQCD to the QGP is questionable. Here we extend a rea- 
soning [2] concerning the divergence of perturbative series, and we discuss the range of validity 
of PQCD. The background for our argument is the observation that the gluon therrnsdyiiamics 
[3] down to T, can be described by a modified leading-order term from PQCD [4]. 
Consider the model function 2(g2) = (2r)-'I2 dx ap{-$x2 - g2x4) which resembles the 
path integral form of the partition function of a System with a kinetic and an interaction 
term cx g2. As for realistic partition functions, Z(g2) cannot be expressed in closed form. 
However, the term exp{-g2x4) can be expanded and yields a perturbative series representation 
~ ( 9 2 )  = C z ~ ~ ~ ~ ,  with zk = (-$)lc(4k)!/(k!(2k)!). The obviously divergent behavior of this 
expansion, due to z ~ + ~ / z ~  k, follows from the integral representation of Z(g): Z ,  considered 
as a function of the complex variable g2, has a branch cut along the negative real axis and thus 
no convergent Laurent expansion at g2 = 0. The same argument is expected to hold for realistic 
partition functions, i-e., there is no convergent power expansion in g of Z around the free limit 
g = 0 because a change of the sign of g does not smoothly change the physics, 
Nevertheless, perturbative expansions are still useful. For the above toy model, the residual 

part &(g2) = 1Z(g2) - zkg2kl is estimated as R, I Izn+ig2(n+1)I (ng2)"', so there is an 
optimal order n* - g-2 to perform the expansion. Interestingly, with growing g2 less terms of 
the expansion should be used to get an optimum approximation of Z! 
A similar behavior is found in hot SU(3) gauge theory. Near T c  the sub-leading terms do not 
improve the leading order result as seen in fig. 1. We assert that this is a general feature of 
perturbative series and conclude that even for larger couplings the leading-order calculat;ions 
might give reliable estimates, as exercised in [4]. 
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Fig. 1 Comparison of SU(3) pQCD results, 
where g is fixed a t  T,: with lattice data 131. 
The shaded area depicts the range uncovered 
by the order g5 due to the renormalization 
scale dependence. 
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Kaon Production in Dense m d  Hot Hadronic Matter B 

The production of kaons in nucleus-nucleus collisions and their propagation in the nuclem 
medium is sensitive to both the nuclear equation of state and the modification of hadron prop- 
erties in the medium. We have studied medium effects on kaon production with the magnetic 
spectrometer KaoS installed at the heavy ion synchrotron SIS at GSI Darmstadt [I]. The large 

to kaon ratio (104 : 1) requires an efficient kaon trigger which is based o* a simultane- 
ous time-of-flight and momentum measurement and, for high momentum kaons, on threshold 
Cherenkov detectors. High accuracy trajectory reconstruction (important for off-line background 
suppression) is based on two large area multi-wire charnbers. The centrality of the collision is de- 
termined by the multiplicity of charged particles (p, d, r )  measured in the range 12' < Qlab <48O 
by a plastic scintillator hodoscope consisting of 96 modules. 
The kaon production probability increases strongly with increasing centrality as demonstrated 
in Fig. 1. The data are measured around midrapidity in Ni+Ni collisions at 1.8 GeV/nucleon 
(left panel) and a t  1.0 GeV/nucleon (right panel). For comparison the K- data taken at 1.8 
GeV/nucleon are superimposed on the data taken at 1.0 GeV/nucleon. The meson multiplicities 
per solid angle around midrapidity are given by dM/dS1,,.=(d~/dS1,.~.)/0~ with dcr/dQ,,. the 
energy integrated cross section for meson production in the c.m. system and UR the reaction cross 

section. The collision centrality is tagged by 
0.5 the number of charged particles measured 

with the large-angle hodoscope. The values 
of Apart are determined by a Monte Carlo 
simulation for each centrality bin. The cal- 
culation is based on measured yields of pro- 
tons, deuterons and pions and reproduces 
the charged particle multiplicity as measured 
by the scintillator hodoscope. 
The pion multiplicities per solid angle and 
per Apart increase only slightly with Apavtj 
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o 50 o 50 100 whereas the K* and K- multiplicities per 
Apart Apart Apart increase strongly. This eifect WS 

Fig. 1 Kaon and pion multiplicities per C. m. solid kst found in A ~ + A ~  collisions at 1.0 mgle and per number of participating nucleon 
GeV/nucleon and interpreted as a signature 

of multiple collisions contributing dominantly to subthreshold K* production [Z]. TfO system- 
atically investigate K - production in the nuclear medium, we m n t  to  compare the Kd yie1d 
measured in nucleus-nucleus collisions to the I(- yield from free nucleon-nucleon coEsions. 
However, this comparison cannot be performed a t  the Same bombardhg energyJ as we study 
subthreshold K- production in order to amplify a possible effect. ThefefQse, we introduce ;an 

intermediate step: we determine the K+/K- ratio at equivalent bombardins; energilvs both jss 
nucleus-nucleus and in nucleon-nucleon collisions. The concept; of eqUwdent beam energies cor- 
rects for the different production thsesholds: Fos eaampie, a set of aq~valent  bem energie8 
is 1 GeV/nucleon for production and 1.8 GeV/nudeon for K- prodmtion. Th8 resd%ing 
Q-values are identicakfi -&ithVes = -0.23 GeV for botb processes &W+KSiiN tat 3.0 GeV and 
NN+K*K-NN at 1.8 GeV. The study of K1-/K- ratios at equfdent b e m  ene@e 31% t k  
advantage that trivial medium effests like Fermi motion or muItipk coiIisit3ns largely cw1~&. 
According to Fig. 1 the yield at 1 GeVinudeon agrees roughly wich 5he X- yleid at 1.8 
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Gev/nucleon arid also the dependence on Apart is equal for K+ and K- observed at equivalent 
energies. The corresponding K+/K- ratio is found to be lf 0.4. This result for nucleus-nucleus 
collisions is quite different from the K+/K- ratio for proton-proton collisions. Fig. 2 shows 
the available data On inclusi~re Cross sections for K+ arid antikaon production in proton-proton 
collisions as a function of the energy above threshold. The Kt data are taken from [3]. Data on 

K- production in pp collisions are very rare. 
The antikaon data points at  6-J&„, = 

- - 0.48 and 0.63 GeV in Fig. 2 are determined 
- by taking the sum of the measured cross sec- - 

tion for pp-r K+KQpn and pp+ 
[3]. This is an upper limit for pp-, K*KsPP 
but should correspond to K- production in 
pn and nn collisions. The lines in Fig. 2 rep- 

- - - - resent a parametrization of the elementary 
- - Y - kaon and antikaon cross sections performed - - - / within the framework of a quark statistical 

/ loO / I 1 1  1 1 1 1 1 l  I phase space calculation [4]. The calculatian 

0.1 1 is in rough agreement to a new experimen- 

&-G (GeV) tal value of ~ ( p p + ~ ~ K + A ) = 8 . 2 *  1.8 nb mea- 
sured at COSY for 1/S -fithres = 2 MeV [5]. 

Fig. 2 Inclusive K+ and K- cross section in p+P 
cogisjons & fin~tjon ofthe energ). sbove threshold AccOrding to Fig.2 the elementar~ K+ Cross 

section is larger than the K- cross section by 
about one order of magnitude for equivalent proton energies close to threshold. When assuming 
o(pp+.K*+X)~ ~ ( ~ n + K f  +X) and neglecting Kf production via neutron-neutron collisions, 
the K+/K- ratio reduces fiom 10 for proton-proton collisions to about 7 for nucleon-nucleon 
collisions at equivalent beam energies. As shown above we find a K+/K- ratio of lf 0.4 in 
Ni+Ni collisions at  equivalent beam energies: this corresponds to an enhanced in-medium K- 
production by a factor of 7f 3. This enhancement of the K- yield is unexpected, as K- mesons 
are strongly absorbed in the nuclear medium by strangeness exchange reactions and, On the 
contrary, the Kf meson can hardly be absorbed due to its anti-strange quark. 
There is one important in-medium effect which might cause an enhanced K- production in 
nucleus-nucleus collisions with respect to nucleon-nu~leon collisions: A reduction of the effective 
masses of antikaons in the medium will strongly enhance the K- production. Using the measured 
K+ excitation function and the in-medium enhancement factor of 7 f  3, the reduction of the K- 
threshold can be estimated from our data. Assuming a similar beam energy dependence of 
the K+ and K- production cross sections in nucleus-nucleus collisions, the enhancement factor 
results in a differeaice af available energies fi2-fil = 2702;; MeV. This value can be considered 
a first estimate for the in-medium K- mass reduction from our experimental data. 
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Proton Proton Bremsstrahlung at Be- Mornentum 797 MeV/cBzK 

P. HERMANOWSKI~, E. KUHLMANN~, S. DSHEMUCHADSE, P. MICHEL, X. MÖJ;LER~, 
B. NAUMANN, L. NAUMANN, A. SCHAMLOTT, A. SCHÜLKE, M. STEINKE', U. ZIELINSKI~, 

A. BOHM~,  K.T. BRINKMANN~, H. FREIES LEBEN^, B, HÜBNER~, S.  LANGE^ AND THE 

COSY-TOF-COLLAB~RATION 

In October 1996 we had our slecond dedicated run on pp-bremsstrahlung. The beam momentum 
was chosen as 797 MeV/c. Thus the 2-particle reaction pp + d ~ $  which Opens at 789 MeVJc 
as well as the ppnO channel kthT = 777 MeV/c) were accessible; both were wanted as a source 
for useful ealibration data. In order to identify bremsstrahlung events, the main principle of the 
experiment was to detect the two accompanying protons and to reconstruct the 4-momentum 
of the photon from the combined information on the protons' points of impact, their energy 
losses dE/dx and their time-of-flight-values At. A large amount of data has been collected 
which is presently being analysed. First preliminary results will be given in the following. The 
COSY-TOF spectrometer has extensively been described previously [I]. Additionally to the 
"traditional" set-up in this paxticular experiment the central hole of the "Quirl" was filled with 
a segmented 12-part scintillator device called FAD-detector thus reducing the blind hole around 
the beam axis to an area wi%h radius less than 15 mm. It ensured the detection of deuterons 
from the dn+ reaction, Four separate scintillator strips at a mean angle of 8 = 50" and covering 
an azimuthal range of A$ = 15" served as luminosity monitors. In combination with the "QuirPa 
they allowed the coincident detection of elastically scattered protons in a iimited angular range. 
The trigger for recording bremsstrahlung events was based on requiring 2 hits in the start detec- 
tor system, additional 2 hits in at least 2 of the 3 LLQuirl"-layers and no hit in either of the veto 
detectors. In the ensuing analysis these conditions were tightened by applying moderate QDC 
and narrow TDC cuts, and by requiring 2 reconstructed pixel elements in the "Quirl" together 
with 2 geometrically corresponding elements in the start unit. Thus rather clean data samples 
were extracted in the first sweep of the analysis. Data were taken with full and empty taget. 
Proton induced reactions on nuclei of the foil ma- 
terial (mainly carbon and oxygen) could thus be 
isolated and after suitable normalization be sub- 
tracted. As an example fig. 1 shows distributions 
of the square of the reconstructed missing mass 
of the unobserved particle X. The two top curves 
represent full (left) and empty (right) target mea- 
surements, the one on the bottom left shows both 
curves overlayed and the bottom right one the re- 
sult after subtraction. Two n m w  structures rep- 
resenting ppnO and ppy event,s are visible in all but 
the empty target distributions and t lqy  alone re- 
main after subtraction (fig. I, bottom right). 
After further enlargement of the spectrometer 
through "RingJJ and ctBarxeIj2 sectisns, scheduled 
for summer 1997, and iirst suecessful extraetion of a 
polarized protsn beam the experiment will be csn- 
tinued. 



Neutron Time-of-Flight Measurements at the COSY-TOF-Spectro~eter 

A. B ö ~ d ,  K.-TH. BRINKMANN', H. FREIES LEBEN^^ J. S.  LANGE^, K. HEBBEL~, 

W. SCOBEL~, S. DSNEMUCHADSE, P. MICHEL, K. MÖLLERI, B.  NAWMANN, L. NAW~.L~NN, 
A. SCHAMLOTT, A. SCHÜLKE AND THE COSY-TOF COLLABORATIBN 

A large area neutron detector has been built in Hambwcg and Dresden as a supplement t s  
the COSY-TOF-spectrometer. Fig. 1 shows the schematical setup of one of the four Dresden 
modules. The Way, called COSYnus (W neiltron spectrometer), was successfully tested 
during several beamtimes at the TOF spectrometer. In October 1995, it was used with a %kort 
Version of the TOF (only the inner part of the end cap, the Jülich quirl, 86 cm beliind the 
liquid hydrogen taget), at 350 MeV proton beam energy. A clean signal for the pp + 
reaction was obtained from the Proton signal in the quirl and the neutron detected in CBSYnus, 
so that the missing mass of the undetected pion codd be reconstructed as shown in Fig. 2. The 
Overall time-of-flight start signal was delivered by the Rossendorf start deteetor MARS whi& is 
routinely used at low beam energies. 
Beamtime has been allocated [I] for a thorough investigation of the pnnf channel near thmsh- 
old. The experiment will be the first at COSY to make use of the barrel sectisn of the TOF 
spectrometer which was recently completed in Rossendorf [2]. Pions from the channel mder 
investigation as well as particles kom other reaction channels, in particular elatic scattering, 
will be detected in the barrel. The simultaneous measurement of elastic scattering is erucial for 
the normalization of measured pion production cross sections. 

Fig. 1 Schematic view of one module of Fig. 2 Missing-marss spectrum pp + pnxf at 
the Dresden neutron detector. 350 MeV incident beam energy. 



Are Missing-Mass Measurements the Key for Understanding Subthreshold 
Particle Prod~ction?~ 

T. KIRCHNER, H. MÜLLER, CHR. SCHNEIDER, CHR. S CHNEIDEREIT, 
0. W.B. SCHVLT~, K. SISTEMICH~ 

The term "subthreshold particle production" is applied to the energy region between the thresh- 
old for the production of a definite particle in a nuclear reaction and the corresponding threshold 
in a Fee nucleon-nucleon (NN) collision. Below the N N  threshold, nuclear phenomena must 
be the reason for subthreshold particle production. The increasing interest in understanding 
these phenomena is the reason why the investigation of subthreshold production became an  
important research area in recent years. Different physical pictures are used to interpret the 
experimental results. High-momentum components of the nuclear wave function, clusters of 
several target nucleons, two-step processes, or medium effects (like lower effective masses of 
the hadrons due to the restoration of chiral symmetry) might be responsible for the abundant 
subthreshold production observed (for references See [I]). 
The determination of the number a of target nucleons participating in the interaction process 
will be a decisive tool to decide between the various approaches. This will be discussed in the 
following for the case of subthreshold K+ and K- production, because there are plans [2, 31 to 
investigate these processes at the spectrometer ANKE [4] at COSY-Jülich. 
In the case of K- production 

p+[aN]+(u+l)N-t-K'-tK- ( a = l  ... A), (1) 

with a being the number of participants, an energy of about 1 GeV is transferred. Most of this 
energy is necessary to create the kaon pair. Only a small amount of the available energy remains 
as relative energy between the (U 4- 1) nucleons and the two kaons in the rest system of this 
particle group. Thus, the velocity of all particles originating from the participant interaction is 
in the laboratory system quite close to the (high) velocity of their rest system itself, Because 
the energy transfer to the remaining ( A  - U) spectator nucleons is small, their relative velocitles 
as well as the velocity of their rest system in the laboratory remain small, too. Therefore, a 
kinematic distinction between these two groups of particles is possible. The recipe .for Mng 
the number of participants is thus quite obvious: one has to measure all fast particles (kaons, 
nucleons, fragments), which at subthreshold energies are emitted under small ang1es in the 
laboratory system. In the missing-mass spectra peaks must appear, which corrapiond to the 



p ( l  GeV) + "C 3 ON + K+ + ( P + ~ - ) A  + X 

(~30) 
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a "P 6.6 
V Fig. 2 Calculated missing mass spectra from 

the reaction p 1 2 ~  at 1.0 GeV for the produc- : tion of Ki- mesons in the interaction with 
a: participants (see Eq.(2)). Type and num- 
ber of the nucleonic ejectiles are indicated. 
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masses of the spectator system consisting of the residual ( A  - a)  nucleons, if all fast particles are 
measured. If one or several of the fast particles are missed then they increase the corresponding 
missing mass and the peaks are accompanied by tails at the high-mass side. 
As an illustration, missing-mass spectra calculated with the ROC model [5] (and references 
therein) for p 12C interactions at 2.5 GeV are plotted in Fig. 1. It is assumed that all charged 
particles emitted under angles O 5 10" are detected with a momentum resolution of A p / p  = 
1.5%. There are peak positions at about 10.2, 9.3 and 8.4 GeV, which correspond to spectator 
systems consisting of eleven to nine nucleons, respectively. 
K+ meson production (see Fig. 2) is associated with the creation of an unstable A baryon, which 
can be detected via its decay into charged particles according to 

The T- meson is rather light and will be emitted into a wide angular region contrary to the heav- 
ier particles, which are strongly forward peaked. This fact diminishes the detection efficienc~. 
Therefore, an additional detection system with large angular acceptance at ANKE would be 
desirable and is under discussion (for details see [6]) .  SO far, subthreshold particle production 
has been investigated by inclusive measurements. In such experiments the various subprocesses 
cannot be identified in a model-independent way, because inclusive momentum spectra contain 
no pecdiarities which would allow this. In contrast, the positions of the expected peaks in the 
missing-mass spectra are clearly model independent, while the calculation of the relative inten- 
sity of the various subprocesses is a critical measure, which depends on the model approach. 
Thus, by comparing experimental missing-mass spectra with theoretical results a more de&ite 
verScation or falsification of the different model approaches and, consequently, a deeper under- 
standing of particle production becomes possible. 
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Abstracts of publications 

Study of the Out-0f-Plane Emission of Protons and Light Fragments in Symmetric 
Heavy-Ion Collisions 
(Z. Phys. A 355 (1996) 61) 

Brill, D., P. Beckerle, C. Bormann, E. Schwab, Y. Shin, R. Stock, H. Ströbele, P. Baltes, C. 
Müntz, H. Oeschler, C. Sturm, A. Wagner, R. Barth, M. Cielak, M. Debowski, E. Grosse, P. 
Koczo, M. Mang, D. Mikowiec, R. Schicker, P. Senger, B. Kohlrneyer, F. Pühlhofer, J. Speer, 
K. Völkel, W. 

Abstract: Midrapidity protons from 209Br + 209Bi collisions were measured with the Kaon Spec- 
trometer at SIS at incident energies of ELab/A = 400, 700 and 1000 MeV. Additionally, light 
fragments were analysed at 400 MeV. We have investigated the azimuthal emission pattern of 
the particles relative to the reaction plane as function of transverse momentum, bombarding 
energy and impact parameter. We observe an enhanced emission of particles perpendicular to 
the reaction plane at all bombarding energies. The ratio of the number of particles emitted out- 
of-plane/in-plane increases strongly with the particles transverse momentum. The anisotropy 
decreases with increasing beam energy. Composite particles show a much stronger effect than 
protons. 

K +-Meson Production in pBe Interactions at T, = 2.9 GeV 
(Z. Phys. A 355 (1996) 93) 

Büscher, M., R. Eßer, A. Ranzen, L. V. Horn, D. Kopyto, H. Ohm, H. Seyfarth, K. Sistemich, 
H. Müller, B. Prietzschk, B. Rimarzig, C. Schneider, C. Schneidereit, A. Akindinov, M. Chu- 
makov, V. Demechin, V. Ergakov, A. Gerasimov, V. Goryachev, Y. Kiselev, V. Kostromin, A.A. 
Sibirtsev, V. Sopov, V. Tchernyshev, V. Kruglov, A. Petrus, V. Koptev, S. Mikirtychyants 

Abstract: The production of Kf and n* mesons and protons in pBe collisions at T, = 2.9 GeV 
has been studied at the ITEP proton synchrotron. Ejectiles with a momentum of p = 545 MeV/c 
were observed under an emission angle 19 = 17". The detectors which have been developed for 
the identification of kaons out of a six orders of magnitude more intense background of pions 
and protons are described. A cross-section ratio d 2 ~ + / d Q d p  : d2uT+/dSldp : d2+/dSldp 
of ( l f  O.34):(85-tl):(3lf 1) has been measured. Normalization with existing pion data yields an 
invariant differential cross section E .  d3aK+/d3p = (3.lit 1.2) mb GetT-2c3sr-1and a total crocs 
section of atot(pBe) = (3.7-11.5) mb, These cross sections are eompared with exiseing data sznd 
theoretical predictions. The A dependence of K* production in the few-GeV range is analyzed. 

Subthreshold K' Production in Proton-Nucleus Collisions 
(Z. Phys. A 356 (1996) 313) 

Debowski, M„ R. Barth, M. Boivjn, Y. Le Bornec, M. Cieglak, MP, Cornets, P, CSourta-t, R. 
Gacougnolle, E. Grosse, T. Kirchner, J.M. Martin: D. Mi-Skowiec, C„ Mtintz, E. Schwab, P. 
Senger, C- Sturm, B. Tatischeff, A. Wagner, W, WaluS, N. Willis, R. ~Yuz'eInger, J. Yomet: A. 
Zghiche 



Abstract: Double differential K+ cross sections have been measured in p+C collisions at 1.2, 1.5 
and 2.5 GeV beam energy and in p+Pb collisions at 1-2 arid 1-5 GeV. The Ki spectrum taken 
at 2.5 GeV can be reproduced quantitatively by a model calculation which takes into account 
first Chance proton-nucleon collisions and internal momentum with energy distribution of nucle- 
ons according to the spectral function. At 1.2 and 1.5 GeV beam energy the K i  data excess 
significantly the model predictions for first chance collisions. When taking secondary proCesSes 
into account the results of the calculations are in much better apeement with the data. 

K+ Emission in Symmetrie Heavy Ion Reactions at Subtl.ilreshold Energies 
(Phys. Rev. Lett. 77 (1996) 4884) 

Elmbr, R., M. Berg, L. Carlbn, B. Jakobsson, B. Norkn, A. Oskarsson, G .  Ericsson, J. Julien, 
T.-F. Thorsteinsen, M. Guttorrnsen, G. Lovh@iden, V. Bellini, E. Grosse, C. Müntz, P. Senger, 
L. Westerberg 

Abstract: Subthreshold K3 production cross sections have been measured in symmetric I\le + 
NaF, Ni + Ni, and Au + Au collisions at 1.OA GeV. The mass dependence is strong, close 
to A ~ .  The angular distributions are nonisotropic in the Center-0f-mass system. Introducing 
rescattering seems to explain this effect to a large extent. 

Heating of Nuclei with Energetic Antiprotons 
(Phys. Rev. Lett. 77 (1996) 1230) 

Goldenbaum, F., W. Bohne, J. Eades, T. V. Egidy, P. Figuera, H. Fuchs, J. Galin, YeS. Gol- 
ubeva, K. Gulda, D. Hilscher, A.S. Iljinov, U. Jahnke, J. Jastrzebski, W. Kurcewicz, B. Lott, 
M, Morjean, G. Pausch, A. Peghaire, L. Pienkowski, D. Polster, S. Proschitzki, B. Quednau, H. 
Rossner, S. Schrnid, W. Schmid, P. Ziem 

Abstract: The annihilation of energetic (1.2 GeV) antiprotons is exploited to deposit maximum 
thermal excitation (up to 1000 MeV) in massive nuclei (Cu, HO, Au, and U) while minimizing 
the contribution from collective excitation such as rotation, shape distortion, and compression. 
Excitation energy distributions do/dE* are deduced from eventwise observation of the 
nuclear evaporation chain with two 47r detectors for neutrons and charged particles. The nuclei 
produced in this way are found to decay ~redominantly statistically, i-e., by evaporation. 

Asymmetry of the Dielectron Emission Rate in an Isospin-Asymmetrie Pion Medium 
(Phys. Lett. B 372 (1996) 187) 

Gulamov3 T.I., A.I. Titov, B. Kampfer 

Abstract: The dielectron emission by pion annihilation in an isospin asymmetric pion gas at 
finite temperature is considered. Due to the difference between the longitudinal and transverse 
parts of the in-medium p meson self-energy a specific asymmetry of the rates is caused for elec- 
tron pairs with relative momenta perpendicular or parallel to the total pair momentum. This 
asymrnetry may be considered as a sensitive signal of in-medium modifications of the p proper- 
ties. 



Neutral  p M e s o n  Properties in  a n  Isospin-Asymmetrie Pion Medium 
(Yad. Fiz. 59 (1996) 727) 

Gulamov, T.I., AI. Titov, B. Kämpfer 

Abstract: We evaluate the p-meson self energy at finite temperature T and charged-pion chem- 
ical potential p ~  as well by utilizing a conventional T-p effective Lagrangian and functional 
integral representation of the partition function in the one-pion loop order (i.e., second order in 
the gp„ coupling constant). We find an increase of both the p-meson mass and the width with 
increasing temperature and chemical potential p ~ .  At large value of p ~  these increases may be 
about two times larger as compared with the pure temperature shift of Gale and Kapusta at 
vanishing p ~  . 

Production and  Decay of Ho t  Nuclei Following Antiproton Annihilation at Res t  
and in Flight 
(Yad. Fiz. 59 (1996) 1625) 

Jahnke U.: W. Bohne, J. Eades, T. von Egidy, P. Figuera, H. Fuchs, J. Galin, F. Goldenbaum, 
K. Gulda, Ye.S. Golubeva, F.J. Hartmann, D. Hilscher, A.S. Iljinov, J. Jastrzebski, W. Kurcewicz„ 
B. Lott, M. Morjean, G. Pausch, A. Peghaire, L. Pienkomki, D. Polster, S. Proschitzki 

Abstract: The decay modes of highly excited nuclei have been studied using energetic antipro- 
tons. The excitation energy distributions are in very good agreement with predictions from the 
intranuclear cascade model. 

Bethe-Salpeter Amplitudes and  Static Properties of the Deuteron 
(Phys. Rev. C 54 (1996) 986) 

Kaptari, L.P., A.Yu. Umnikov3 S.G. Bondarenko, K.Yu. Kazakov, F.C. Khanaa, B. Kämpfer 

Abstract: Extended calculations of the deuteron's static properties, based on the numerical so- 
lution of the Bethe-Salpeter equation, are presented. A formalism is developed, which provides 
a comparative analysis of the covariant amplitudes in various representations and nonrdativistic 
wave functions. The magnetic and quadrupole moments of the deuteron are calculated U1 tlie 
Bethe-Salpeter formalism and the role of relativistic corrections is discussed. 

The Impact  of Kaon Polafization in  Nuclear Mat te r  on  the K- Production in Eeavy- 
Ion  Collisions 
(Int. J. Mod. Phys. E5 (1996) 313) 

Kolorneitsev, E.E., D.N. tfoskresensky and B. Kampfer 

Abstract: The impact of the kaon polarisation in nuclear matter 0x1 %he K- yield in intermediate- 
energy heavy-ion collisions is investigated. Our scenario of the strttnge partide produetion ar$d 
dynamics is based on an expanding fireball nmdef. This a1iow.s fix a proper !rcowt d ia-medium 
effects. A relation between observed A? and K- yields is dezive4. DiRerentPd 237"" cmss sec- 
tions me calcdated and compared with available experimental data Laken & mriam ccirliision 
energies. B twns out that in-medium eifects can modify tfre K' yieids by factsr~ 2 ts h?. at 
beam energies between 2 and 1 AGeV, 



Hot and Dense Pion Gas with Finite Chemical Potential 
(Acta Physica Polonica B 27 (11) (1996) 3263) 

Kolomeitsev, E.E., D.N. Voskresenski; B. Kämpfer 

Abstract: A dense and hot pion system with a dynamically fixed particle number and an arbi- 
t r a y  Charge is investigated with respect to ultra-relativistic heavy-i0n collisions. The Lagrangian 
for describing such a sptem is derived from Weinberg's chiral Lagrangian for the p i o n - ~ i o ~  in- 
teraction. Pion polarization operators are calculated within the Hartree approximation. The 
pion spectrum in the isospin symmetrical gas is presented. The effective in-medium pion gap 
depends sensitively on the densiw and the temperature, arid it is found to exceed both the free 
pion mass and the corresponding value for the pion gas in chemical equilibrium. The possibility 
of a Bose-Einstein condensation is also discussed. 

Are Missing-Mass Measurements the  Key for Understanding Subthreshold Particle 
Production? 
(Z. Phys. A 355 (1996) 223) 

Müller, H. 

Abstract: By measuring the fast particles emerging from a proton-n~cle~s interaction the number 
of participants can be determined. This might be the key quantity for understanding subthresh- 
old particle production. 

Massive Quasiparticle Model of the  SU(3) Gluon Plasma 
(Phys. Rev. D 54 (1996) 2399) 

Peshier, A., B. Kämpfer, O.P. Pavlenko, G. Soff 

Abstract: Recent SU(3) gauge field lattice data for the equation of state are interpreted by a 
quasiparticle model with effective thermal gluon masses. The model is rnotivated by lowest- 
order perturbative &CD and describes very well the data- The proposed quasiparticle approach 
can be applied to study color excitations in the nonperturbative regime. As an example we 
estimate the temperature dependence of the Debye Screening mass and find that it decljnes 
sharply when approaching the codnement temperature from above, while the thermal mass 
continuously rises. 

Studies o f p p  and pd Interactions with the  Time of Flight Spectrorneter at COSY 
&A&a PHysica Polonica B 3'01.27 (1996)) 

Roderburg, E„ R. BzSger, A. Böhm, K.-T. Brinkmann, H. Clement, P. Cloth, M. Dahmen, M. 
Dellert, V. Drüke, K. Dutz, W, Eyrich, H. Fkeiesleben, D- Filges, M- Fritsch, R. Geyer, A. Has- 
san, 3. Eauffe, 5. Bayss, P. Eermanowski, B. Hübner, P- Jahn, K- =lian, H. Koch, R.A. Kraft, 
J* I<mgs 3. Kress, E- Kuhlmann, S. Zange, H. bfatthäy, A. Metzger7 W. Meyer, P. Michel, K. 
Möller, M. Moosburger, I3.P. Morsch, C. -Sake, B- Blaumann, L. Naurnann, N- Paul, M. Rogge, 
6. Rohl.oES A. Schadott, A. Sehülke, T. Sefiick, E. Sinde, R. Sperl, M. Steinke, F. Stinzing, P. 
Turek, G 3 ,  'CVagaer, D. 'tYaflum, S. Wirtlo, U. Sielinsky 



Abstract: First results of measurements with .the Time of Flight spectrometer are shown. Re- 
constructed missing mass distribution~ of the reactions pp + d ~ + ,  pp -+ p p ~ O ,  and pp + pK+A 
are given. 

,+Meson Self-Energy and Dieleetron Emissivity in an Isospin-Asymmetrie Pion 
Medium 
(Phys. Rev. D 53 (1996) 3770) 

Titov, AI., T.I. Gulamov, B. Kämpfer 

Abstract: The pmeson self-energy in an isospin-asymmetric pion gas at finite temperature and 
charged-pion chemical potential is evaluated. We utilize a conventional effective T-p  Lagrangian 
and the functional integral representation of the partition function in the second order in the 
pmr coupling constant. We analyze the p-meson polarization operator and its dependence on 
the invariant mass M and spatial momentum I p I of the p-meson. The pole positions and the 
values of the imaginary parts of the self-energy for different polarization states have different 
functional dependences on M and I p 1. The corresponding dielectron rate (calculated from the 
imaginary part of the in-medium pmeson propagator) shows a distinctive asymmetry when the 
momentum t = p+ - p- is perpendicular or parallel to p*, where p* are the ei momenta of 
the electron pair. 

The Reaction NN + NN in the 1 GeV Region within an Effective One-Bmon 
Exchange Model 
(Phys. Lett. B 372 (1996) 15 

Titov, A.I., B. Kämpfer, B.L. Reznik, V. Shklyar 

Abstract: Within an  effective one-boson exchange parametrizatlon of khe T rnatrix sf NAT In- 
teractions we calculate Cross sections for the reactions pp + ppy and pa + pny for prokm 
incidence energies in  the order of 1 GeV. Besides bremsstrahlung processec we consider pbotons 
from A decays and contributions from the q -i yy process, where the q is excited via t b  Ni535 
resonance. At beam energies above 700 MeV Ihe A decay channel dominata for 1mge p h ~ t ~ ~ f  
energies, while above the 71 threshold the decay photom show ug on1y in % narrow windont- 
The low energy photons stem from pure bremsstrahlung p r~cas&~.  



Heavy-Ion React ions 

Theoretical work aimed for investigating the effects of mean field and in-medium cross- 

section on the observables in heavy-ion collisions. The sensitivity of the cross-section to 

the directed side Aow was demonstrated in the molecular dynamics approach. In various 

energy regions new data became available quantifying the influence of the electric charge 

of the combined system on spectra of positively and negatively charged particles. The 

observed differente between these spectra delivers information on the source properties 

and supplements the Hanbury-Brom= and Twiss analysis. 

The FOPI collaboration proceeded successfully with their Programme towards higher 

bombarding energies where meson production becomes essential. New data are taken 

for collisions of the four target-projectile combinations of and 9 6 R ~  to investigate 

equilibration and collective flow as a function of the isospin between 400 -4.MeV and 1.5 

AGeV. Still there are Open questions for energies around a few hundreds of MeV. The 

amount of pre-equilibrium emission could be studied by analysing the 3He to 4He ratio 

which is larger than predicted by the statistical model although partly of 3He could corne 

from coalescence. As in the GeV region fragments are becoming rare proton-proton cor- 

relations are the proper mean to extract the source size. The analysis of the reaction Ni 

on Ni gives an example how time and spatial extension can be disentangled by means of 

the method developed by S. Koonin. 

Since the 4~-spectrometer FOBOS went into operation at the U-400M synchrotron in 

Bubna at the end of 1995, the FOBOS group was very active in taking data for inter- 

mediate heavy-ion reactions. lg7Au and 232Th targets were bombarded with ion beams 

of 7Li and 14N of 43 A.MeV and 53 AeMeV, respectively. This energy is just b e h  the 

threshold of the transition from fission to multifragmentation. Severai 107 binary and 10' 

ternary events were collected. The kinetic energies of very asymmetric fission events wem 

compared with the Viola systematics. A calculation of the energy landscape supports the 

experimental findings of preferred emission of deeply bound clusters. Surprisingly small 

fragment-mass spreadings were found at  high excitation energim. Their interpretation re- 
quires a detailed analysis aif the cooling mechanism along the fission path, The transitian 

from binary to ternary decay were studied on the basis of velocityvelocity ~orselations. 

Emissions of light fragments from the neck as we11 as neaprly mw-sgmmetriic, &ree-bsdy 

decays were obsemd. The systern decays preferentially from a linear confi@r;ation- A 
theoretical analysis is in preparation to extract the pre- and p~-rst-sciscio~ contribukion8 

to the light charged paticle ernission. 



Study of Freeze-Out Time by Means of Pionic Charge Ratio in 
Ultrarelativistic Heavy Ion Collisions B 

In heavy ion collisions at ultrarelativistic energies, nuclear systems with a total net positive 
charge of around 160 can now be studied. In central PbfPb collisions at CERN-SPS energies 
a significantly increased ratio of negative pions to positive pions has been observed at low 
transverse masses. 
We investigate this effect as a consequence of the strong Coulomb field of the source which 
accelerates the pions essentially during their free motion after freeze-out. The freeze-out scenario 
is described by a longitudinally and transversally expanding fireball in thermal equilibrium. Pion 
trajectories are calculated in the field of the fireball. Initially formed charge asymmetries turn 
out to be unimportant since they are washed out by thermal motion. 
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Our investigations show that an increase of temperature, transversal expansion velocity or freeze- 
out time diminishes the difference between positive and negative pions. On the sther hand the 
eiTect has turned out to be propostional to the rapidity density of the net positive charge. 
Taking a temperature of 120 MeV, a mean transverse velocity of 0.42 of light veocity and a net 
charge rapidity density of 35, which are compatible with recent measurements of the NA44 ;~nd  
NA49 group, we can adjust the freze-out time parameter of the source to be 7 fm/c in order to 
reproduce the data (see Fig.1). 
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(IMFs) with charges larger than two [I]. 

b(fm) 

Fig. 1 Calculated average side flow F of all 
fragments and IMFs as a function of the   LU- 
pact parameter b for Au on du collisions at 
150 MeV per nucleon for two values of 30 mb 
and 50 mb ofthe effective cross section. Data 
(stars) are taken from [2J 

- exp.  
ooo eaEc. 50 mb 

- -mm calc. 30mb - 

FEg. 2 Effect of the nucleon-nucleon cross- 
section on the peak in the IMF-IMF correla- 
tion function C2 as a function of the reduced 
velocity VTed for Au On AU collisions at  250 
MeVper nucleon. Data are taken from [3]. 

Especially, we have studied the effect of the in-medium C~OSS-section on the amount of side flow 
F = ( l /AIMF)d(Ps)  /dy. A streng rise has been found with increasing cross section. Fig. 1 shotvs 
the side %ow calculated with the force Skm* for IMFs arid its average over all produced particles. 
The side flow affects also the ~ e a k  in the velocity-correlation function Cs measured in semi- 
peripheral Au on Au collisions 131. Larger side fiow causes larger asymmetry in the azimuthal 
angular distributioa and shifts therefore the maximum of the mixed correlation function towards 
larger relative velocities which increases the Peak in the functioin C2 as shown in Fig. 2. 
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Proton-Proton Correlations in Central Collisions of Ni+Mi at 1.93 A-GeV 
and the Space-Time Extent of the Emission S0urce~3~ 

R. KOTTE, J. BIEGANSKY, J. MÖSNER, W, NEUBERT, C. PLETTNER AND D. WOHLFARTH 
FOPI COLLABORATION 

We have studied experimental small-angle correlations of proton pairs produced in central col- 
lisions of Ni+Ni at 1.93 A.GeV. The present analysis [l] uses a subsample of the data, taken 
with the outer Plastic Wall/Helitron [2] combination of the FOPI detector system [3] ak the 
heavy-ion synchrotron SIS at GSI Darmstadt. For the first time the difference betpreen trans- 
Verse and longitudinal correlations has been derived in heavy-ion reactions in the beam enexgy 
region of 1 - 2A-GeV. This difference can be explained as a result of the finite source lifetirne. 
The additional information allows to unravel the space-time ambiguity of the emission process. 
We have fitted simultaneously the longitudinal and transverse correlation functions with the 
predictions of the Koonin-Pratt formalism [4]. The fast collective expansion of the participant 
zone introduces a reduction of the extracted source radius of more than 30%. Correcting for this 
effect and taking into account the finite experimental resolution the extracted r.m.s. radius m d  
emission time parameters of the source amount to l&„ = (4.2f 1.2) fm and &rnS = (ll?;) fm/c, 
respectively. In contrast , the analysis of t he angle-integrated correlation functisn gives an upper 
limit Sm, = (7.0 & 1.4) fm of the source radius. The estimated characteristie source emissisn 
time is the shortest one determined with the method of directional cuts on the two-proton coxre- 
lation function known so far. It does well compaxe with the typical expansion time of the souree 
of about 10 fm/c. 
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Light Charged Particle Emission in Central Au+Au Collisions B*G 

W. NEUBERT, A.S. BOTVINA~, J.BIEGANSKY, R. KOTTE, J. MÖSNER, 
C. PLETTNER AND D. WOHLFARTH 

A modified statistical multifragmentation aodel  which considers the emission of neutrons arid 
light charged particles (LCP) prior to thermalization has been recently presented in ref. [I]. The 
essential quantities to parametrize the thermal source are the excitation energy E*, the number 
of nucleons A, and the energy of the radial flow Ej. These Parameters have been derived from the 
steepness of the charge distributions of intermediate mass fragments (IMF, Z 2 3) arid the IMF 
multiplicities as described in [l]. The corresponding values at 250 AMeV are E* = (11.5 f 1.5) 
AMeV, A, E 217 and Ef = 34 AMeV (taken froni ref.[2J). The proton, deuteron and triton 
yields solely generated by this thermal source are underestimated compared to the experimental 
data, refs. [2,3]. Protons are the dominating particles in the preequilibrium component which 
are expected to contribute also to the central event sarn- 
ples. Therefore, we donot relate the hydrogen and he- 
lium isotopic yields to the proton intensity (as origi- 
nally done in [3]) but we consider the ratios shown in 
fig. 1. The other preequilibrium LCP's are lower in 
abundante and we expect that they are strongly sup- 
pressed in the telescope setup [3] with limited polar 
angle 60° 5 0,.,. 5 90° and small azimuthal cover- 
age. Therefore, thermal source simulations should be 
reasonable. The above parameters provide yield ratios 
which slightly deviate from the data. How much have 
these parameters to be changed to reproduce the LCP 
yield ratios devoid of preequilibrium admixtures ? Since 
the calculated equilibrium yield ratios have been found 
to be independent of the source size only the excitation 
energy has been varied to remove the remaining devi- 
ations of the yield ratios. Fig. 1 shows that a good re- 
production can be achieved with slightly increased E*. 
However, the reproduction of the ratios which involve 
3 ~ e  require an excitation energy beyond the error lim- 
its of E* given at the beginning. In this context we 
mention the enhancement of the %e yield by coales- 
cence [4] by which thc ratio % e f e J 4 ~ e  Comes closer to 
thc data using a low E*. Thm, reasons of hitherto exist- 
ing discrepancies between statistical niodef simulations 
and data mentioned in ref. [3] have been enlightened. 

250 AMeV 

Fig. 1 Isotopic yield ratios vs. 
excitation energy E*. Hatched 
bands: data obtained from central 
event samples [3], dots: thermal 
source simulations filtered for 60' < 
@,.,, 5 90' with lower and upper 
detection thresholds [3] of the given 
particle species. 
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A Possible Reason of the 3He -*He Anomaly Observed in Central Heavy Ion 
Collisions B'G 

W. NEUBERT: A.S. BOTVINA~, J. BIEGANSKY, R. KOTTE, J. MÖSNER, 
C .PLETTNER AND D. WOHLFARTH 

Hahn-Meitner-InstitiIt Bedin GmbH, GlZenicker Str. 100, 1&09 BerEZn 

In various reactions (NbfNb [I], Au+ Au [1,2,3], Ar+Ca 141, Ar+Ni [5] and p+Ag [6])  the mean 
kinetic energy (Eki,) of 3He fragments has been found to be larger than that of 4He. This obser- 
vation is opposite to predictions of statistical equilibrium models and radial fiow considerations 
171. Moreover, we have found that statistical calculations for the Au-iAu system underestimate 
the Z=2 multiplicity which has been obtained in experimental central event samples. Here we 
probe an approach which considers preequilibrium emission from a central source prior to equi- 
libration followed by secondary particle evaporation. The calculations with the code SMMFC 
are performed for 250 AMeV Au+Au with a parameter set adjusted by available data. The 
excitation energy and the size of the equilibrated source have been found from the abundances 
of intermediate mass fragments (2 > 3). Such calculations favour 3He production in the pree- 
quilibrium stage. However, these yields are still too low to compensate the missing portion of 
the Z=2 multiplicity. 
Additionally, 3He fragments may be produced if a 
preequilibrium proton and a p - n pair combine af- Au -t- Au 250 AMeV 
ter scattering independently into small phase space. 
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In the present code version such coalescence processes - 200 

are treated in momentum space, a realization in coor- % 
dinate space is under consideration. We have gener- 2 Ig0 

ated energy spectra of 3He and *He by superposition 2 
of preequilibrium admixtures to the thermal compo- f 160 

nent. Whereas the mean kinetic energy of 4 ~ e  re- 
mains nearly constant, that of 3He increases with in- 140 
creasing preequilibrium content (see fig. 1). The en- 
hanced kinetic energy of 3 ~ e  can be reproduced if 120 
we assume that about 35 % of the total 3 ~ e  yield 
is formed by coalescence in the preequilibrium stage. 
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We note that just this surplus of both He isotopes is 
Io0 do 40 ' 60 

able to account for the missing part of the measured % preequilibrlum contenl 
Z=2 multiplicity. 
Preliminary calculations performed with similar as- Fig. 1 Mean kinetie energy V,% pre- 
sumptions for the system Ar + Ca at 400 AMeV show equilibriurn eontent of the 3He and the 
a satisfactory agreement with the data f4] too. 4He yieIds, respectiveIy 





Different Three-Body Decay Modes of Hot Heavy Nuclei " 
C.-M. HERBACH, H.-G. ORTLEPP~, A.A. ALEKSANDROV~, I.A. ALEKSANDROVA~, 

L. DIETTERLE~ , V. N , DORONIN~ , P. GIPPNER, S . A. IVANOVSKY~ , D .V. KAMANIN', 

A. MATTHIES~, YU.E. PENIONZHKEVICH~, Y7J.V. PYATKOV~, G. RENZ, K.D. SCHILLING, 
D .I. SHISHKIN~, 0 .V. STREKALOVSKY~, V.G. TICHTCHENKO~, 1.P. TSURIN~, 

C. UM LAUF^, W. WAGNER', M. WILPERT~, AND V.E. ZHUCHKO~ 

The bbody decay of hot heavy nuclei at excitation energies up to 3.5 MeV/amu has been in- 
vestigated in the reactions 1 4 ~ ( 5 3 A ~ e ~ ) + 1 9 7 A u  and 2 3 2 ~ h  by using the fragment spectrometer 
FOBOS [I]. In both runs, intermediate-mass fragments (IMF: Z>2) in coincidence with fission 
fragments (FF) have been identified. The separation of IMFs from different sources was achieved 
by means of gates within the distribution of the relative velocity V I M F - ~ ~  between the IMF 
and the center-of-mass of the two FFs versus the IMF ernission angle OIMF-F~ relative to the 
fission axis (Fig.1): The dominant isotropic yield with VImfF-FP=2.5-3.5 cm/ns corresponds to 
the Coulomb repulsion from a target-like nucleus. In contrast to this, IMFs observed within the 
range of VIh/[F-FF=1.5-2.3 cm/ns are focused close to 90°, thus codrming the neck emission 
mechanism recently seported in [2,3] for IMFs up to Z=8. A further ternary decay mode with 
VI&IF-FF=0.9-2.0 cm/ns turns out to be not focused. However, both groups of low-energy 
IMFs exhibit much flatter charge distributions and relative yields that are less dependent on 
excitation energy than those for IMFs of the sequential mode (Fig.2). This observation indicates 
a slow decay mechanism at the end of the de-excitation process, when the primary excitation 
energy is almost completely removed by particle evaporation - as known from binary fission f4]. 

Excitation energy per nucleon {MeV) 

Fig. 1 Relative IMF velocity versus IMF emis- Fig. 2 Relative yieIds of f;ernaxy decay 
sion angle with respect to the fission axis modes in dependence on z2-a excigagion 

energy 
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Mass-Symrnetric Collinear Tripartition of Hot Heavy Nuclei B 

C.-M. HERBACH, H.-G. ORTLEPP' AND THE FOBOS COLLABORATION 

The reactions 1 4 ~ ( 5 3 ~ ~ e ~ ) + 1 9 7 ~ u  and 23"h have been used to study the decay of equilibrated 
compound-like systems into three fragmerrts at excitation energies up to 3.5 MeV/amu - weil 
below the multifragmentation threshold. The event-by-event analysis of the angular and velocity 
correlations between the fragments allows to distinguish between different modes of ternary 
disintegration [I]. Due to the near cancelation of the Coulomb forces parallel to the scission 
axis of two separated fragments, a third fragment simultaneously formed in between the two 
others can be identified by its reduced kinetic energy and by its emission perpendicular to 
the scission axis of the outer fragments [l]. For the following analysis, the three fragments are 
sorted according to their masses, which were determined from TOF-E measurements. The charge 
distribution of the lightest fragments is s h o m  in fig.1 for different decay modes. The yield ofthe 
focused simultaneous component is nearly constant for Z>10 up to charges, which corres~ond 
to a decay into three fragrnents of comparable mass. Selected events from [I] of nearly mass- 
symmetric tripartitions have been further analyzed with respect to relative fragment velocities 
(fig,2): (i) between the lightest fragment and the center-of-mass of the two heavier fragments 
V I M p - F ~ ,  and (ii) between the two heavier fragments VFF- The data for the simultaneous 
&cay agree with estimates that take into account the Coulomb energy at scission of a collinear 
three-fragment configuration assuming the same distance between neighbors as for the binary 
case [2], This is a signature, that our results indieate a transition from the 'neck'-emission of 
intermediate-mass fragments [3] to the mass-symmetric ternary fission, which has been predicted 
within the framework of the liquid-drop model 141, but has not yet confirmed experimentally. 
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c l ~ s  for different d e m .  modcs, the yields for Z<6 are for events from the ternary de- 
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masses 



Angular Distribution of LCP Emitted in Binary Fission B 

T .  MÖHLENKAMP, C .-M. HERBACH, D. KAMANIN' AND THE FOBOS COLLABORATION 

The angular distributions of light-charged particles (LCPs) in the reaction 14N(53AMe~)+197Au 
have been analyzed. The LCP were measured by the Cs1 scintillator shell of the FOBOS spec- 
trometer in coincidence with binary fission. The folding angle between the two fission fragments 
was used to deduce the portion of linear momentum transfer (LMT) as a measure of the excita- 
tion energy of the composite system. It was calculated event-by-event from the center-of-mass 
velocity VcM relative to the velocity V„, of a completely fused projectile and taget.  
The number of the detected LCPs, separated for charges Z=l and Z=2, was normalized to the 
effective solid angle and to the number of fission events. Both angular distributions for H (Fig.1) 
and for He exhibit a nearly constant behaviour in the backward hemisphere and a strong rise 
towards smaller polar angles. The error bars in Fig.1 indicate the discrepancy of the results 
obtained from several CsI-detectors at the Same polar angle and therefore include some non- 
uniformity of the azimuthal angular distribution of LCP with respect to the fission plane. In 
order to separate the yield of isotropic LCP evaporation, the mean value of the distribution at 
0>100° was integrated over the entire angular range. The pre-equilibrium LCP emission, which 
preferably occurs in the forward direction 0590° , was estimated by an exponential fit of the 
difference between the total yield and the yield from evaporation. 
Before the LCPs can be detected, they have to pass through the layers of the FOBOS set-up: 
the gas of the ionization chamber (q N 16mg/cm2 Ar(90%)+CH4(10%) ) and a supporting grid 
(V z 47mg/cm2 Ni ) of 75% transparency. The portions below the corresponding energy thresh- 
olds for protons and a-particles were estimated to be 4% and 40% for LCP from evaporation 
and 2% and 25% for the pre-equilibrium component. The resulting efficiencies E were used to 
correct the absolute yields, displayed in Fig.2 for different bins of LMT = VcM/Vma„ Except 
for the lowest LMT bin, the yields of LCP evaporation (left panel) are linearly increasing with 
excitation energy. They amount up to 2.6 and 1.5 for H and He, respectively, while the ratio 
NH/NHe is decreasing from 2.8 to 1.7. The yieIds from pre-equilibrium LCPs have a weaker 
dependence on LMT (right panel). The number of H per fission increases with LMT Ecom 1.2 
to 1.9, while the He yield at about 0.7 turns out to be independent of LMT, Corresponding to  
the measured value of <LMT>=0.47 both pre-equilibrium contributions add to about 50% of 
the 1 4 ~  projectile charge. 



Effect of the Saddle-to-Scission Cooling on the Fragment 
Mass Dispersion in the Fission of Hot Nuclei B 

H.-G. ORTLEPP~ C.-U. HERBACH, 17'. \ ~ - ~ G N E R ~ ,  and tlie FOBOS Collaboration 

One of the goals of the presently running physical Programme at the FOBOS spectrometer are 
nett. fragment-spectroscopic data about the fission of bot nuclei [I]. The main experimental 
problem at high E* - the deterioration of the measured Parameters due to the emission of many 
particles [2] - has been overcome by the principles applied at the FOBOS detector [3]. Tlie further 
interpretation of the data taken for the reaction 'Li (43 AMeV) + "'Th, however, showed up a 
new error source not taken into account in [l] and [3]. As the fragment masses and also the linear 
momentum transfer (LMT, used as measure of the excitation energp E*) are derived from tlie 
Same ralv data, considerable cowriances occur in their uncertainties. In tlie present re-analgsis 
nass disributions without unpliysical correlations have been achieved deriving LMT and mass 
from different ra-w parameters. Bg additional selection conditions also geometrical acceptance 
effects have been excluded. The fragment mass dispersions in dependence on the LMT, deduced 
in this way, are shown in Fig.1. Tliey fali far below a systematics derived in [4] on the basis of 
man37 h e a ~ y  ion induced fission data, thus demonstrating the effect of suppression of the upper 
mentioned experimental errors in tlie present re-an*sed FOBOS data. 
For E' = 50-90 MeV many measured mass dispersions are wen understood as proportional to the 
Square root of the temperature [5]. The rise of the dispersion predicted by this proportionality 
using the mass asymmetry stiffness parameter from the s~~stematics [5] is also shown in fig. 1. 
The considerably slower rise of the measured dispersion at E* above 80 MeV can be understood 
as a new effect of the particle e~aporation during the long descent from saddle to scission. The 
effective temperature exciting the mass-asymmetry mode becomes substantionally lower than 
the initial one. The extreme assumption that tlie mass distribution is "created7' near scission 
yields too small values. The whole process from the primary excitation up to the scission 
influences the fragment creation. For the description of the underlying dynamical evolution of 
the System presently a three-dimensional model on the basis of the Lange~in formalism is being 
developed. 

70 
' t M Y O  

22 j 210 Fig. 1 
nt induceqy Mass asymneiry s H f 5 :  Fission fragment mass dispersion in 

2s[fissim / aysiernaiica 1 dependence on the transferred momen- 
rsl SY&. ;' 

//' - tum for 'Li + '3'Th. The increase 
? a-fE41 :- ," E 5 ; W  

a t  low E* is due to a double-humped 
E, .Y I component which was separated out by -: 

E 441 j,&+-;~+ j 
t- ! P -  

a TKE cut. Open circle - dispersion 
121 y 

= # . . .  . . ?  of remaining symmetric distribution. 
~ 0 %  . .  . 

J ! .  iii.?äisciscion LDM ciiiiness p7 Lines - see text. 

"nstitut filr Kern- und Hadronenphysik, FZZR and Flerov Laboratory of Nuclear Reactions, JIHB Dvbna 

References 
[I] H,-G. Ortlepp et d., Proc. Int. Conf. LEND '95, St. Peserburg, dpril 1995, 

R"or1d Scientific 1995, p. 231; Preprint FZR-102 (1995) 
2 G. Casini et al., NucI. Inst. and Meth in Phys. Res. k271 (19139) 445 
131 6.-M, Herbacha Proc. FOBOS tvorkshop Cracow 994, FSR-65 (1995) 87 
4 W.V. Schröder and J.R. Heizenga, Nud. Phys. A5@2 (1989') 473c 
[5] M. G. IClüs et aal., Fiz. Elm. Chastits A%. Yadra 19 (1988) 701 



Manifestation of Clustering in Spontaneous Fission of 252Cf B 

Yt..V. PYATI~OV~, PASHKEVICH-, 
Yu.E. PENIONZHI~EVICH~, V.G. TISRCHEKI~O~,  A.V. UNZHAICOVA~, 

P. GIPPNER: C.-&{. HERBACH, H--G. ORTLEPP~, K.D. SCHILLING, W. \Y.ZGNER~, 
and the FOBOS Collaboration 

In ref. [I] a 252Cf spontaneous fission measurement performed at the FOBOS detector [2J is 
reported. On tlie basis of tlie Same data a nesv special analysis was performed with the aim of 
searching for manifestations of cluster effects in total-kinetic-energy - mass (TKE-M) distribu- 
tions. To visualize the gross structure of the experimental two-dimensional T K E - M  spectrum 
it was transformed into the conditional distribution P(MIE*), where E* = Q - TKE and Q is 
the energy released in the reaction for a given mass splitting. The transformation can be done 
by normalization to  unit area of every Cross section at given E* of the P ( M ,  E*) distribution. 
The contour map of the P(,M]E*) distribution is presented in Fig. 1. One can clearly See two 
components (modes) in the plot at mass splits 106/146 and 1181134. 

To analyze the data presented here potential 
energy surface (PES) calculations svere per- 
formed using the method of Ref. [3]. Two 
distinct valleys on the PES predicted for the 
descent presumably give rise to the modes 
shown in Fig. 1. Two constituents (clusters), 
tvhich are close to magic spherical and de- 
formed nuclei are responsible for the shape 
of the fissioning system in each fission mode 
(inserts A and B). 
Furtlier conclusions drawn are as follosvs. The 
available experimental and theoretical results 
give evidence for the existente of fissioii modes 
caused by clustering of the fissioning nuclei. 
One of the modes in "'Cf can be treated as 
a heavy-cluster decay involving the formation 
of ttvo fragments close to magic Sn nuclei. 
A sharp drop of the proton odd-esren effect 
is discovered a t  an excitation energy above 
E* N 40 MeV in the scission point, svhich 
is presumably associated with the complete 
clusterization of the fissioning nucleus. 
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Fig. 1 The contour maps of the conditional 
distribution P(MIE*). The panels depict the 
shapes of the fissioning system fdlowzlzg ~ P O W  

the PES calculations ascribed to the two domi- 
nant structures. 
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Parametrization of the Kinetic Energy Release in Two-Fragment Decays 
of Hot Nuclei 

EvaIuations of the total kinetic energy release (SKE) in fission [I, 21 are widely used for predic- 
tion and interpretation purposes of nuclear-reaction data. The TKE-formula of ref. [2], ~vhich 
bases on a simple two-spheres approximation of the scission configuration, well describes the 
measured mean TI iE  of mass-symmetric as weil as medium-asymmetric fission, if a correction 
for the charge split and the actual fragment radii is applied. At large fragment mass (Ai) asym- 
metries (R = e) observed in tlie binary fragmentation of hot compound systems produced 
by incomplete fusion reactions (e.g. in refs. 13, 4, 4), hmever, the scaiing of the effective 
scission distance (N (AiJ3 + Aif3)) becomes incorrect. The T K E  smoothly approaches to the 
energy value of the Coulomb barrier. This means that the fission path of tlie nucleus from the 
saddle towards scission becomes successively shorter, and the collective motion is, with respect 
to symmetric fksion, less damped [3]. Such a behaviour has been predicted in ref. [6]. 

have empiricdy found that the T K E  measured for binary fragmentations can be rather 
accurately described over the broad range of R and for nuclei of very different mass (A) and 
atomic number (2) by the parametrization given in eq. 1 (fig. 1). 

Z" 
T K E  = (0.2904 k 0.0075) + - -- 'lA2 MeV 

A2 

0 I I .  i Fig. 1 Experimental T K  E - data 
0 20 40 60 80 100 (symbok) compared with calculations 

Fragment mass number using eq. 1 (lines). 

In the case of symmetric mass splitting, 
eq. 1 reduces to the analytic expression 

A = 176 given in refs. [I, 21, but without the con- 
ref. 131 stant term and with a slightly different 

slope parameter. As an analysis showed, 
eq. 1 also well evaluates the available 

A =  141 experimental TKE-data (cf. ref. [2]) 
ref. 1s) over the whole range of the Coulomb pa- 

rameter 5. Non-Coulomb components 
A = 95 (e.g. thermal or rotational) which can 
ref. [41 contribute to the T K E  are not explicit- 

ly considered. 

Although a specific calculation of the TKE in a binary fragmentation of a nuclear system can 
be perfixmed by use of dynamid codes, eq. 1 may be useful for gross estimations. 
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Abstracts of publications 

Effects of Nuclear Coulomb Field on  Two-Meson Correlations 
(Phys. Rev. C 53 (1996) 2536) 

Barz, H.W. 

Abstract: The influence of the nuclear Coulomb field on two-pion and two-kaon correlations 
is investigated for sources with charge nurnber Z = 160. The source radii extracted from the 
correlation function determined in sideward and outward directions are remarkably affected for 
meson pairs with average momenta below 200 MeV/c. 

Cluster Production a n d  Correlations in  Nuclear Molecular Dynamics 
(Phys. Lett. B 382 (1996) 343) 

Barz, H.W., J.P. Bondorf, D. Idier, I.N. Mishustin 

Abstract: The formation of nuclear fragments in intermediate energy heavy ion reactions is 
studied within a molecular dynamics model, recently developed in Copenhagen. Observable 
characteristics such as fragment mass distributions, multiplicities of intermediate mass frag- 
ments (IMFs) and charged particles, fragment-fragment velocity correlations are calculated for 
Kr -t- Au and Au + Au reactions and compared with data at different bombarding energies. The 
data are well reproduced at beam energies above 100 MeV per nucleon. The sideward fiow and 
the fragment-fragment correlations depend sensitively on the in-medium nucleon-nucleon Cross 
section. 

Analysis of Hard Two-Photon Correlations Measured in Heavy-Ion Reactions at 
Intermediate Energies 
(Phys. Rev. C 53 (1996) R 553) 

Barz, H.W., B. Kämpfer, Gy. Wolf, W. Bauer 

Abstract: Recently reported measurements of hard photon correlations in the reactions 3 6 ~ ~  on 
27Al at 95 AMeV, s 6 ~ r  on natNi at 60 AMeV, and lslTa on lg7Au at 39.5 AMeV are analyzed. 
A ~oltzmann-Ühling-~hlenbeck transport model is used to describe the photon production by 
individual nucleon-nucleon collisions. In the lighter systems we find the best agreement with 
data when taking into account only photons from first-chance collisions of nucleons or photons 
produced during the Passage of the nuclei, while the model predicts also a considerable late- 
time emission of photons, which leads to a depletion of the calculated correlation function. The 
accuracy of the present data does not allow firm conclusions on the reliability of this late-time 
evolution. Our investigations do not support a recently reported interference pattern in the 
heavy Ta + Au system. 



Charge Pickup of 238U at Relativistic Energies 
(Phys. Rev. C 52 (1996) 993) 

Rubehn, Th., R. Bassini, M. Begemann-Blaich, Th. Blaich, A. Ferrero, C. Groß, G. Imm, I. Iori, 
G.J. Kunde, W.D. Kunze, V. Lindenstruth, U. Lynen, T. Möhlenkamp, L.G. Moretto, W.F.J. 
Müller, B. Ocker, J. Pochodzalla, G. Raciti, S. Reito, H. Sann: A. Schiittauf, W. Seidel, V. 
Serfling, \V. Trautmann: A. Trzcinski, G. Verde, A. Wörner, E. Zude, B. Zwieglinski 

Abstract: Cross sections for the charge pickup of 238U projectiles were measured at E/A = 600 
and 1000 MeV for seven different targets (Be, C, Al, Cu, In, Au, and U). Events with two fission 
fragments with a sum charge of 93 in the exit channel were selected. Due to the significant excita- 
tion energy, the majority of the produced Np nuclei fission instead of decaying by evaporation to 
residues. The observed cross sections can be well reproduced by intranuclear-cascade-plus- evap- 
oration calculations and, therefore, confirm recent results that no exotic processes are needed to 
explain charge-pickup processes. 

Total a n d  Nuclear Fission Cross Sections of 2 3 8 ~  at Relativistic Energies 
(Phys. Rev. C 53 (1996) 3143) 
Rubehn, Th., R. Bassini, M. Begemann-Blaich: Th. Blaich, A. Ferrero, C. Groß, G. Imm, I. Iori, 
G.J. Kunde, W.D. Kunze, V. Lindenstruth, U. Lynen, T. Möhlenkamp, L.G. Moretto, W.F.J. 
Müller, B. Ocker, J. Pochodzalla, G- Raciti, S. Reito, H. Sann, A. Schüttauf, W. Seidel, V. 
Serfiing, W. Trautmann, A. Trzcinski: G. Verde, A. Wörner, E. Zude, B. Swieglinski 

Abstract: Total fission cross sections of 2 3 8 ~  projectiles were measured at bombarding energies 
of 0.6 and 1 GeV per nucleon for seven different targets (Be, C, Al, Cu, In, Au and U). It  is 
found that al1 data points fall onto one curve, independent of bombarding energy, once the elec- 
tromagnetic contribution to the total fission cross sections is subtracted. The abrasion-ablation 
model predicts a significantly weaker target dependence than observed, aiud underestimates the 
nuclear fission cross sections for the heavier targets. 

Universality of Spectator Fragmentation at Relativistic Bombarding Energies 
(Nucl. Phys. A 607 (1996) 457) 

Schüttauf, A., W.D. Kunze, A. Wörner, M. Begemann-Blaich, Th. Blaich, D.R. Bowmm, R.J. 
Charityf A. Cosmo, A. Ferrero, C.K. Gelbke, C. Groß, W.C. Hsi, J. Hubele, G. I d ,  I. Iori, 
J. Kempter, P. Kreutz, G J .  Kunde, V. Lindenstruth, M.A. Lisa, W.G. Lynch, U. Lynen, M. 
Mang, T. bGhlenkamp, A. Moroni, W.F.J. Müller, M. Neumann, B. Ockere, C.A. Ogilvie, G.F. 
Peaslee, J. Pochadzalla, G- Raciti, F. Rosenberger, Th. Rubehn, H. Sann, C. Schwarz, W. Sei- 
del, V. SerBing, L.G. Sobotka, J. Stroth, L. Stuttge, S. Tomasevic, W. lkautmann, A. Trzcinski, 
M,B. Tsang, A.I"ucholski, G. Verde, C.W. Williams, E. Zude, B- Zwieglinski 

Abstract: Multi-fEagment decays of I2'xe, lg7Au and 238t8 projectiles in collisions with Be, C ,  
Al, Cu, h, Aa and U tafgets a t  energies between E/A = 400 and 1000 MeV have been studied 
with the ALADIH formrd-spectrometer at SIS. By adding an array of 84 Si-CsI(T1) telescopes 
the 60Bd-angie coverage of the setup was extended to  Ofab = 16O. This perrrnitted the complete 
deteckion of fkapents  3aom ehe projectile-spectator source. 
The clornulant featwes of the sptematic set of data is the Zbonnd universality %hat is obeyed 
by the &ilmwent mdtipEcities and correfations. These observables ase inwiant  Mth  respect ta 
%he ent2mce channel if pfotted as a functioa of Zbound, where Zoound is the sum of the atomic 



numbers Zi of all projectile fragments with Zi 1 2. No significant dependence on the bombarding 
energy nor on the target mass is observed. The dependence of the fragment multiplicity on the 
projectile mass follows a linear scaling law. 
The reason for and the limits of the observed universality of spectator fragmentation are explored 
within the reals of the available data and with model studies. It is found that the universal prop- 
erties should persist up to much higher bombarding energies than explored in this work and that 
they are consistent with universal features exhibited by the intranuclear cascade and statistical 
multifragmentation models. 



Nuclear Structure Physics 

This chapter comprises the Progress reports of theoretical investigations as well as the 

results of the experimental nuclear spectroscopy group. 

The main subject o f  the theoretical work is devoted to the further exploration o f  the 

new nuclear degree of freedom which is connected with the spin orientation. Considering 

initially the consequences of a non-principal axis rotation in nuclei with a deformed 

density distribution the detailed analysis of band structures in Pb isotopes with strong 

magnetic dipole transitions has shown that the concept of a tilted spin orientation can 

be extended to the nuclear current distribution where the deformation plays a minor 

role. The latter considerations implied the discovery of the phenomenon of magnetic 

rotation for which experimental evidence has now been coliected by more precise life 

time measurements. 

A further step is done by predicting another novel type of rotation, i-e. the chiral 

rotation for nuclei with a triaxial shape. According to this idea one expects to observe a 

pair of degenerate twin bands. A search for those interesting structures is planned in a 

EUROBALL experiment at the LNL Legnaro. 

The investigation of  an extra hexadecupole deformation aimed to  find a microscopic 

explanation for the AI = 2 staggering observed in some superdeformed bands. Hotvever, 

the calculated effect turned out to be tao small. The origin of the staggering is still not 

unraveled. 

The contribution concerning the supershell structure deals with non-nuclear finite Fermi 

systems: meta1 clusters and quantum dots. Interestingli; the calculation has the Same 

background as the shell correction method in nuclei and, in addition, the supershell 

structure is unter study for the nuclear moments o f  inertia. 

Another two contributions report on the theoreticd studies referrhg the coupling ~f 

resonance states to continuum decay claannels. ?"he model consiidering the in$erference 

between doorway states and giant resonances describes quaEtatfveiy the obsemed gamma 

decay strength. 

The experimental work in  our spectroscopy group was dominated by $he new pussibilities 

provided with the y-ray CLUSTER detectors. Altogether 7 CLWTIER sys tem rvere &I- 



ished by various german groups and operated successfull~. in several Pre-EUROBALL 

experiments. The spectroscopy group participated in respective campaigns at the Heide]- 

berg MP-tandem and at the Darmstadt UXILAC organized by- the german ELrROB,4LL 

collaboration. 

The results o f  previous (y,~')  experiments performed with the first CL USTER in 1993 at 

the S-DALINAC were analysed and confronted with RP-4 calculations. The contribution 

concerning the measurements of dipole states in a chain of  Te isotopes has shown that the 

high resolution power of  the CLUSTER was crucial for identifying a new type of dipole 

states with two-phonon character. These escitations having a complex isoscalar-isovector 

structure are analogous to the scissors-mode in deformed nuclei. 

In a common experiment with our partners a six CLL3TER arrangement built up at  

the Heidelberg tandem was used to investigate the level structure of  79Br. The data 

evaluation is  not finished but the main goal of this experiment to  follow a magnetic 

dipole band up to high spin (37/2) was achieved. The life time analysis will later allow 

for a more quantitative comparison with the tilted cranking model. The dipole band in 

7g13r is not a pure magnetic rotation. 

"3"he contribution concerning the level scheme of ''Y shows the rich band structure 

and wealth o f  phenomena obtainable by using the eEciency of  the modern y-arrays 

as GAMMASPHERE or EUROBALL complemented with particle detectors. The rich 

experimental material is a challenge for the nuclear structure theory. 



Chiral Rotation of Triaxial Nuclei 

S. FRAUENDORF AND JIE MENG' 

The Tilted Axis Cranking (TAC) theory is applied to the model of two particles coupled to a 
triaxial rotor. Comparing with the exact quantal solutions, the interpretation and quality of 
the mean field approximation is studied. For triaxial nuclei there appear two different types 
of solutions: The planar solutions, for which the axis of rotation lies in of one of the principal 
planes of the triaxial density distribution, represent A I  = 1 bands. The aplanar solutions, for 
which the rotational axis lies outside the principal planes, represent pairs of identical A I  = 1 
bands with the Same parity. The two bands difTer by the chirality of the principal axes with 
respect to the angular momentum vector. (There is an analogy to the "chiral C - atoms" in 
optical active chemical compounds.) The transition from planar to chiral solutions is found in 
both the quantal and the mean field calculations. Chiral rotation appears for a high j proton 
and a high j neutron hole (or vice versa) coupled to a triaxial core. More complex configurations 
of the Same type are also expected to show chiral rotation. It is not clear whether nuclei with 
the appropriate configurations can be sufEciently triaxial to show chiral rotation. A microscopic 
aplanar ("3Dn) TAC code has been developed, which is being used to search for possible nuclei 
with chiral rotation. So far, no experimental evidence for chiral sister bands has been reported. 
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Cyclotron Lab., Riken, Japan 
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1 
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Fig. 1 Planar (up- 
per panel) and apla- 
nar power pane3) 
TAC solutions. The 
fat arrow represents 
the angular momen- 
tum J. The labels 
s, i, and I denote, re- 
speciivelz the short, 
intermediate arad 
long principal axes 
of the triaxial nu- 
clear demity distri- 
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i@ of the aplanar so- 
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Analysis of Experimental Evidence for Magnetic Rotation 

S . FRAUENDORF 

In the works [I - 31 the concept of nuclear rotation has been extended to "Magnetic Rotation". 
In the case of the familiar rotation of deformed nuclei the deformed charge distribution rotates 
about the axis defined by the total angular momentum, emitting electric quadrupole radiation, 
the quanta of which connect the states of the band. In the case of magnetic rotation it is a 
magnetic dipole that goes round, ernitting magnetic dipole radiation, whereas the mass and 
charge distributions are almost spherical. The apparent contradiction to the familiar concept 
that only well deformed nuclei show rotational bands has initiated experimental activities to 
test the new theory concept in a stringent way. Tilted Axis Cranking (TAC) calculations have 
been carried out in order to check whether these experiments agree with the theory or not. 

A long standing discrepancy were the M1 transition rates in the Pb  - isotopes. New life 
time data from GAMMASHPERE E41 have resolved this problem and confirmed the correctness 
of the theory. The predicted existente [2,3] of magnetic rotation in the mass 140 and 105 
regions has been confirmed by experiments at GASP, measuring the M1 lifetimes in 139Sm [5] 
and the spectrum of lo5Sn [G]. Magnetic rotation in the mass 80 region is being searched for 
by the spectroscopy group in our institute. A M1 band has been found in 79Br, which has an 
intermediate character, showing a strong magnetic component and deformation as well [7]. 

12 I X the total angular momentum 3 (shears 

Fig. 1 Experimental B(M1) values as 
deduced from DSAM lifetime measure- 
ments on GAMMASHPERE 141 com- 
pared to TAC calculations. The de- 
crease of the B(M1) values with the 
rotational fiequency is a consequence 

- of the gradual alignment of the angu- 
0 - 

mechanism). Early experiments gave 
constant or even increasing B ( M )  val- 
ues. The new, more accurate B(M1) 

=i 
values show the predicted decrease, 

E demonstrating for first time the exis- 
V 4 ,  tence of the shears mechanism in a di- 

rect way 
It 
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Magnetic Dipole Bands in Odd Indium Isotopes 

S. FRAUENDORF RND J. REIF 

The structure of M1 bands in the odd isotopes lo7-l131n has been investigated by means of a 
shell-model calculation [I]. The configuration space consists of the proton g9/2 and neutron d5i2, 
g7/2, d3/2, ~112, hlIl2 orbitals outside the '''Sn core. The calculation describes the experimental 
energies [2] well. In particular, the transition from irregular M1 sequences in the light isotope 
to regular ones in the heavy isotopes is reproduced, 
The analysis of the wave functions reveals the presence of the intruder shears mechanism between 
the proton g9/2 hole and the neutron hlIl2 pair. In contrast to the Pb isotopes, where the shears 
mechanism is the main source for the generation of angular momentum [2], in the In isotopes 
a substantial fraction of the angular momentum ic generated by the normal parity neutrons. 
The In isotopes are an example that the concept of magnetic rotation [3] is more general than 
the shears bands model for the Pb  isotopes [2], where it originated from. The mechanisms of 
generating the angular momentum are more divers (different couplings of the neutrons in the 
d512 g7/2 orbitals). However, the common feature of both cases consisting in the large B(M1) and 
the small B(E2) values indicates that the rotation is of magnetic type, i. e. it is the magnetic 
dipole that rotates whereas the charge distribution is nearly spherical. The strong M1 radiation 
is generated by the g9/2 proton hole "antenna", which sticks out perpendicular to the rotational 
axis in order to keep large its density overlap with the neutron h1112 pair. In fact, the ratio of 
B(Ml) /B(E2)  - 1 0 0 ( ~ ~ / e b ) ~  predicted for the In isotopes points to a stronger prevalence of 
the magnetic character than in case of the Pb isotopes, where the ratio is W 3 0 ( ~ ~ / e b ) ~ .  

Fig. 1 Composition of the angular momentum in the dipole bands of odd - A Ia isotopes, The 
dumbbell and the torus iIlustrate the density distrjbiltion of orbitaIs z(gglz)-' and v(blliz)aJ 
respectively, whereas the density distribution of tkie dSl2 gv2 neutron orbitals is shom CIS t b  
cloud of pluses. A substantial part of the angular momentum Ts generated by recoüpfi;i1g &he 
neutrons in the d5/a 9712 orbitals. The ~ { g g ~ ~ ) - '  orbital forms filze "magaetic anten1185'. 
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Can Hexadecupole Deformation lead to AI = 2 Staggering? 

The detailed analysis of the some superdeformed bands has shown that there exists a AI = 2 
staggering effect i.e. it occurs a small regular displacement (some hundred eV) between the 
two sequences I = I. I, + 4, . . . and I = 1, + 2,10 + 6 ,  . . . in a given rotational band. The 
origin of this effect is still not clear. Among other explanations a ~henomenological fourth Order 
roter term with inherent C4,-symmetry has been studied [l] which indeed can generate such 
a staggering if the inertial parameter of this term is large enough. We tried to find out [2] 
\&&her such a rotor term can result fiom an superdeformed shape when an extra hexadecupole 
deformation term is added to the dominating quadrupole part. Such a shape is illustrated in 
Fig.1. The axial symmetry is reduced to Cq, which means invariante against 90 degree rotations 
about the z-axis. Therefore, in the corresponding bands appears K-mixing with AK = 4. 
The tilted cranking model enables one to estimate the inertial Parameter of the C& roter term 
modeled in [I] for describing such a K-mixing. The calculation was done for a typical super&- 
formed case e2 = 0.42 with a substantial hexadecupole deformation as in Fig.1. It turned out 
that the resulting size of the C4, rotor term is far too small to give the AI = 2 staggering 
observed in experiment. 
The AI = 2 staggering effect was also studied in odd-A nuclei within the core-quasiparticle 
coupling model. The question was investigated whether an odd high-j quasiparticle coupled to a 
C4, rotor can amplify the staggering. We found, however, that a staggering appears only if the 
roter core implies a fourth order term [l]. The hexadecupole shape of the core does not enhance 
the staggering. Thus, the appealing explanation that the AI = 2 staggering is a consequence of 
the deformed shape with C4-symmetry cannot be substantiated by our calculations. 

Fig. 1 
Shape of the deformed potential with 
C&-symmetrg for E2 = 0.42 und 
~ 4 4  = 0.1 (seen from the top). 
The equipotential lines at at z=0, 
z=&0.42 und z=10-89 in units of 

1 the radius r(ip = 8=U, z=U) are 
shown. The corresponding nuclear 
shape resembles a double pyramid 
with rounded edges. The eflect of 
the ~ 4 4  deformation i s  strongest at 
the waist z=O. 
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Super Shell Structure of the Magnetic Susceptibility of Meta1 Clusters and 
Quantum Dotslv 

Supershell structure has been discovered in the abundantes of alkali clusters [I]. It is understood 
as a quantum interference between electrons moving on triangular and Square orbits in a spherical 
confining potential [2]. We studied the magnetic susceptibility of spherical meta1 clusters and 
circular quantum dots [3] and found a similar supershell pattern, the origin of which can be 
traced back to the Same interference. Taking into account that the number of electrons is fixed, 
it is predicted that the supershell structure will survive averaging with respect to the electran 
number N over an interval of a few shells. It seems feasible to prepare ensembles of clusters 
embedded in frozen noble gas matrices and of quanturn dots on AlGaAs-GaAS- semiconductor 
hetero structures such that N is specified with an accuracy of 10%. The susceptibility of such 
probes is predicted to show strong paramagnetism modulated by supershell quantum beats. 
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Fig. 1 Finite size con- 
tribution to the magnetic 
susceptibility (in units cof 
Landau diamagnetic sus- 
ceptibility) of N electrons 
in a spherical cavity wieh 
the radius R = r S ~ ' l 3 .  
The calculations are car- 
ried out £01- Na at T = 
5K. The thin lines show 
the results without averag- 
ing over W. The fast OS- 

cillations represent the ba- 
sic shell structure. The fat 
lines are obtained by aver- 
aging over a Gaussian dis- 
tribution ~ 6 t h  the width rof 
about one shell. The up- 
per panei shows the sesu.l;ts 
for tlte grand canonicd en- 
semble. Tbe averaging 
quenche the magnetism 
Tb iower panel! shows tihe 
suseeptibIilt'tg for (approxi- 
mately] k e d  N. Averaghg 
mipes esrtztt the i%e fast 0si5.l- 
lations3 preser~ing the su- 
per shd quantum beats- 



Two-Phonon J = 1 States in 122~e ,  1 2 6 ~ e  arid l3'TeB 

R. SCHWEKGNER, G. WINTER, \7$. SCHAUER', bx. GRINBERG~, F. BECKER~, P. VON BRENTANO~, 
J. EBERTH~, J. ENDERS~, T. VON EGIDY', R.-D. HERZBERG~, X. HUXEL~, L. KÄUBLER, 

P. VON NEU~~ANN-COSEL~, X. NICOLAY~, J. O T T ~ ,  K. PIETRALLA~, H. PRADE, S. RAMAN', 
J. REIF, A.  RICHTER^, C.  SCHLEGEL^, H. SCHNARE, T. SERVENE, S. SK0DA3, T. STEINHARDT~, 

C. STOYANOV~, H.G. THOMAS~, I. WIEDENHÖVER~ AND -4. ZILGES~ 

Our study of the vibrational nuclei 122:126>130~e in (yl yr)  experiments [I] revealed several J = 1 
states at E N 3 MeV, where the occurrence of two-phonon states is expected. Quasiparticle- 
phonon-model calculations predict two states with J = 1 in this energy region: one 1- state 
resulting from the coupling of the first quadrupole and the first octnpole phonon (2; 8 31) 
and one lf state arising from couphg the first and the second quadrupole phonon which has 
mixed-symmetry (or isovector) character (2 t  8 2;J. This 1+ state represents a new type of 
two-phonon states with a complicated isoscalar-isovector structure. Based on the comparison 
of experimental and calculated level energies shown in figure 1 and transition strengths given 
in  figure 2 a tentative correspondence between experimentally observed J = 1 states and the 
predicted two-phonon 1- and l* states is proposed. - - 

Experiment 
4.0 0 EXP 

QPM 

Fig. 2 Top: experimental B1 strengths (T = -1 as- 
sumed for the experimental states) compared tI?th 
QPM values for the 1; + 0' transition. Bottom: 
eAxperimental M1 s%reng%hs (T = +1 assumed) and 
QPPM values for the 1: + 0* transition. Shaded 
area: experimental error bars. 
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Investigation of the Magnetic Dipole Band in 79Br with EUROBALL Cluster 
Detectors B 

T .  SERVENE, J. REIF, H. SCHNARE, R. SCHWENGNER, H. PRADE, G. WINTER, 
L. KÄUBLER', J. EBERTH~, H.G. THOMAS~, F. BECKER~, B.  FIEDLER^, 

5.   FREUND^, S. KASEMANN~, S. SKODA~, T. STEINHARDT~, 0. THELEN~, T. HÄRTLEIM~, 
CH. END ER^, F. KÖcK3, P. REIT ER^, D.  SCHWALM^, 

We investigated the nucleus "Br in the reaction 76Ge(7~i,4n) at E(7Li)=35 MeV at the Max- 
Planck-Institut für Kernphysik Heidelberg using a flat arrangement of six EUROBALL Cluster 
detectors. Details of the experimental setup are described in [1,2]. 
The coincidence data were sorted into a E,-E, matrix and a E-,-E,-E, cube. From the analysis 
of the logical coincidences, a largely extended level scheme of 79Br is proposed. In total, 32 new 
levels and 88 new y transitions were found. 
Multipole orders of the y rays were deduced from directional correlations of coincident y rays 
(DCO). In order to minimize the opening angle of the Cluster detectors only events detected in 
the middle rows of Cluster capsules at f 40° and 90" were sorted into a DCO matrix. An effi- 

(29/"" ...... .. . "" 
exp. DCO-ratio 

(Gate on E2 I 
806 I 

transition) 

Fig. 1 Magnetic dipole band in 7 9 ~ r  (Inter- 
band transitions omitted). The experimen- 
tal DCO ratios given on the left indicate the 
dipole character of the lowest six transitions. 

ciency correction was done for the &40° and 90" 
detectors separately. From the resulting DCO 
ratios level spins and mixing ratios were derived. 
In the level scheme of 79Br, the g9i2 band with 
signature a=+l/2 on top of the 912' isomer 
could be extended up to spin (37/2+) and the 
312- ground state band based on the P3/2 con- 
figuration was extended up to spin (3712-). 
The most interesting structure is the magnetic 
dipole band shown in Fig. 1. Here, fow: new 
dipole transitions were found and, for the first 
time, crossover transitions could be obse~ved. 
The examination of experimental B(Ml)/ 
B(E2,AI = 2) ratios is a stringent test of the 
predictions of the tilted axis cranking rnodel 
(TM). The obtained experimental values of 
B(Ml)/ B(E2,AI = 2) N 10 - 2 6 ~ i % / e ~ b ~  are 
consistent with the SAG calculat5ons for this 
band [3]. 
The further analysis of the data applging the 
Doppler shift attenuation rnedhad in order to de- 
termine kevel Iifetimes is in Progress. 

Institut für Kern- und Teilchenphy~ik~ T U  Dresden und Institut f& Kern- m d  &droneaphg3ikt 
Institut f ü ~  Kernphysik der Vnioersität zu K5ln 
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Rotational Alignment and Band Termination in slY B 

H. SCHNARE, J. REIF, R. SCHWENGNER, G. WINTER, J. DÖRING', G.D. JOHNS~,  S.L. 
TABOR', C.J. GROSS~, C. BAKTASH~, Y.A. AKOVALI~, D.W. STRACENER~, F.E. 
DURHAM~, D.G. SARANTITES~, M. KOROLIJA~, P.F. HuA5, D.R. LAFOSSE~, A. 

MACCHIAVELLI~ , 1.Y.  LEE^, W. RATHBUN~, A. VANDER MOLLEN~ 

Nuclei in the mass region around A = 80 have been found to exhibit a rich variety of structural 
behavior at high Spins. Theoretical cdculations as as experimental data have revealed 
properties like large deformation, shape coexistence and superdeformation. 
The fusion-evaporation reaction "~i(~~S,2arp)  has been used to study the neutron-deficient 
isotope 8 1 ~ .  The combination of the GAMMASPHERE array for 7-ray detection and the simul- 
t a n e ~ ~ ~  identification of ernitted charged particles by the MICROBALL detector proved to be 
an essential tool for a detailed spectroseopy of this nucleus. Clean spectra have been achieved 
by selecting the desired reaction channel with the charged-particle detector. Furthermore a 
precise Doppler-shift correction has been applied to the y-rap, deduced from an event-by-event 
determination of the nucleus recoil momentum. This leads to resolution-enhanced y-lines in the 
spectra. (e.g. a resolution enhancement by a factor 2 is obtained for a 1 MeV y-line [I]). The 
analysis of an Ey - Ey rnatrix as well as a Ey - Ey - Ecy cube resulted in the placement of more 
than 100 new y-rays and 80 new levels in the decay scheme of 81Y. Most of the new levels have 
been assigned to rotational bands, where 6 bands have been observed for the first time. Several 
bands have been extended up to an excitation enerm of 17 MeV with the top most spin reaching 
I=(%). The level scheme of 81Y, based on the present work, is presented in Fig. 1. 
At low excitation energy, all one quasiparticle excitations typical for Z=39 nuclei, have been 
identified. They are built on configurations involving the proton single-particle levels [422]$+, 
[301]$-, [303]$- and [301];-. The experimental evidence for a possible [301]4- level close to 
the ground state has been found for the first time in "Y. 
with increasing rotational fiequency the spin of the nucleus is predominantly built by the break- 
up of g9/2 proton as well as g9/2 neutron pairs and their alignment along the rotational axis. 
In the favored signature of the positive-parity yrast band (band A in Fig. 1) two of those 
&ignments were observed. On the basis of systematics and results obtained in the neighboring 
nuclei 7 9 ~ b  and 83Y the first alignrnent is attributed to g9/2 neutrons and the second to gg12 
protons. Regarding the negative-parity bands a gradual alignment of a proton 9912 pair is 
observed at low rotational frequencies. In addition an alignment of a 9912 neutron pair has been 
fomd for the favored signature of the negative-parity yrast band F. Band G is associated with a 
high moment of inertia (J(') N 26 f i2/~eV).  This value remains constant over a large fiequency 
range arid lies close to the moments of inertia deduced for superdeformed bands in the A x 80 
nuclei, However, at variance to the Latter this band has lbeen observed at a lower spin arid 
excitation ene ra  compared to the superdeformed bands established in the neighboring nuclei. 
The bmds A,C,H are found to exhibit the characteristic features of terminating bands. With 
increasing rotational fiequency they show a successive decrease in their moment of inertia ac- 
companied by an increasing ,:energy cost" for building spin units. 
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High-Spin States in the N = 48 Nucleus 87Y 

R. SCHWENGNER, G. WINTER, J. REIF, H. SCHNARE, T. SERVENE, H. PRADE, 
M. WILHELM~, S. KASEMANN~, E. RAD ER MACH ER^ AND P. VON BRENTANO~ 

In our investigation of the N = 48 nuclei 83Br and 85Rb a variety of phenomena has been 
discovered [I]. At low spin regular level sequences with collective properties were observed while 
at high spin three- and five-particle excitations lead to a multiplet-like structure. The large MB 
transition strengths between the states of the multiplets arise in the shell-model description from 
a recoupling of the spins of the involved proton and neutron orbits. This is an analogue of the 
shears mechanism described in the tilted-axis cranking model [2]. 
To extend the knowledge on N = 48 nuclei to nuclei with larger proton number we started 
the study of 87Y. Excited states in this nucleus were populated in the ''Se(l1~,4n) reaction at 
E = 45 MeV using the I1B beam of the FN tandem accelerator of the University of Cologne. 
Gamma rays were detected with the six-detector array OSIRIS CUBE. A total of 2.9 xl08 
yy coincidences was measured. Based on the coincidence measurement the level scheme of 8 7 ~  

known from previous work [3] could be extended up to E N 7 MeV. Some of the level assignments 
in [3] have been corrected. The preliminary level scheme deduced from the present work is shown 
in f i w e  1. Spin assignments are based on directional correlations of y rays extracted from the 
present yy coincidence measurement. The further analysis of the data is in Progress. Special 
emphasis will be given to the determination of level lifetimes. 

Fig, 1 Prelirninary bvel scheme of g 7 ~  deduced from f;he present work. 
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Interfering Doorway St ates and Giant R e s o n a n ~ e s ~ : ~ ~  

V.V. SOKOLOV~, I. ROTTER~, D.V. SAVIN' AND M. ~ / I Ü L L E R ~  

Using a phenomenological schematic model of multipole giant resonances we investigate analy- 
tically and numerically the effects of overlapping of their components. The Hamilton operator 
is 

where Ho is the unperturbed part containing N discrete levels and D D ~  is the residual internal 
interaction of dipole-dipole type (real part H of 7-1 +, Brown-Bolsterli model). The external 
interaction via K common decay channels is described by the imaginary part - ~ A A ~ .  

If the states overlap, the interaction AAT via the continuum of decay channels leads to inter- 
ferences between the states. First, N - K - 1 states become trapped and decouple almost fully 
from the continuum. Only K+l doorway states (K channel states and 1 giant dipole resonance) 
remain relevant in studying the Cross section pattern. In this case, the interference picture is 
determined mainly by the ratio X of the strengths of external and internal interactions and by 
the angle between the dipole vector D and the K-dimensional subspace of decay vectors AC. 

With increasing X, the mixing of all the K + 1 collective states leads to a restructuring of the 
total dipole strength in favour of the low-lying components and to an apparent quenching of the 
dipole strength [I]. The scenario is determined by mainly two of the doorway states: the giant 
dipole resonance with large internal collectivity and the channel state with the smallest width. 
The interference of these two resonance states is governed by the effect of avoided resonance 
crossing [2]. The dipole strengths of the two resonances behave very much like their positions 
in energy when considered as functions of X. While the Sums of the two resonance energies 
and of the two strengths remain constant, the corresponding difFerences decrease as functions 
of increasing X up to certain minimum values. The widths of the two states increase first with 
increasing X but bifurcate for large X. As a result, the dipole state is shifted to lower energy 
and the channel state, acquiring an appreciable dipole strength, becomes trapped. 

Thus, the mixing of the doorway components due to the interaction via the conunon decay 
channels influences significantly their multipole strengths, widths and positions in energy. The 
photoemission turns out to be most sensitive to the overlapping of the doorway sEates {3]- 

A saturation of the y multiplicity is observed experimentally at about 250 MeV excitation 
energy in heavy nuclei [4,5]. The different existing theoretical approaches can ody partly explain 
the situation observed [SI. The interference phenomena via the continum, described rvell by 
the avoided resonance crossing of two states, show qualitatively the sam features as t h ~ s e  
observed experimentally. Further investigations of this interesting quest;ion for conae& suck4 
are necessary. 
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Width Distribution in Statistical ScatteringD.xv 

In ji] we investigate the distortion of regdar motion by random coupling to few decay channels. 
The regdar motion is described by means of a Poissonian ensemble (POE). Positions and widths 
of the resonances are given by the complex eigenvalues of an effective Hamiltonian. In the strong 
coupling regime, where K broad modes have segragated from the N - K trapped ones [2,3] we 
found that there is a new distribution law for the widths: Whereas for the Gaussian orthogonal 
ensemble (GOE) one has a X& distribution as in the small coupling region, for the POE the 
variance of the width distribution is approximately double. 

We derived an analytic expression for the width distribution at strong coupling in the one charrnel 
case, using a two level approximation [4]. Rom this we get width distributions for the PlOE 
and the GOE which turn out to be only asymptotically correct for y I+ 0, where y = r/(rf) is 
measured in units of the mean trapped width. 

In ?Y 
Fig. 1 Distributions of the logarithms of the widths. The prediction of the two level approx- 
imation p„ (solid bold line) is compared to the numerical result (histogram) produced by 
diagonaflsing the corresponding efEective Hamiltonian. The two level GOE result pGoE (dashed 
bold line) is compared $0 the k n o m  exact distribution, the Porter Thomas curve (dashed line). 
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Abstracts of publications 

Shears Bands in lg3pb 
(Phys. Rev. C 54 (1996) 1106) 

Baldsiefen, G., M.A. Stoyer, J.A. Cizewski, D.P. McNabb, W. Younes, J.A. Becker, L.A. Bern- 
stein, M.J. Brinkman, L.P. Farris, E.A. Henry, J.R. Hughes, A. Kuhnert, T.F. Wang, B. Ceder- 
wall, R.M.Clark, M.A. Deleplanque, R.M. Diamond, P. Fallon, I.Y. Lee, A.O. Macchiavelli, J. 
OBiveira, F.S. Stephens, J. Burde, D.T. Vo, S. Frauendorf 

Abstract: Four bands of enhanced dipole transitions, with weak crossovers, have been observed 
in lg3pb. Three of these bands are connected to the spherical levels. In addition, the spherical 
level scheme has been extended. The nuclear spectroscopy was done with the early implementa- 
tion of GAMMASPHERE and HERA arrays of Ge detectors. The nucleus lg3Pb was populated 
in the 1 7 4 ~ b  (24Mg, 5,) reaction at beam energies of 129, 131, and 134 MeV. The experimen- 
tal results are compared to tilted-axis cranking calculations. The systematical behavior of the 
dipole bands in the heavier odd-A Pb isotopes, 195>1977199y201~b, is also discussed. 

Lifetimes of a Shears Band in 1 3 g ~ r n  
(Phys. Lett. B 388 (1996) 468) 

Brandolini, F., M. Ionescu-Bujor, N.H. Medina, R.V.Ribas, D. Bazzacco, M, De Poli, P. Pavan, 
C. Rossi Alvarez, G. de Angelis, S. Lunardi, D. De Acuna, D.R. Napoli, S. Frauendorf 

Abstract: Lifetimes have been measured in 139Sm with the DSAM method, using the reaction 
62Ni (81~r,p3n)139Sm at 350 MeV. In the negative-parity regular dipole band based on the 25/2- 
state at  3325 keV values of 0.60(21), 0.40(14) and 0.25(8) ps were found for the 337, 409 and 
473 keV transitions, respectively. The deduced B(M1) and B(E2) are in agreement with the 
predictions of the tilted axis cranking model, allowing a triaxial equilibrium shape for the as- 
sumed vhll12 @I 7ih&, configuration. 

First Observation of the Scissors Mode in a ?-Soft Nucleus: The Gase of 'g6P~ 
(Phys. Rev. Lett. 76 (1996) 2029) 

Brentano, P. von, J. Eberth, J. Enders, L. Esser, R.-D. Herzberg, N. Hwsel, E. Meise, P. 
voln Neumann-Cosel, N. Nicolay, N. Pietralla, H. Prade, J. Reif, 8. Richter, C. Schlegef, R. 
Schwengner, S. Skoda, H.G. Thomas, I. Wiedenhöver, G. Winter, A. Zilges 

Abstract: A nuclear resonance fluorescence experiment with one of the newly developed IhTghly 
efficient EUROBALL cluster detectors has been performed on the ?soft nucleus l?l%. Ma$netk 
&pole excitations were observed between 2 and 3.5 MeV excitation energy. They are interpretied 
as the main fragments of the scissors mode based on the measured exeitatian streagths arid 
branching ratios. A strong 7 decay, which we believe to be an  EI2 dec y uf tlrte scbsors irisde #D 

the 2: state, is observed. 1% allows an  extraction of the effective boson quadmpde charges h 
the interacting boson model. 



Can  Hexadecapole Deformation Lead t o  AI=2 Staggering in Superdeformed Bands? 
(Phys. Lett. B 387 (1996) 667) 

Dönau, F., S. Frauendorf, J. Meng 

Abstract: The possibility is investigated that a CqV -symmetric hexadecapole deformation causes 
the observed AI=2 staggering of rotational bands in even and odd-A nuclei. Calculating the 
energy as a function of intrinsic angular momentum components by means of the tilted cranking 
model, a rotor Hamiltonian with C4, -symmetry is derived, but the magnitude of the fourth 
order terms is found to be too small to generate a AI=2 staggering of the experimental size. 
Considering an odd-A system composed of a rotor and a high j-quasiparticle, the AI=2 stagger- 
ing emerges only when the rotor core contains a Cd,-symmetric fourth order angular momentum 
term. 

Shell-Model Study of Shears Bands in Light Pb Nuclei 
(Nucl. Phys. A 601 (1996) 41) 

Frauendorf, S., J. Reif, G. Winter 

Abstract: Spherical shell-model calculations have been performed in the configuration space 
(s1/2 h912 i1312) and (pl/2 P312 f512 iI3/2) for protons and neutrons, respectively, in order to inter- 
pret the sequences of strong dipole transitions found in neutron-deficient Pb isotopes. Regular 
dipole bands are found if several high-j protons and high-j neutron holes are interacting with 
neutrons in the low-spin (fp) orbitals. The calculated B(M1) values are in the order of several 
,u& for the AJ=l  transitions, and the crossover E2 transitions are very weak. The mechanism 
generating the dipole bands is found to be the same as in the tilted axis cranking mean-field 
description. 

Interpretation a n d  Quality of t h e  Tilted Axis Cranking Approximation 
(Z, Phys. A 356 (1996) 263) 

Frauendorf, S., J. Meng 

Abstract: Comparing with the exact solutions of the model system of one and two particles 
coupled to an axial rotor, the quality of the semi classical tilted axis cranking approximation 
is investigated. Extensive comparisons of the energies and MI and E2 transition probabilities 
are carried out for the lowest bands. Very good agreement is found, except near band crossings. 
Vaious recipes to take into account finite K within the fkame of the usual principal axis crank- 
ing are included into the comparison. A set of rules is suggested that permits to construct the 
excited bands from the cranking configurations, avoiding spurious states. 

General Axial Shapes of Sodium Clusters 
(Ann. Physik 5 (1996) 34) 

Frauendorf, S., V.V. Pashkevich 

Abstract: The shell correction method is applied to calculate the shapes and binding energies of 
Na clusters. The axial equilibrimn shapes are calculated by minimizing five deformation pwam- 



eters simultaneously. Strong deviations from spheroidal shapes including reflection asymmetric 
ones are found. The infiuence of cluster deformation on the separation energies and ioniza- 
tion Potentials and on the splitting of the photo - resonance are compared with the available 
experimental data. The N-dependence of the cluster shape and its relation to the N- and 2- 
dependences of the nuclear shape is discussed. 

Shapes a n d  Free Energies of Molten Sodium Clusters 
(Surface Review and Letters 3 (1996) 241) 

Frauendorf, S., V.V. Pashkevich 

Abstract: The shell-correction method is formulated to calculate the shapes and free energies of 
hot alkali clusters. The equilibrium shapes of Na clusters with mass 100-700 are calculated by 
minimizing simultaneously with respect to two deformation parameters. For T = 700" K strong 
deviations from spheroidal shape including reflection asymmetric shapes are found to survive 
in the center of the Open shells. The second derivative of calculated free energy correlates with 
the derivative of the experimental cluster abundances, showing prominent spikes related to the 
change between spherical and deformed shape. 

Magnetic Properties of Sodium Clusters 
(Surface Review and Letters 3 (1996) 25) 

Frauendorf, S., V.V. Pashkevich, S.M. Reimann 

Abstract: Axial and triaxial shapes of Na clusters are determined by means of the shell-correction 
method. The orbital paramagnetism and the diamagnetism of srnall Na clusters are calculated. 
Odd axial clusters may have substantial orbital paramagnetic moments, which are quenched for 
triaxial shapes. Even clusters show diamagnetism, which is maximal for spherical and attenu- 
ated for deformed shape. 

A New Type  of Band Crossing at Large Deformation 
(Phys. Lett. B 374 (1996) 277) 

Harder, A., F. Dönau, K.P. Lieb, R.A. Cunningham: W. Gelletly, C,J. Groß, F. Mannachi, MX. 
Kabadiyski, H.A. Roth, D. Rudolph, J. Simpson, Ö. Skeppstedt, B.J. War1ey3 D,D, ?tTafner 

Abstract: A detailed study of the positive parity yrast and yrare rotrttional band5 in " ~ b  i~ 
presented. Using the reaction 40Ca (40Ca, 3p) and the EUROG,?Af I spectr~meter~ ~ y y  ieoh 
cidences enabled us to follow both bands over a large spin range and %o memme rnaaY 33 
strengths. The moments of inertia and transition quadrupole rnoments indicate that a mixe 
deformed band (E:! N 0.38) is crossed by a less deformed one 9.z2 rs 0.291- Sinm %be yrwe 'band 
starts at the extremely low spin value of 1=9/2, the contentional baneZ crssslag rng.~:haus~n ~f 
two aligning high-j guasiparticles is excfuded, The fiequenq-dependent eq'thilibrium sf'1.li,p3 
calculated with Nilsson-Strutinsky type calcda'tions ming rt diabat;ir: tracing ztf ~on6guirat5sm 
near the neutron Fermi level. This is the first obsemtion of such a band erossiag. 



Collective Structures  and  Smooth Band  Termination in  lo9sn 
(Z. Phys. A 356 (1996) 235) 

Käubler, L., H. Schnare, D.B. Fossan, A.V.Afanasjev, W. Andrejtscheff, R.G. Allat, J. de Graaf, 
H. Grawe, I.M. Hibbert, I.Y. Lee, A.O. h/Iacchiavelli, N. O'Brien, K.-H. Mayer, E.S. Paul, H. 
Prade, I. Ragnarsson, J. Reif, R. Schubart, R. Schwengner, I. Thorslund, P. Vaska, R. Wadswoth, 
G. Winter 

Abstract: Six rotational bands up to energies E,=24.7 MeV and spins JT=(79/2-) have been 
identified in logSn using the GAMMASPHERE y-detector array. Four of the bands show 
smoothly decreasing dynamic moments of inertia at rotational frequencies fiw > 0.6 MeV. The 
bands arise at  medium spins from a coupling of a valence dSl2, &/2 or hlIl2 neutron to the 
deformed 2p2h proton excitation of the Z=50 core lo8Sn. At very high fiw these bands show 
the typical behaviour of smoothly terminating bands, i.e. a gradual alignment of the angular 
momenta of the valence particles and holes corresponding to a transition from high collectivity 
to noncollective states. 

Particle-Number Projecting Method for Description of Pairing Effects i n  Meta1 
Clusters 
(I1 Nuovo Cimento D 18 (1996) 645) 

Kuzmenko, N.K., V.O. Nesterenko, S. Frauendorf, V.V. Pashkevich 

Abstract: Particle-number projecting method for the description of pairing effects in meta1 clus- 
ters is proposed. In contrast with the Bardeen-Cooper-Schrieffer method (BCS) which does not 
conserve the particle number (thus not providing the necessary accuracy of calculations for small 
clusters) and has no solutions at  sufficiently weak pairing, the projecting method can be ap- 
plied to both small and large clusters with any pairing strength. As an example, the projection 
method is used to check the assertion on the pairing origin of the odd-even staggering (OES) in  
the ionization potentials (IP) of sodium clusters. Both effects of pairing and shape deformation 
are taken into account simultaneously. In  general, the results obtained show that the existente 
of pairing in sodxum clusters is doubtful. 

Lifetimes of Shears Bands  in lg9pb 
(Nucl- Phys. A 595 (1995) 499) 

Neffgen, M., G. Baldsiefen, S. Frauendorf, B. Grawe, J. Heese, H. Hiibel: H. Kluge, A. Ko- 
richi, W. Korten, K.H. Maier, D. Mehta, J. Meng, N. Nenoff, M. Piiparinen, M. Schönhofer, R. 
Schubart, U.J. van Severen, N. Singh, G. Sletten, B.V. Tbirumala Rao, P. Willsau 

Abstract: Lifetimes of states within the two strengest shears bands in Iggpb have been measured 
using Doppler-shift techniques. The deduced B(M1) values confirm the proposed proton-particle 
neutron-hole structure of these bands. They show a decrease with increasing spin as expected 
within the tilted-axis cranking modei. The B(E2) values confirm the low quadrupole collectivity 
and smajl deformation predicted by the calculations. The results give further support of the 
interpretation of the dipole bands in  terms of the shears mechanism. 



Decay Rates  of Resonance States at High Level Density 
(Phys. Rev. E 54 (1996) 3339) 

Persson, E., T.  Gorin, I. Rotter 

Abstract: The time-dependent Schrödinger equation of an Open quantum-mechanical System is 
solved by using the stationary biorthogonal eigenfunctions of the non-Hermitian time-independent 
Hamilton operator. We calculate the decay rates at low and high level densities in two different 
formalism. The rates are generally time dependent and oscillate around an average value due 
to the nonorthogonality of the wave functions. The decay law is studied disregarding the oscil- 
lations. In the one-channel case, it is proportional to t-b with b N 312 in all cases considered, 
including the critical region of overlapping where the nonorthogonality of the wave functions is 
large. Starting from the shell model, we get b PS 2 for two and four Open decay channels and 
all coupling strengths to the continuum. When the closed system is described by a random 
matrix, b N 1 + K/2 for K = 2 and 4 channels. This law hol& in a lirnited time interval. The 
distribution of the widths is different in the two models when more than one channel is Open. 
This leads to the different exponents b in the power law. Our calculations are performed with 
190 and 130 states, respectively, most of them in the critical region. The theoretical results 
should be proven experimentally by measuring the time behavior of deexcitation of a realistic 
quantum system. 

Resonance Phenomena Near  Threshold 
(Phys. Rev. C 53 (1996) 3002) 

Persson, E., M. Müller, I. Rotter 

Abstract: The trapping effect is investigated close to the elastic threshold. The nucleus 5s de- 
scribed as an Open quantum mechanical many-body system embedded in the continuum of decay 
channels. An ensemble of compound nucleus states with states below and above threshold is 
investigated in an energy-dependent formalism. It is shoivn that the states below threshold can 
trap the resonance ones and also that they can directly influence the scattering cross seiidtion. 

T h e  y-Decay of Particle-Hole states in  %08pb Using t he  Euroball Cluster Dehxctm 
(Nucl. Phys. A 597 (1996) 408) 

Radermacher, E., M. Wilhelm, S. Albers> J. Eberth, N. Nicolay, H.G. Thomas, H, Tieskq P. 
von Brentano, R. Schwengner, S. Skoda, G. Winter, K.H. Maier 

Abstract: Neutron particle-hole states in the doubly magic nucleus were invatigatsd aising 
a Euroball Cluster detector and five usual HPGe detectors ät the Osiris cube sper;tsameter u1 
Cologne. 126 y-ray transistions witb energies up 50 7.2 MeV csdd be detected, 14 iiaf thost; f ~ r :  
the Erst time. The states zvere excited with the %O8Pb (pfp'T)20%3Pb reac;i;isn via is~bmtf: andogae 
resonances in 2 0 9 ~ i  at E = 16.5, 17, 17.45, 17.5 and 18.5 LleV arid thongh the sub~~~'i0313b 
'''Pb (d,m)208~b reaction at Ed = 10 MeV. For most of the excited stakes = i m e n t 8  fix &@ 

particle and / or the hole component of the configuration waId be madet 22 



Potential-Energy Surfaces of Sodium Clusters with Quadrupole, Hexadecapole, and 
Triaxial Deformations 
(Surface Review and Letters 3 (1996) 25) 

Reimann, S.M., S. Frauendorf 

Abstract: Combining a modified Nilsson-Clemenger model with the shell-corrrection method, 
the potential-energy surfaces of sodium clusters with sizes of up to N = 200 atoms are calcu- 
lated, including nonaxial deformations. For spherical clusters, the model potential is fitted to 
the single-particle spectra obtained fiom microscopically self-consistent Kohn-Sham calculations 
using the jellium model and the local-density approximation. Ernploying the Strutinsky shell- 
correction method, the surface energy of the jellium model is renormalized to its experimental 
value. The ground-state shapes are determined by simultaneous minimization of the deforma- 
tion energies for quadrupole, hexadecapole, and triaxial cluster deformations. 

Smooth Termination of Intruder Bands in Sb 
(Phys. Rev. C 54 (1996) 1598 

Schnare, H., D.R. LaFosse, D.B. Fossan, J.R. Hughes, P. Vaska, K. Hauschild, I.M. Hibbert, R. 
Wadswoth, V.P. Janzen, D.C. Radford, S.M. Mullins, C.W. Beausang, E.S. Paul, J. DeGraaf, 
1.-Y. Lee, A.O. Macchiavelli, A.V. Afanasjev, I. Ragnarsson 

Abstract: Intruder rotational bands have been investigated to high frequency in l21Sb. Five de- 
coupled (AI=2) bands extending to rotational frequencies above 1.4 MeV/h have been observed. 
At the highest frequencies, the ,7(2) dynamic moments of inertia for four of these bands are seen 
to decrease steadily to unexpectedly low values. J ( ~ )  - 10 h 2 ~ e v - l .  These four bands, which 
are interpreted as being based on deformed 2p-2h proton excitations across the 2=50 closed- 
shell gap, achieve the so-called "smooth band termination" following alignment of the valence 
nucleons outside of loOSn. In addition, two strongly coupled (AI=l) bands have been observed, 
which are related to lp-lh proton excitations across the gap. 

Band Structure of the odd-even 125~a,  Nuclei 
(Phys. Rev, C 53 (1996) 137) 

Starosta, K., Ch. Droste, T. Morek, J. Srebrny, D.B. Fossan, D.R. LaFosse, H. Schnare, I. 
Thorslund, P. Vaska, M.P. Waring, W. Satula and S.G. Rohoziski, R. Wyss, I.M. Hibbert, R. 
Wadsworth, K. Hauschild, C.W. Beausang, S.A- Forbes, P.J. Nolan, E.S. Paul 

Abstract: Excited states of the 125~a  and 12?La nuclei were populated following (160,p2n) 
arid l12cd (19~,4n) fusion-evaporation reactions, respectively, and investigated using methods 
of b -bem y a y  spectroscopy. Five collective bands in 125~a, and eleven collective bands in 

were observed. The spin aad/or parity assignments of excited states in these nuclei were 
based on anplax-correlation and Iinear-polarization measurements. She experimental data are 
discussed arid compared to the results of self-consistent total-Routhian-surface calculations in- 
cluding quädrupole pairing. 



Intruder  Bands in '14~e:  Smooth Band Termination 
(Phys. Rev. C 52 (1995) R2839) 

Thorslund, I., D.B.Fossan, D.R. LaFosse, H. Schnare, K. Hauschild, I.M. Hibbert, S.M. Mullins, 
ES.  Paul, I. Ragnarsson, J.hl. Sears, P. Vaska, R. Wadsworth 

Abstract: The nucleus ' l 4 ~ e  has been studied in heavy-ion y-ray spectroscopy experiments 
performed with the early implementaton of the GAMMASPHERE multidetector array. Three 
rotational intruder bands have been observed up to high spins. The yrast band, involving the 
4p2h (h,1/2)2(g7/2)2(g9/2)-2 proton cor&guration: reaches I = 48h at an excitation energy of 
30.3 MeV, the highest observed spin connected by y rays in this mass region. The band prop- 
erties are interpreted in the framework of smooth band termination. 

Smooth Band Termination in  losSn 
(Phys. Rev. C 53 (1996) 2763) 

Wadsworth, R., C.W.Beausang, M. Cromaz, J. DeGraaf, T.E. Drake, D.B. Fossan, S. Flibotte, 
A. Galindo-Uribarri, K. Hauschild, I.M. Hibbert, G. Hackman, J.R. Hughes, V.P. Janzen, D.R. 
LaFosse, S.M. Mullins, E.S. Paul, D.C. Radford, H. Schnare, P. Vaska, D. Ward, J.N, Wilson, 
I. Ragnarsson 

Abstract: Three rotational bands in losSn have been investigated to high frequency via the 
j 4 ~ e  (58~i,4p) reaction at 243 MeV. One of these bands is observed to undergo a band Cross- 
ing at high spin. All three bands show a large decrease in their dynamic moments of inertia, 
to approximately one third of the rigid body value, as the rotational frequency appmackes 1 
MeV/fi.The structures of these bands are thought to be based on 2p-21i proton excitationc across 
the Z=50 shell gap and their properties can be interpreted in terms of cranked Nilsson-Strutinsky 
calculations. Such calculations predict smooth band terminations for all three structures and tt 
gradual shape change from collective prolate, at low spin, to noncollective oblate at high spin, 



Biomedical Research 

Research on applications of nuclear physics methods to other fidds, especially to biology 

and medicine, has some tradition in Rossendorf The most prominent example for this 

may be the introduction ofpositron emission tomography (PET), which can be consid- 

ered as a continuous process starting in  the 80th with a common effort ofradiochemists, 

accelerator and nuclear physicists to establish PET at Rossendorf and finally cumulating 

in the recent installation of a PET-centre for medical diagnostics and research in the In- 

stitute of  Bioanorganic and Radiopharmaceutical Chemistry of  the FZR. 

Another result of  this developrnent is presented in this Annual Report: In January 1996 

a Positron Emission Tomograph has been installed at the treatment site for heavy ion 

tumour therapy at the Gesellschaft für Schwerionenforschung in Darmstadt (cf W. Eng- 

hardt et al.). It is part of  a novel cancer treatment facility that will utilize beams o f  ions, 

preferably l2 C, to irradiate precisely deep-seated, compact and radioresistant tumours in 

the vicinity of Organs at risk. The results of preclinical tests of the tomograph indicate 

that PET may become a valuable tod for quality assurance in heavy-ion cancer therapy 

(cf. R. Hinz et al.). For this purpose the P'-activity distributions which are created 

within the target volume by nuclear fragmentation as a by-product of  any therapeutic 

irradiation with heavy ions and which are measured with the PET-scanner have to  be 

compared with the predictions deduced from the treatment plan (cf B.G. Hasch et al.). 

h contradiction to  PET-scanners used in nuclear medicine the present tomograph is a 

limited angle device due to geometricc constraints at the treatment site caused by the 

beam delivery and the patient positioning. Sherefore, the filtered backprojection as the 

method of choice for reconstructing the source distributions fiom tomographic data cannot 

be applied and iterative algorithms have to be adapted to the special Scanner geomecry 

(cf. K. Lauckner et al.). 

There is serious hope that the treatment facility at GSI ~vTfl start its clinical operation 

in 1997. Then the potential and the benefit o f  the PET-technique for heavy ion therilpy 

monitoring have to protre to be a success under realistic c h k d  conditiom. 

In parallel to this special PET applicatim J. PawelEre et af ,  investigated PET-detector~ 

of  high spatial resolution. Such detectors are of considerable interest for -ths design of  

dedicated PES-scanners for biomedical and pharmacolo@cal research with s m d  a ~ ~ n a l s -  



The Positron Emission Tomograph for Treatment Monitoring at the Heavy 
Ion Therapy Facility at GSI DarmstadtB 

W. ENGHARDT~, B.G. HASCH, R. HINZ, K. LAUCKNER, J .  PAWELKE, M. SOBIELLA 

The positron emission tomograph was completely transferred to GSI in Jan. 1996. The double- 
head positron camera was mounted at the medical beam line (F&. I), whereas the real-time 
data acquisition system and the workstation for controlling the whole system were installed in 
the therapy control room. Furthermore, the Monte Carlo code [1,2] for simulating the PET- 
imaging process on the basis of the treatment planning data (X-ray computed tomogams of 
the target volume, beam delivery control data set) became available in a f i s t  version. This 
Progress allowed a series of in-beam PET-studies to be carried out, where different targets 
(lucite, tissue equivalent materials, ALDERSON head phantom) have been irradiated with 12C- 

beams at therapeutically relevant energies (E = 90 - 350AMeV). These experiments [3] were 
aimed at (i) system performance tests, (ii) investigations on the potential of the PET-imaging 
for quality assurance of heavy ion therapy [4], (iii) gathering realistic data as a base for the 
further refinement of the calculation of P+-emitter distributions from the treatment planning 
[1,2], the adaption of tomographic reconstruction algorithms [5] and for development of software 
tools for clinical applications. 
The results in Summary seem to indicate that 

PET-imaging of the spatial distributions of 
ß+-radioactive nuclei produced as a byprod- 
uct of tumour irradiations with heavy ions 
should have a considerable value for quality 
assurance for this kind of therapy, especially 
with respect to a pre-therapeutic treatment 
plan verification, the retrospective dose local- 
ization for each therapy fraction and the check 
of patient positioning. 

Fig. 1 The double-head positron camera a t  
the heavy ion tumour therapy facility at the 
GSI Darmstadt. The position sensitive BGO 
detectors are mounted below and above the 
patient couch. The horizontal beam enters 
the treatment site from tbe left and passes 
several detectors for beam diagnosis before 
hitting the patient. (Photo: A. Zschau, GSI) 
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PET Imaging Modes for Quality Assurance of Tumour Treatment with 
Heavy Ion Beams B 

The PET scanner at the medical treatment place of GSI Darmstadt came into operation in 
January 1996 [I]. During the recent year a series of experiments has been carried out for 
investigating the capabilities of this novel therapy monitoring system that are essential for the 
clinical application. In the following results from two of these experiments are presented. 
Fig. 1 shows the ß+-emitter distribution produced by irradiation of a spherical target volume 
of 4 cm diameter seated at a mean depth of 8 cm in a PMMA phantom with a dose of 3 
Gy. These are typical parameters for a clinical radiotherapeutical application. The intensity 
controlled raster scanner delivered the dose contour by means of a pencil-like 12c6+ beam of 
energies from 292.5 to 243 AMeV in steps of 1.5 AMeV which was deflected horizontally and 
vertically by magnetic fields. The comparision of this measured distribution with the ß+-emitter 
distribution obtained from the computer simulation [2] leads to in-situ dose localisation. This 
way the correspondence between the irradiation and the treatment plan can be verified after 

each therapy fraction. 
In Fig. 2 another mode of PET imaging for treatment plan verification is demonstrated. This ex- 
periment has been aimed at determining the minimum dose necessary for generating ß+-emitters 
sficient for deducing the range of the primary projectiles and the Bragg Peak, respectively. 
One pulse of approx. 300,000 carbon ions with an energy of 160.5 AMeV was shot into the 
phantom which corresponds with a Bragg Peak dose of 174 mGy. This is less than a tenth of 
a commonly applied dose fraction. The PET profile obtained from a 20 minutes decay scan 
shows the maximum shortly before the dose peak. This in-situ measurement of the range of 
monoenergetic ions at a prominent position before starting the therapeutic irradiation will be 
applied particularly to treatments very close to Organs of risk e.g. brain or spinal cord. It gives 
a verification of treatment plan to the therapist before the treatment is started. 

Fig. 1 Back projection midplane of the ,Bt- Fig- 2 Depth profiles ofß+-activity (solid) and 
emitter distzibution. Above: experiment, be- dose (dotted) fiom a low dose monoenergetic 
low: simulatioi~. pulse of 12c ions. 
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The Simulation of the Positron Emitter Production by 12C Irradiation of 
Extented lnhomogeneous Target VolumesB 

B.G. HASCH, W. ENGHARDT~ AND J. WETZEL~ 

The control of dose localization at heavy ion tumour therapy by means of positron emission 
tomography requires the comparison between the measurement and a model calculation of the 
distribution of positron emitting fragments. In [I] we have shown that our Monte Carlo model 
calculations are in very good agreement with measurements for the special case of hoimogeneous 
targets and the irradiation with a non-deflected, pencil-like, monoenergetic beam. Naturally, 
the target volume which will be irradiated in heavy ion tumour therapy is inhomogeneous and 
because of its extension a set of beam energies has to be used. The model calculation for this 
more general case is founded on a database of the spatial distribution of the positron emitting 
fragments for each initial beam energy used in the therapy. These data are calculated for a 
plastic phantom (PMMA) assuming an irradiation with a non-deflected peneil-like bearn of 
gaussian shaped profile (1 cm FWHM). According to the raster scan control data and the water 
equivalent path length in the phantom, which are derived from X-ray computed tomograms, 
a subset of these precalculated distributions is superimposed. The control data of the raster 
scanner resulting from the treatment planning define the number of particles and the initial 
energy for each irradiated point of the target. In a last step the ßs-decay of the fragments, 
the annihilation of the positrons, the interaction of the annihilation quanta with the phantom 
and their detection is simulated. The time regime of irradiation and measurement is taken into 
account . 
An experiment was carried out applying the PET scanner {2] at the treatment phce of GSI 
Darmstadt to test and improve the agreement between these calculations und measurement for 
an inhomogeneous phantom. The Fig. 1 shows the measured m d  simulated back projection 
of the annihilation points for a homogeneously irradiated plane of about 28x40 cm2 tilted in 
respect to the beam line. The inhomogenous phantom was made up of different tissue or water 
equivalent plastic slabs. The relative yield of Pi-emitting target fragments is for the shr>wn 
result of the calculation only determined from a path length equivalent weighting factor derived 
from the computed tomograms. 
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Iterative Reconstruction Algorithms For Limited Angle PET B 

At GSI Darmstadt the excellent physical and biological properties of heavy ions will be used 
to perform a precision radiation therapy that restricts the therapeutical effect only to the local 
tumour while saving surrounding healthy tissue substantially. With the feasibility of applications 
to local tomours nearby Organs at risk an in-situ verification of the treatment plan is highly 
desired. A double-head positron camera has been installed in order to measure ß+-distributions 
produced during interactions of the therapy beam in tissue by kagmentation reactions. 
Due to the limited angle tomography and the poor counting statistics encountered in this special 
PET application the reconstruction problem is notoriously ill-conditioned. We have adapted the 
image space reconstruction algorithm (ISRA) [I] and maximum likelihood algorithm (MLE) [2] 
and investigated the robustness of this stochastic reconstruction methods against incomplete 
data. The following modifications have been done: Modelling of the complicated shape of 
all line of response functions (LSF) arising from the nonlinear sampling of the camera due to 
the spherical geometry of the detector heads as well as modelling the shift variant point spread 
function (PSF), caused by the limited angle geometry and correction of parallaxe errors, because 
of the 3D aquisition mode. 
A typical ß+-distribution was reconstructed both with ISRA in 40 iteration steps and MLE in 
20 iteration steps. Because of their specific implementation, ISRA uses voxel driven and MLE 
projection driven methods, significant differences are shown in Fig. 1. Necessarily a crystal 
identification has to be performed when using a projection driven method. This results in a 
more precise modelling of detector granularity. Thus the images produced with MLE depict 
essential less artefacts. Further investigations are now concentrated to perform the attenuation 
correction. 

Fig. 1 Reconstruction of a homogeneous spherical dose distribution (3 Gy) with ISRA (upper 
jimages) and M I E  (Iower images). A I2C io~l beam has been stopped in a PMMA-phantom. 
About 2.3 MiII coinicidences were rneasured in 24 min. The Ieft side depicts the xy-slices whi& 
are par&eIt the r@t side the xz-sfices, which are perpendicular to the detector surfaces. 



Comparison of YAP and BGO for High Resolution PET DetectorsB 

J. PAWELKE, M. KAPUSTA~ AND M. MOSZYNSKI~ 

In [I] we report on a PET detector which consists of a scintillator matrix of 18x 18 BGO crystals 
(3 ~ 3 x 2 0  mm3) coupled to a position sensitive PMT. An improvement of the detector properties 
(especially spatial and timing resolution) is required to study for example the biodistribution 
or Organ function in small animals as mices and rats and expected by replacing BGO with the 
recently proposed new inorganic scintillator YAP [2]. We investigated this by directly comparing 
the scintillator properties of 3 x 3 ~ 2 0  mm3 commercially available crystals of YAP (Preciosa 
Corp., Turnov, Czech Republic) with those of BGO. For this, the light yield, energy resolution, 
detection efficiency and timing properties have been measured for 511 keV y-rays of a 2 2 ~ a  
source following the methods described in 131, whereby one of the 3x3 mm2 crystal plane was 
coupled with a XP2020Q PMT. The results show an about 600 % greater light yield for YAP 
and good energy and time resolution (table 1). Note, that replacing the rather expensive optical 
reflector paint provided by the manufacturer with white teflon tape increases the number of 
photoelectrons given in table 1 by about a factor of two for both scintillators. However, due to 
the lower photo peak fraction the expected advantages of a YAP based PET detector over BGO 
associated with the higher light yield are not fully useable. This is confirmed by a comparison 
of the intrinsic spatial response obtained with a 2 2 ~ a  flat source for a YAP and BGO matrix 
based detector, respectively ((Fig. 1). Mainly an improved crystal identifiation at the edge of 
the sensitive detector area is given for YAP. Additionally the properties of the position sensitive 
PMT as well as the signal forming scheme of the detector (energy and time signals were obtained 
from the anode sipals) limits the detector performance (cf. table 1 and 2). 

l 4  1 mean FWHM = 2.27 i 0.17 
0 12 

rneon FWHM = 1.73 5 0.07 

Table 1 Main crystal parameters 
1 11 BGO I YAP 1 
I I I  I J 

[ Photoelectron yield 11 

Detection efficiencya 1 1 I 
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Fig. 1 Intrinsic spatial respanse of ehe 
BGO and YAP based detector. 
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Technical and Methodic 
Development s 

The lack o f  an in-house experimental facility compels the Rossendorf nuclear physicists 

to join collaborations, to  build up detector components and integate them into exper- 

imental setups at remote accelerators as well as to evaluate data measured there. This 

section o f  the -4nnual Report comprises such activities and has, therefore, a heterogeneous 

structure. 

The paper of  Dshemuchadse et al. reports on the effort for completing the time-of-flight 

spectrometer TOF at COSY Jülich with the barre1 hodoscope for identifying the reaction 

products of p+p collisions at energies larger than 1 GeV and for determing their trajecto- 

ries. A technical solution for equipping one section of about 3 m length and 3 m diameter 

of  the TOF-vessel with 96 plastic scintillator barrels has been elaborated. She detector 

could be assembled to a large extent (see the Cover picture). Without any dou bt, this de- 

tector is the largest one that has been ever built in Rossendorf so far and was, apart from 

the technical and physical problems, a logistic challenge to the staff involved. Methodic 

preparations of experiments with this device have been carried out by R. Geyer et al. 

studying the influence of  target contaminations to COSY-SOF experimental results. 

The Rossendorf contributions to the magneticparticle spectrometer ANISE at COSY com- 

prise the complete development of  the start and stop multi-wire chambers (h4WC) and 

extensive technical support for the installation of the particle telescopes (cf C. Schneider 

et al. and T. Grande et al., respectively). The two start MWC with a sensitive area 

of  130 X 35 cm2 have been completely built up and tested in the detector laboratory of 

the institute, whereas the manufacturing of  the much larger stop MWC (196 X 60 cm2f 

has been initiated. For the particle telescope consisting of E, AE, veto and &renkov 

counters photo multiplier shieldings against magnetic fields and a LED-based monitor- 

ing system has been delivered. The capability of the 4x Si-detector array EuroSiB for 

light particle discrimination could be further improved by introducting a new ekctronia 

for signai processing (cf G. Pausch et al.). EuroSiB will be applied in nuclear structure 

studies with the EUROBALL 7-ray detectors for reaction cihamel selection by meam ~f 

the identification of light charged partides (protons and alphasJ -- 



Two reports o f  this section are devoted to refined off-line data analysis methods: 

For heavy ion collision data of 9 6 R ~  + 9 6 R ~  at a bombarding energy of  1.69 AGeV taken 

with the FOPI-detector system at GSI C. Plettner et al. show that the combination o f  

the data measured by the axial drift chambers and the scintillator barrels of FOPI results 

in  a clean separation o f  the week Kaon signal from the much stronger background of 

protons and pions. Andronenko et al. propose an off-line restoration of  Bragg ionization 

chamber pulses sampled with flash ADC- This procedure requiring considerable computer 

capacity is expected to  lead to an impressive improvement of the energy resolution for 

intermediate mass fragments produced via 1 GeV proton-nucleus collisions. Finally, F. M. 

Dittes presents a new method for the solution ofglobal optimization problems by using 

a simultaneous optimization of the energy or likelihood of the total system and of sub- 

systems of arbigrary size. 

A central role with respect to methodic developments is played by the detector Iaboratory 

and the elecizonic group of  the institute. This staff  mainly supported the experimentalists 

involved in collaborations at COSY (ANKE), GSI (heavy ion therapy) and EUROBALL. 

Furthermore, they took part in the installation of  the electron ,gzn test facility for ELBE. 

The detector laboratory has been extended by four new rooms of 85 m2 total area in- 

cluding a dedicated laboratory for radiation physics to  meet the requirements of  future 

experiments at E I L E  



Set-up of the One-Layer COSY-TOF Barrel Hodoscope 

S. DSHEMUCHADSE, P- MICHEL: K. MÖLLER~ A. SCHAMLOTT, A. SCH~LKE,  
H. ANGERMANN, K .-TH. BRINKMANN~, H. FREIES LEBEN^, B. HÜBNERI, E. KUHLMANN~, 

M. WÜRSCHIG-PÖRSEL' FOR THE COSY-TOF-COLLABORATION 

In the course of completing the COSY Time-of-Flight spectrometer TOF in 1995 intense work 
was performed to find a final solution for the construction of the COSY-TOF barrel hodoscopes 
resulting in the decision that one barrel section out of the three barrels planned for TOF should 
be built up on the basis of the one-layer barrel concept [I]. The year 1996 was devoted mainly 
to elaborate further technical details of the one-layer concept, to order the various components 
and to prepare the assembly of the barrel hodoscope. In the course of this work quite a lot of 
further improvements of the original concept was found leading to substantial simplifications of 
the assembly procedure. A sketch of the basic components of the barrel is shown in fig. 1. 

?I ring detenor P 

Fig. 1 Sketch of the cornponents of the one-layer barrel 

After delivery of the scintillator stsips and the light guides prior to assembling the whole barrel 
one barrel module was assembled and installed in the tank section. For comparison with pro- 
totype measurements [2] this module was tested with respect to time and position resolution 
(fig. 2). In prototype measurements NE IlOA-type scintillators were used whereas the actual 
barrel is equipped with BC 412-type scintillators, since NE llOA scintillators are no longer 
available. As illustrated in fig. 3 by now the set-up of the barrel hodoscope is nearly complete. 
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Fig. 2 Time and position resolution of barrel Fig. 3 Xbe one-1ayer barre1 section in 8he 
rnodules set-up phase 
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Investigation of the Target Contamination of the COSY-TOF-SpectrometerB 

R. GEYER', B. NAUMANN, L. NAUMANN AND THE COSY-TOF-COLLABORATION 

The contamination of the liquid hydrogen target [l] has been studied with data from proton- 
proton scattering at beam momentum 0.88 GeV/c. We analyzed missing mass (ILI,) spectra off 
two prong events for two different cuts in phase space (ß-cut: ß < 0.42; O-cut: O > 23.7') to  
eliminate all p n ~ f  and dar+ events. For both data sets the time dependence of (p,2p) events is in  
good agreement. For the ß-cut the Mx-spectra were normalized by the ppnO peak. To normalize 
the NI,-spectra by time duration of each run we assumed a constant beam intensity for the O-cut. 

Fig. 1 shows a comparision of the time dependent 
2 relative growth of (p,2p) events for data from the 

? 
Cd 

ß-cut and the growth of residual gas molecules on 

1.5 2 pm thick cold target foils at  vacuum pressure of 
E: 10-~ mbar [2]. There is a good agreement between 
1 

H ,  the data fit and our residual gas approximation. 
4 The influence of target foils and other materials is 
2 
P shown in the hatched area of fig.2. The two su- 

perimposed spectra are normalized by ppx0 event s. 
0 5 10 15 20 The upper line represents events from the run after 

time / h target heating without condensate contamination 
on the foils and the lower line shows the full tar- 

Fig. 1 Relative grorYth af (p,2p)-events in 
get Mx-spectrum after an empty target background 

dependence on the target exposition time. 
subtraction. The influence on the M,-spectrum of 
the time averaged condensate growth for nearly one 

da? is shown in fig. 3. The hatched area represents the difference between the summarized M,- 
spectrum without background subtraction and the Mx-spectrum of the run after target heating 
(no condensate on the foils). 
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-0.15 -0.1 -0.05 0 
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Fig. 2 Squared missing mass spectrum for Fig. 3 Squared missing mass spectrum for 
the pphypothesis; the hatched area shows the pp-hypothesis; the hatched area shows 
ehe i&uence of target foils and other con- the Xiuence of condensate on target foils. 
struc&ion 92ateriaIs. 

The target contamination by foik and condensate superimposed the bremsstrahlung events is 
expected itround Mx = 0. The background can be minimized by better vacuurn (p 5 10-~mbar), 
-Ehinner t age t  fo2s (d < Ipm] and a frequent elimination of the ice layers (fast heating). In 
our second rus on pp-br~&msstrahlung in October 1996 target foils of thickness d = 0.9 pm arid 
a fast heatirg dwice wew used, 



Particle Telescopes for ANKE B 

TH.  GRANDE^, R.  ESSER^, A. SCHNEID ER^, H. O H ~ ,  B. PRIETZSCHK AND B. RIMARZIG 

The particle telescopes at ANKE serve mainly for the identifica- 
tion of protons, pions and K-mesons. For low momenta they consist 
of stop, AE and veto counters. At higher momenta, in addition 
Cerenkov counters are included, See fig. 1. For the whole range of 
momenta degraders in front of the AE counters will be used in or- 
der to optimize the ratio of energy losses between pions and kaons. 
Additional degraders between the AE and the veto counters avoid 
that kaons, which are not completely stopped in the AE counters, 
enter into the veto counters. In total 15 telescopes will be used. 
The telescopes are individual modules which are assembled and 
tested separately and then mounted in their common frame. Scin- 
tillation counters consist of BC-408 with twisted light guides made 
out of Plexiglas GS-233. For the ~erenkov counters extended bars 
of UV-transmitting Plexiglas GS-218 are used which include the 
light guides. All joints between scintillators, light guides and pho- 
tomultiplier tubes are glued which is expected to guarantee stable 
longterm operation. For the scintillators and ~erenkov counters 
PM tubes Philips XP 2020 (2") and XP 2312 (3"), respectively, 
are used. The narrow geometry in the ANKE side detector de- 
mands that magnetic PM shields are used which are smaller than 
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Fig. 1 Telescope for the 
momentum range 
334-366 MeV/c. 

the commercial~ones. The corresponding components have been developed at FZR. In the in- 
stallation phase the frame is located in the COSY hall outside the ring so that access is possible 
independently of the operation of the accelerator. Light emitting diodes are mounted in the 
center of each paddle for monitoring the performance of the detectors and in order to be able to 
adjust the fast trigger. Ultrabrigth LEDs HP HLMA KH-00 are used. They have been pre-aged 
with a constant current over 100 hours. The temperature dependence of the LEDs has been 
measured. In addition to the LED system temperature moni- 
toring at various positions of the detector systern will be done „ 
with P t  precision resistors. Furthermore, the light output of W 

some LEDs will be monitored by coupling them directly with " 
-X0 

PIN-photodiodes which are known to have a very stable pulse- , 
height response. The LEDs are operated with fast pulse gener- 

on -W lM(1 3% 2m 
ators which have been developed at FZR [I]. The trigger pulse .md~nrlr 

is taken frorn a precision pulse generator which delivers two sig- Fig. 2 Pulse-height distribu- 
nals. The telescopes are being assembled one after another and tion of &he stop munter. 
tested with ß-particles from ''Sr and with cosmic rays using 
CFD discriminators and meantimers which have been developed fos use at ANKE [2]. The 
telescope which is designed for the momentum range 138-163 MeV/c has been completed and is 
ready for installation in the frame. It  consists of a stop, AE and veto counter 6 t h  the respectbe 
thickness of 3, 5 and 10 mm. The length of the paddles is 540 mm. Pulse height spectra have 
been recorded with cosmic rays and light from the LED, See fig. 2. A timing resolution 0f 566 PS 
FWHM has been achieved ~ ~ h i c h  fulfills the requirements for the r K  separation by timeuf-Sghi;. 
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Effects of Inclined Particle Tracks on the Operation Behaviour of a 
Multi-Wire CharnberB 

At the ANKE spectrometer the ejectile momenta will be measured by using the central dipole 
magnet D2. Since the deflection of a charged particel in a magnetic field depends on its mo- 
mentum this quantitiy can be determined from a position measurement of the track behind the 
magnet. At ANKE the tracks will be measured by two multi-wire chambers (MWC) on either 
deflection side of the magnet. In spite of an optimal positioning of the chambers they will be 
crossed by the particles up to an angle of 60'. For these inclined trajectories one can expect 
a different operation behaviour for a MWC compared to 0'. 
The main task for the chambers is to achieve a maximum momentum resolution. To fulfill this 
requirement the chambers have a designed position resolution of about a N 0.75 mm [I]. This 
resolution should also be achievable in the more complicated situation of inclined trajectories. 
Therefore an investigation of this problem was performed at the BIG KARL spectrometer at 
COSY Jülich. 
The situation expected from a pure geometrical consideration is shown in Fig. 1. Here a schema 
of one detection layer of anode wires between two cathodes is shown. The inclined tracks croissing 
the gas volume between the two cathodes can lead to the response of more than one wire, e.g. 
for the 50' trajectory there are six wires. So for every particle passing the chamber under larger 
angles one expects signals from a number of neighbouring wires labelled in the following as wire 
group. 

Figure 1: Schema of a layer of a multi wire 
charnber 

Figure 2: Probability for different event types 
for an angle of incidence of 50" 

The detiation from th& simple geometrical description are caused by the operation mechmism 
of ct W C .  The enera loss from a particle traversing a gas volume is characterized by a Landau 
distribution. Buk cleafly the amplitude hight in the proportional mode depends also on the 
nurnber of interaction pouits with the gas. Since the particles flight path through the chamber- 
gas volume is lotrger for inclined crossing the amount of primary and therefore total deposited 
&arge 5s targer colnpared to perpendicular tracks. On the other hand, the total charge is shared 
betmeen more wires md, thus, ehe mean signaf from one wire is smaller. Furthermore it is 
necessq $0 cuasider the deyelopment of the signah- In any case the negative signal on one wire 
induces a positive sFgna1 an the neighbouring wires. If more than one wire responds we have a 
compEcated situation of rnutud Suenees af the signals in amplitude and time development . For 



a specific chamber geometry and gas it is therefore necessary to investigate the signal patterns 
which result from this dynamical process. 
How the pattern will look like for an angle of 50°, a specific voltage and amplifier threshold cani 
be deduced from Fig. 2. Here the number of detected wire groups for a single particle event 
is plotted against the gap in units of wires between these wire groups. The z axis gives the 
probability. There are the expected events with one-wire group but with the Same probability 
there are events with two-wire groups separated by a gap of one wire. Furthermore there are 
events with a gap of two or three wires as well as three-wire groups each separated by a gap of 
one wire. In spite of a detection efficiency of 100% some of the signal amplitudes in between the 
expected one-wire goup  are lower than the threshold and split up these events in more than 
one-wire group. 
If one compares the resolution of these split events with the resolution of the primary one-wire 
group events one achieves a better resolution for the restored split events. This can be explained 
as follows: The measured position of a particle track is determined from the center of gravity of 
the wire group. Therefore the resolution is very sensitive to correct identification of the boundary 
wires of the wire group because, if one of these wires is lost, the resolution is wrong by half a 
wire distance. The dynamical signal development leads to two main types of patterns. One 
are primary one-wire groups with high signal amplitudes in the middle and lower amplitudes at  
the boundary wires. That" why it is very likely that the signals from the boundary wires are 
below threshold and result in a worse position measurement. The other type of patter has low 
amplitudes in the middle which leads to split wire groups,but high amplitudes on the boundary 
wires. Here the width of the wire group and 
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therefore the position of the particle track is E 
very well defined. 
From the above considerations one can expect b 

that these effects depend strongly on the ampli- 
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About the Capability af the FOPI-Detector to Extract K+-Mesons Produced 
in Heavy-Ion ColIisions of 9 6 R ~  + 9 6 R ~  at 1.69 AGeVB~G 

C. PLETTNER, R. KOTTE, W. NEUBERT, D. WOHLFARTH, 
AND THE FOPI COLLABORATION 

In September of 1996 tlie reaction 1.69 AeGeV 9 6 R ~  + 9 6 ~ ~  has been measured by the FOPI 
collaboration with the 4~-deitector system [I] at the SIS accelerator at GSI. This system consists 
of two axial symmetric drift chambers (CDC, Helitron), wliich are placed inside of a supercon- 
ducting solenoid (0.6T), andl several time-of-flight 
scintillation detectors (Barrel, outer and inner Plas- 
tic Wall). Charged particles emitted between 
Olab = 35O and 135" are measured with the 
CDC/Barrel, and those ernitted between 8" and 27" 
are measured with the outer Plastic Wall/Helitron 
combination. The velocity information of the Bar- 
rel surrounding the CDC is used to improveparticle 
identifkation of the CDC. With only the CDC in- 
formation kaons could not be separated from the 
background of protons and .rr mesons. 
The Barrel detector does not Cover the CDC com- 
pletely> thus for kaon analyses the angular accep- 
tance is limited to Olab = 40" - 135' (see Fig.1). 
Results of investigations [2] of Kf -production rates 
of the system 5 8 ~ i  + 58Ni at 1060, 1450 and 1930 

, , , , , , 'W'''' -1 "" " " 4  0 " " '  1 "" 2 
Fig. 1 Uncorrected count rate in a log. 
scaied pc/Mass vs. Y0 representation. 

A.MeV, which rely solely on CDC/Barrel 
data, will be published soon ([3]). Now 
with the Helitron running the region around 
midrapidity (Y O (&) = 0, cp. Fig.1) 
is accessible. Thus we expect that in the - 

near future we can present first results of the 
g 6 ~ ~ + 9 6 ~ ~  data comprising a major part of 
the phase space populated in this reaction. 
Up to date kaon separation of CDC/Barrel 
data has been performed. Fig.2 shows a mass 
plot where a surplus yield is indicated around 
the kaon mass of 494 MeV/c2. The mass 
called &fasscDc is determined from the de- 
pendence of the mean energy loss of a parti- 
cle on its laboratory momentum p. The ve- 
bci& information of the CDCjBarrel match- 
ing provides the so called Barrel mass m = 
$ V l a ~ s ~ „ ~  via the relation p = mc-yß. Duc 
80 the decreasing mass resolution with in- 
creashg momentum the laboratory momen- 
turn p is limited here to p < 500 MeV/c. 



Acceptance Tests of the Frontend Electronics and Detectors for EuroSiB 

G. PAUSCH, M. M O S Z Y ~ K I ~ ,  D. WOLSKI~, W. B o r n 2 ,  H. GRAWE~, H. PRADE, 
G. RÖSCHERT~, AND R. SCHUBART~ 

EuroSiB - a compact 4~ Si-array for charged-particle detection - wili be operational in 1997 [I]. 
The eEorts to opt-ze electronics and detectors f& best possible particle discrimination with 
the pulse-shape (PSD) method [2] have been continued. 
A substantial improvement could be achieved with a modijied electronics, considering the expe- 
rience from previous tests [I]. A new preampaer developed at Swierk is characterized by a n  
internal rise time of 20 ns and a bad  resistor of only 2 MR, which increases the particle sepa- 
ration and eliminates the sensitivity to the load- and temperature-dependent detector current 
131. An additional bipolar output of the compact PSD electronics solved the problem of baseline . 
restoration in case of high rates and strong background [I]. The new electronics was tested at 
ISL Berlin, using a 2-5 pnA beam of 150 MeV 36Ar ions and 2 mg/cm2 Ni targets for particle 
production. EuroSiB detectors from serial production were mounted at all angles and distances 
which correspond to the EuroSiB geometry. Almost fidl p/a-discrimination was achieved at all 
angles (Fig. la),  in spite of the detector inhomogeneities which have been reported on [1,3]. We 
conclude that (Y counting down to a threshold of 2 MeV is possible with the existing detectors 
and electronics. Meanwhile, the serial production of the frontend electronics is almost finished. 
Measured detector maps indicate that the detector inhomogeneities result fi-om the floating-zone 
process of Si-crystal production (see [3] and Fig. lb). Therfore we intend to equip the critical 
backward hemisphere of EuroSiB with 300 pm detectors of neutron-transmutation doped Si. 
First detectors of this type have already been delivered and will be tested in spring '97. 
A first test of N 2 mm xlOO mm2 %(Li) detectors produced at Swierk, performed with the 
source technique described in [3], demonstrated their excellent capability for PSD. Eowever, the 
thickness of the rear contact (dead layer of N 5-10 pm) is still too large for applications where 
extremely low detection and discrimination thresholds are nf im~ortance. 

0 10 20 30 
Energy deposition IMeVl 

Pig. 1 PSD plot of a EuroSiB detector Fig, 2 7$Re&tivity mapsn d g h e e  Em~siB 
measured with the zzew electronics; detectors showing the stmc;tme of tbe inho- 

mogeneities [3]. 
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Status Report on Off-line Data Analysis for Fragment Identification usirug 
Bragg Ionization Chambers W 

Bragg Ionization Chambers have been used to detect Intermediate Mass Fragments ( IMF) 
produced in 1 GeV proton-nucleus collisions. The experimental data were received from CAMAC 
FADC7s (20 MHz, 8 bit) via a PC interface [I]. In previous experiments [2] a limited disk memory 
capacity prevented the storage of the complete pulse shape provided by the FADC's. Therefore, 
the data were stored on disk using an on-line PC routine which allowed to reduce about 500 
sample Bragg curves per sec.. If the particle is stopped in the active chamber volume, this 
routine calculates the integral, the maximum, the duration and a partial integral of the sample - 
pulse. In a recent experiment the full information 

In a recent experiment the full infor- 
mation including the complete pulse 
shapes was stored on Exabyte tapes. 
The further analysis becomes feasible 
only if large computer facilities with 
sufficient disk space memory are avail- 
able. On that account, the existing 
software was installed at the CONVEX 
C-3220 at FZR and linked with the 
CERN library, the PAW and the BU- 
F10 packages. Here we demonstrate 
partly the availability of the software 
with data obtained with calibration 
sources of 2 4 1 ~ m  and 2 * ~ m .  The a- 
energies are separated by 406 keV due 
to the different energy losses in the win- 
dow foils.Fig.1 shows some steps of the 
off-line data analysis. 

R I1 FAOC - raw 5: - mw 

Figure 1: Pulse shapes and energy resolution 

The upper panels show raw pulse-shapes and the corresponding raw energy spectrum denoited 
as Si raw. In the fhst step the pulse shape was splined and corrected for the pulse height defect. 
Already these corrections lead to an improved energy resolution as shown in the panel labeled 
El-fldg. in the following step we generated an averaged reference signal by shifting the different 
Bragg signaIs each to other to their common flank side (as shown in the bottom). The disposal 
of this referen~e cignal is useful to reject distorted signal shapes which are caused by pile-up% 
and the offset jitter. 
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Numerical Tests for Democratic Optimization 

Global optimization problems arise in many areas of physics. Sypical examples are the deterrni- 
nation of ground state energies of disordered or strongly interacting systerns with many degrees 
of freedom or the ffitting of experimental data by trial functions depending on many parame- 
ters. A unified formulation of these problems can be achieved by considering the quantity to 
be optimized (e. g. the energy or likelihood) as a "landscape': over the high-dimensional space 
of parameters on vhich the system depends. Due to the non-linear coupling of the degrees of 
freedom characteristic for complex systems, such landscapes are typically characterized by a 
complicated, "rugged" structure with many local minima and maxima, and finding the global 
optimum of such multipeaked functions is a highly non-trivial task. 

Various strategies have been proposed to solve global optimization problems. Most prominent 
examples are simulated annealing (based on the thermodynamically motivated Metropolis algo- 
rithm) and evolutionary or genetic algorithms imitating adaptive processes in biological systems. 
In a recent publication [I] a novel method for finding optimal solutions to such problems has 
been proposed. The approach is based on a simultaneous optirnization of the energy or like- 
lihood of the total system und of sub-systems of arbitrary size. Adjusting this simultaneous 
optimization process in a "democratic" way - so as to give a high weight to small sub-systems 
("individuals") while preserving the dominance of global interests - results in an efkient and 
robust Monte-Carlo algorithm, often perforrning better than previously used techniques. 

In  ref. [2], a detailed investigation of the performance of the proposed algorithm for several 
classes of discrete and continuous-valued optimization problems is given. Concerning discrete 
systems, a number of travelling salesman problems has been investigated. For system sizes 
around 100, the algorithm turns out to significantly reduce the CPU time necessary for finding 
the global rninimurn (as compared to, e. g., simulated annealing). For larger systems, it quickly 
finds solutions deviating from the global optimurn by less than 0.5%. Spin glasses form another 
class of discrete optimization problems. Here, 3 examples have been concidered: The N - k 
model, the low autocorrelation binary sequence model and the Coulomb glass, The typicd 
system size chosen was N = 500 and the energies found improved the average energy of local 
minima by more than 7 standard deviations (of the distribution of energies of local minimal. 
As an example of continuous-valued problems the optical multilayer sys tem (0MS) has been 
considered. The aim of an OMS is to minimize the reflection a t  a surface separating trwg bomo- 
geneus media by covering it with a sequence of thin opticd layers with given rekaction indices. 
Whereas for any individual wavelength of incoming radiation the reilection coe6cienk ccas be 
rniaimized by ehoosing a single X/4 layer, low average reflection R over a wide rmge of W;IVE+ 

lenghts requires an optimal choice of the widths of many layers. A widely used . tat  icsuample wi%h 
obvious practical relevance is the design of an OMS for the transitiori from air to Germahium IB 
the infrared region, for which standard optimization techniques were abk to h d  valnes d ~ m i  
t o  R = 0.66%. Again, the algorithm proposed above was able to iglpxove this v d ~ e  by I'IXW~~ 

than 30%: finding complicated configurations with R < 0.46%. 
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Abstracts of publications 

Optimization on  Rugged Landscapes: A New General Purpose Monte Carlo 
Approach 
(Phys. Rev. Lett. 76 (1996) 4651) 

Dittes, F.M. 

Abstract: A new strategy for finding optimal solutions to complex problems with many com- 
peting requirements is proposed. It consists in an alternating optimization of the energy, cost, 
or fitness function of the system itself, and of subsystems of all sizes with an appropriate weight 
function. For various spin glasses (the N - k model, the low autocorrelation binary sequence 
model, and the Coulomb glass), and for traveling salesman problems: the corresponding Monte 
Carlo algorithm is shown to yield results superior to those obtained by previous optimization 
techniques. 

Test of a Scintillating-Fiber Calorimeter for Photons with Energies below 1 GeV 
(Nucl. Instruments and Methods in Phys. Research A 382 (1996) 413-418) 

Hübner, B., K.-Th. Brinkmann, H. Freiesleben, J.S. Lange, B. Naumann, L. Naumann, 
A. Schülke 

Abstract: An array consisting of scintillating fibers embedded in a lead matrix was tested for 
use as a calorimeter for showers induced by energetic photons (50 MeV 5 Ey < 1 GeV). Exper- 
imentally, its efficiency was found to equal 100% for photon energies in excess of 100 MeV, the 
energy resolution is (OIE) N ~ O % / ( E ~ / G ~ V ) - ~ / ~  over the full energy range. Extensive Monte 
Carlo studies show that the efficiency drops rapidly around E? = 40 MeV. The suitability of 
cosmic radiation for calibration purposes is demonstrated. Based on these studies design criteria 
for future arrays can be matched to experimental requirements. 

Identification of Light Charged Particles and Heavy Ions in  Silicon Detectors by 
Means of Pulse-Shape Discrimination 
(IEEE TRANSACTIONS ON NUCLEAR SCIENCE 43 (1996) 1097) 

Pausch, G., H.-G. Ortlepp, W. Bohne, H. Grawe, D. Hilscher, M, Moszyski, D. Wolski, 
R. Schubart, G. de Angelis, M. de Poli 

Abstract: Pulse-shape discrimination with totally depleted Si-detectors in reverse mount has 
been investigated and shown to be an excellent method of charged-particle identlfication in the 
energy range of N 2 to 20 AMeV. In test experiments with heavy-ion beams we obtained ele- 
ment identification up to Ti and isotope resolution even for elements heavier than carbon. The 
promising results and the simplicity of the electronics recommend this technique for applications 
in multidetector arrays. In particular, small and compact 4% Si bails with relatively low thresh- 
olds for charged-particle identification to be combined with 471- neutron deteckors or y mays 
can be constructed. 



The Response of the Euroball Cluster Detector to y-Radiation up to 10 MeV 
(Nucl. Instr. Meth. A 381 (1996) 462) 

Wilhelm, M., J. Eberth, G. Pascovici, E. Radermacher, H.G. Thomas, P. von Brentano, 
H. Prade, R.M. Lieder 

Abstract: The Euroball Cluster detector consists of seven closely packed hexagonal encapsu- 
lated germanium detectors which are mounted in a common cryostat and surrounded by a BGO 
suppression shield. By adding back the Compton scattered events between the seven germanium 
detectors the detector system behaves similar as a single germanium detector with a volume of 
2000 cm3. The response of this very large germanium detector to  y-rays up to 10 MeV has been 
measured using a short lived 2 4 ~ 1  source produced at the Cologne FN Tandem accelerator. At 
10 MeV the efficiency of the Cluster detector is nearly one order of magnitude larger than that 
of a 30% germanium detector. 
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Kämpfer, B.: 
Quantenchromodynamik; 
Lecture Course, TU Dresden, WS 1996/1997 

Kämpfer, B.: 
Modelle zur Partonenevolution in ultrarelativistischen Schwerionenstößen; 
Seminar, IKH/FZ Rossendorf, Jan. 1996 

Kämpfer, B.: 
Dileptons Fom Parton Matter Resulting in Ultrarelativistic Heavy-Ion Collisions; 
12. Meeting on Nuclear Dynarnics, Snowbird, USA, Feb. 1996 

Kämpfer, B.: 
Electromagnetic Signals from Deconfined Matter; 
Seminar, LBL Berkeley, USA, Feb. 1996 

Kämpfer, B.: 
IMF Correlations in Central Collisions of Au + Au at 100 - 400 AMeV; 
Seminar, LBL Berkeley, USA, Feb. 1996 

Kämpfer, B.: 
Real Photon and Dilepton Production in Expanding, Equilibrating and Hadronizing Parton 
Matter; 
fnt. Conference on Nuclear Physics at the Turn of the Millenium, Wilderness, Südafrika, Mar. 
1996 

Kärnpfer, B.: 
Dile pt  ons; 
Seminar, Uni Kapstadt, Südafrika;, I M ~ .  1996 

I&'npfer, B*: 
Dileptons: HADES - ACICE; 
Workshop HADES in Ra, CSSR, Sm. 1996 



Kämpfer, B., P. Michel, K. Müller: 
Assoziierte Strangenessproduktion - Diskussion eines zukünftigen TOF-Experimentes; 
Seminar, IKHIFZ-Rossendorf, Dec. 1996 

Lauckner, K.: 
Ein Verfahren zur in-vivo Kontrolle der Bestrahlungsplanung bei der Schwerionen-Tumortherapie 
mittels Positronen-Emissions-Tomographie; 
Gemeinsame Jahrestagung der Deutschen, der Österreichischen und der Schweizerischen Gesellschaft 
für biomedizinische Technik, Zürich, Schweiz, Sep. 1996 

Kolomeitsev, E.E.: 
Pionengasmodell; 
Seminar, IKHIFZ Rossendorf, Jul. 1996 

Müller, H.: 
K- - Production at COSY, 
Spring Meeting of the Institute of Nuclear and Hadronic Physics, Holzhau, Mar. 1996 

Müller, H.: 
Diskussion zum ROC-Modell für Hadronenproduktion: 
Seminar, IKHIFZ Rossendorf, Oct. 1996 

Naumann B., 
Untersuchung des physikalischen Untergrundes bei Experimenten an COSY-TOF bei p=0.88 GeV/c; 
COSY-TOF Analyse-Meeting, TU Dresden, 7.18.5.1996 

Naumann L., 
Untersuchungen zur Bestimmung der Nachweiseffektivitäten einzelner Spektrometerelemente des 
COSY-TOF bei p=0.88 GeV/c; 
COSY-TOF Analyse-Meeting, TU Dresden, 7.18.5.1996 

Naumann L., 
Untersuchung des physikalischen Untergrundes bei bei 880 und 777 MeV/c; 
TOF-Meeting, FZ Jülich, 14.6.1996 

Naumann L ., 
Gedanken zum Einsatz des Dresdner Neutronen-Detektors Er das Bremsstrahlungseqerirnent 
an der Pionenproduktionsschwelle; 
COSY-TOF Arbeitstreffen, TU Dresden, 26./27.8.199 

Nething, U.: 
Erste Auslegung des Strahlführungssystems der ELBEQueUe; 
Seminar, IKH/FZ Rossendorf, Jan. 1996 

Nething, U.: 
Grundlagen der Channelingstrahlung; 
Seminar, IKH/FZ Rossendorf, Jun. 1996 

Nething, U.: 
Neuartige Strahlungsquellen irn Rontgenbereich; 
Seminar, IKHfPZ Rossendorf, NOQ. 1996 



Ortlepp, H.-G.: 
The FOBOS (and ARGUS) Detector and Recent Experiments; 
FOBOS-Meeting, GSI Darmstadt, Nov. 1996 

Pausch, G.: 
Identification of Light Charged Particles and Intermediate-Mass Fragments in Silicon Detectors 
by Means of Pulse-Shape Discrimination: Test Experiments and Applications; 
Seminar, GANIL, Caen, France, Mar. 1996 

Pausch, G.: 
Status of EuroSiB - a Silicon Ball for Charged-Particle Detection in EUROBALL; 
Extended EUROBALL LCP Ancillary Detectors Meeting, C.E.N.B.G. Bordeaux Gradignan, 
France, May 1996 

Pausch, G.: 
EuroSiB - ein Siliziumball zum Nachweis geladener Teilchen in EUROBALL; 
Seminar, LMU München, Beschleunigerlaborat~rium~ Garching, Jul. 1996 

Pausch, G.: 
EuroSiB - an Advanced Si-Ball for LCP Detection in E'UROBALL; 
EUROBALL Users Meeting, Padova, Italy, Oct. 1996 

Pawelke, J.: 
In-Beam PET Imaging for the Control of Heavy Ion Tumour Therapy; 
IEEE Medical Imaging Conference, Anaheim, CA, USA, Nov. 1996 

Persson, E.: 
Decay Rates of Resonance States at High Level Density; 
Seminar, IKH/FZ Rossendorf, Feb. 1996 

Persson, E.: 
Resonance Phenomena at High Level Density; 
Spring Meeting "'Physik der Hadronen und Kerne", Stuttgart , Mar. 1996 

Peshier, A.: 
The Gluon-Plasma as a Quasi-Particle System; 
Seminar, TU Dresden, May 1996 

Peshier, A.: 
The Gluon-Plasma near T, as a Quasi-Particle System; 
Seminar, Universitt Regensburg, Jul. 1996 

Pfitsner, A,: 
Dymmik von Dichte&uktuationen im Kern; 
Sen&xar, IKHJFZ Rossendorf, Dec. 1996 

Prade, H.: 
Das ELBEProjekk in Rossendorf; 
Seminar, Universitt Stuttgai~t, Jul. 1996 



Reif, J.: 
Photonenstreuung am halbmagischen Kern *'Y; 
Spring Meeting "Physik der Hadronen und Kerne", Stuttgart: Mar. 1996 

Rotter, 1.: 
Synergetik; 
Lecture Course, TU Dresden, WS 1996/1997 

Rotter, 1.: 
Time Scales and Chaos in Quantum Mechanical Many-Body Systems; 
Seminar, Max-Planck-Institut für Physik komplexer Systeme, Dresden, Jan. 1996 

Rotter, 1.: 
Trappingeffekt und optisches Modell; 
Spring Meeting "Physik der Hadronen und Kerne", Stuttgart, Mar. 1996 

Rotter, 1.: 
Time Scales and Chaos in Quantum MechanicaI Many-Body Systems; 
The Russian-German Workshop Collective Modes in Fission: Regular and Chaotic Aspects, 
Dubna, Russia, Sep. 1996 

Rotter, 1.: 
Kritische Phnomene in offenen Quantensystemen; 
Seminar, IKH/FZ Rossendorf, Oct. 1996 

Rotter, 1.: 
Kritische Phnomene in offenen Quantensystemen; 
Seminar, TU Dresden, Institut für Theoretische Physik, Nov. 1996 

Rotter, 1.: 
Critical Phenomena in Open Quantum Systems; 
International Workshop on Nuclear Giant Resonances, Trentlo, Italy, Dec. 1996 

Prade, H.: 
Das Rossendorfer ELBEProjekt ; 
Seminar, Institut für Strahlenphysik, Universitt Stuttgart, Jul. 1996 

Schleif, M.: 
Träge Masse des NJL-Solitons im Medium; 
Spring Meeting "Physik der Hadronen und Kerne", Stuttgart, Mars 1996 

Schleif, M.: 
Das Na-Soliton im heifien Medium; 
Se-, IKHlFZ Rossendorf, Oct. 1996 

SchZeif, M.: 
NJESoliton im Wärrneba$ 
Seminar, TU Dresden> Not.. 1996 



Schnare, H.: 
Resolution-Enhanced Spectroscopy of High-Spin States in "Y by Kinematic Doppler-Shift Cor- 
rection; 
Spring Meeting "Physik der Hadronen und Kerne", Stuttgart, Mar. 1996 

Schwengner, R.: 
Magnetische Rotation in Kernen um A = 80; 
Spring Meeting "Physik der Hadronen und Kerne": Stuttgart, Mar. 1996 

Schwengner, R. : 
Dipolanregungen in 122~e ,  1 2 6 ~ e  und 130Te; 
Spring Meeting "Physik der Hadronen und Kerne", Stuttgart, Mar. 1996 

Schwengner, R.: 
Experiments with EUROBALL CLUSTER Detectors; 
Spring Meeting of the Institute of Nuclear and Hadronic Physics, Holzhau, Mar. 1996 

Schwengner, R.: 
DipoIe Excitations in 122~e ,  12"e and 130Te - Nuclear Resonance Fluorescence Experiments at 
the S-DALINAC with One EUROBALL CLUSTER Detector -; 
Int. Conference on Nuclear Structure Around the Turn of the Century, Kreta, Jun./Jul. 1996 

Servene, T.: 
Investigation of the Magnetic Dipole Band in 7 9 ~ r  with EUROBALL CLUSTER Detectors; 
Workshop on Experiments with German EUROBALL CLUSTER Detectors, Heidelberg, Nov. 
1996 

Wagner, W.: 
Report on First Measurements with FOBOS; 
12. Meeting on Nuclear Dynamits, Snowbird, USA, Febr. 1996 

Wagner, W.: 
Symmetrie and Asymmetric Mass Splits in the Fission of Hot Nuclei - the 14N (34 AMeV) On 
lg7Au Recults; 
FOBOS-Meeting, GSI Darmstadt, Nov. 1996 

Wünsch, B.: 
The Nambu-Jona-Lasinio Soliton in Bot Matter; 
Seminar, XH/FZ Rossendorf, Jul. 1996 

WGnsch, R.: 
The NIL Soliton in a Medium of Constituent Quarks; 
Seminar, Univ. Bochurn, Aug. 1996 

Wunsch, R. 
The NJL Soliton in a Heat Bath; 
S e e s ,  UIrFv. Tubingen, Sep. 1996 

Theoxetic;tl Model Calculations of the Reaction "N (53 AMeV) +- Ig7Au; 
FOBOC-Meeting, GSI Darmtadt, Not.. 1996 



Zahn, R.: 
Grundlagen der Parametrischen Röntgenstrahlung; 
Seminar, IKH/FZ Rossendorf, Jun. 1996 

Zahn, R.: 
Neuartige Strahlungsquellen im Röntgenbereich 
Seminar, IKH/FS Rossendorf, Nov. 1996 



Talks of Visit 



Avakian, R. O., Jerevan: 
Monoenergetic X-Ray Sources at the Crystaline Radiator; 
Mar. 7, 1996 

Christov, C.V., Bochum: 
Baryons as Non-Topological Solitons; 
Feb. 8, 1996 

de Angelis, G., Legnaro: 
New Experimental Results fiom the GASP Array (Legnaro); 
May 6, 1996 

Eyrich, W., Erlangen: 
Assoziierte Strangeness-Produktion in pp- und pp-Reaktionen; 
Dec. 10, 1996 

Geissel, H., Darmstadt: 
Neue atom- und kernphysikalische Experimente mit relativistischen Schwerionen am FRS-ESR 
der GSI Darmstadt; 
Aug. 29, 1996 

Hammer, W., Stuttgart: 
Schlüsselreaktionen im Helium-Brennen der Sterne 
Aug. 12, 1996 

Hansen, W., Dresden: 
Zum Konzept eines beschleunigergetriebenen, unterkritischen ~h~~~ /W~~~-Bru l ; r e ak to r s  zur Ener- 
giegewinnung; 
Jun. 20, 1996 

Hass, M., Rehovot: 
Parity Non-Conservation in the Gamma Decay of Polarized 93~c(17J2-); 
Oct. 23, 1996 

Heiss, W.D., Witwatersrand: 
Chaotic Motion in the Modified Nilsson Model; 
Jul. 1, 1996 

Jolos, R.V., Köln: 
Paxity Splitting in Nuclei with Strong Octupole Correlatlons; 
Apr. 10, 1996 

Kruglov, V., Dubna: 
A New High-Current Mode of Wire Cbamber Performance; 
Jul. 15, f 996 

Kühn, W., Gießen: 
Hadronische Materie unter exkremen Bedingungen: Dileptonen-Spek&askopie Wa5 HADES; 



Kvasil, J., Prag: 
Residual Interaction in the Nuclear Hamiltonian and the Properties of Low-Lying States in Dle- 
formed Nuclei; 
Oct. 25, 1996 

Magner, A., Kiev: 
Semiclassical Analysis of the Supershell Structure in Spherical Meta1 Clusters; 
Apr. 22, 1996 

Meng, J., München: 
Relativistic Hartree - Bogoliubov Theory for Drip Line Nuclei; 
Aug. 19, 1996 

Nazmitdinov, R., Dubna: 
Shell Effects in Mesoscopic Systems: Metallic Clusters: Quantum Dots; 
Jun. 18, 1996 

Nitta, H., Tokyo: 
Effect of Dynamical Diffraction on Channeling Radiation; 
Dec. 10, 1996 

Polyakov, M.V., Petersburg: 
Parton Distributions fiom the Chiral Soliton; 
Oct. 16, 1996 

Reinhardt , H., Tübingen: 
Chirale Quark-Flavor-Dynamiq 
Nov. 11,1996 

Sokolov, V.V., Novosibirsk: 
Interfering Doorway States and Giant Resonances; 
Jun. 24, 1996 

Sujkowski, Z., Warschau: 
Giant Resoances and the Compressibility of Nuclear Matter; 
May 23, 1996 

Yanez, RA., Uppsafa: 
Fission and Heavy Fragment Formation in Intermediate-Energy Heavy-Ion Reactions; 
Feb. 26,1996 
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