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1 INTRODUCTION 
1 

The experimental activities at the Section fur Nuclear Physics 
have in 1985 as in the previous years mainly been centered around 
the cyclotron laboratory with the SCANDITRONIX MC-35 cyclotron. 
During the year the accelerator has been in use for low-energy 
nuclear physics experiments and for some experiments in nuclear 
chemistry. However, due to lack of personel it has been impos
sible to maintain the same extensive use of the cyclotron as in 
previous years. 

Most of the nuclear physics experiments have been related to the 
study of nuclear structure at high temperature. Experiments with 
the Tie beam up to a particle energy of 45 MeV have continued, 
and valuable information regarding the cooling process in highly 
excited nuclei has been obtained. The complexity of the processes 
necessitates the accumulation of large amounts of data, and the 
experiments are at present in a stage where the need for a larger 
data accumulation system is imperative. Theoretical studies of 
highly excited nuclei have continued. and there has been a 
fruitful and inspiring cooperation between experimental and 
theoretical physicists. 

The NORD-10 computer and the connected data acquisition system 
represent a vital part of the experimental equipment, and have 
been in extensive use for data accumulation and analysis. As 
mentioned, the lack of computer capacity stresses the urgent need 
for a new computer. 

With the small experimental group attached to the cyclotron 
laboratory, continuous use of the equipment is impossible. Close 
cooperation with experimental physicists from other universities 
and regular visits from the Universities of Bergen, Jyvaskyla, 
Helsinki and Warsaw ha3 made it possible to maintain a reasonable 
activity in the laboratory. Periodically experiments have been 
going on continuously for two or three weeks. also during nights 
and weekends. It has. however. also been necessary to admit 
longer pauses in the cyclotron running schedule, in order to get 
sufficient time for analysis of the experimental data. Several of 
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the experiments are performed as joint Tojects where physicists 
from other universities take part. Some of the experiments are 
supplements to or extensions of experiments performed at other 
Nordic laboratories, but most of them have their own merits. 
Occasionally the cyclotron has been disposed for experiments in 
nuclear chemistry for scientists from the Universities of Oslo 
and Bergen. 

After six years of operation the cyclotron is still the newest 
nuclear accelerator in Scandinavia. The available beam energies 3 (protons and alpha-particles to 35 MeV and He-particles up to 48 
MeV) make it an excellent tool for studies of highly excited low-
spin states, and also for other experiments with light ions in an 
intermediate energy range. 

To ensure the diversity of the work it has. however, also been 
necassary to continue our activities in some laboratories which 
have accelerators and instrumentation suitable for study of other 
problems. Thus we have maintained contact with the Niels Bohr 
Tandem Accelerator Laboratory at Riso and the Hahn-Meitner 
Institute in Berlin. In particular we are involved with the NORD-
BALL project, which consists of a complex detector arrangement 
built up by contributions from the part-taking Nordic laborato
ries. The outfit will mainly be used for experiments at the Niel3 
Bohr Institute, but may also occasionally be moved to other 
laboratories. 

Some of the members of the Section for Nuclear Physics have 
continued their participation in solar energy research. The study 
of solar heating system for small houses has continued. Considei— 
able effort has been put into attempts to simplify the heat 
storage and distribution systems. In that connection simulating 
and analysing programs for heating systems in various types of 
houses are developed. A close and fruitful cooperation on 
problems and instrumentation related to handling of data in solar 
energy studies and in nuclear physics experiments is established. 

One of the section members has in cooperation with the National 
Institute of Radiation Hygiene and the University Health-Physics 
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Service Institute continued studies in radiation dosimetry and 
measurements of natural f_ray background. He has also taken part 
in a study of resperative heat loss by divers. Although not 
connected to nuclear physics, the latter activity - like the 
solar energy project - demonstrates the near connection between 
various branches of physics and the value of transfering 
knowledge and experience from one branch of physics to another. 

The value of the cyclotron laboratory for educational purposes 
has again been demonstrated by the activity of the students in 
the laboratory. and also by the fact that the educated students 
appear to be well adapted for work in various branches of 
technological research. 

Of six students in progress with their graduate work at the end 
of 1985. four are working in experimental and two in theoretical 
nuclear physics. Two Dr.Scient.-students work in the field of 
experimental nuclear physics and one in radiation and health 
physics at the National Institute of Radiation Hygiene. In 1985 
three students associated to the group completed their Cand. 
Scient. studies - one in theoretical nuclear physics and two in 
electronics. The cyclotron and the adjoined instrumentation still 
appear as attracting features for new students at the institute. 

The development sketched above would not have been possible 
without the continued support from the Norwegian Research Council 
for Science and Humanities (NAVF). Our activity at other 
laboratories has been funded by the Nordic Committee for 
Accelerator-Based Research (NOAC). Indeed. the NOAC-funds, 
although relatively small, has made the collective use of the 
various resources available in Scandinavian accelerator laborato
ries more efficient. Further. we are grateful to the Nordic 
Institute of Theoretical Atomic Physics (NCRDITA) for support in 
terms of travel grants to guest lecturers visiting Oslo and to 
members of our section visiting Copenhagen. The work in solar 
energy research has been made possible by support from the Royal 
Norwegian Council for Scientific and Industrial Research (NTNF). 

In 1984 the activity of Norwegian research groups in nuclear 



4 
physics and chemistry was evaluated by an international panel 
appointed by the Council for Natural Science Research (RNF), a 
division of NAVF. In the evaluation report, submitted to RNF in 
november 1984. the Section for Nuclear Physics in Oslo was 
described as one having "an excellent standing of international 
comparison". The report stressed, however. the need for an 
increase in the research staff as well as in the tecnical staff. 
This situation appears now to be critical. The annual increase of 
one year in the average age of the staff, together with the fact 
that several of the staff members as a part of their duty as 
University Staff members have been strongly engaged in other 
activities, has led to lower research activity. The need of funds 
or allowances to adjoin younger scientist from inland and out land 
to the group, is impressing. 

On the personnel side we would like to thank our technical staff, 
E.A. Olsen and A. Kunszenti, for their untiring and persistent 
efforts to keep the cyclotron and other equipment in operation. 
Further, the invaluable work of the members of the Section for 
Electronics and Measurements: G. Midttun, B. Skaali and J. Wikne, 
on the computer and data acquisition system is highly appreci
ated. 

The participation of physicists from Bergen and from Finnish and 
Polish laboratories has served as a most valuable increase of 
manpower at the cyclotron laboratory and has helped us to exploit 
the capacity of the machine far beyond the ability of our own 
small group. We hereby thank our colleages for their enthusiastic 
collaboration and for their patience and polite tolerance during 
all the problems which unavoidably arise with large installa
tions. 

Blindern. May 1986 

Trygve Holtebekk 
Leader ot the Section for Nuclear Physics 
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2.5 STUDENTS 
6 

As of December 31. 1985, 6 graduate students (for the degree 
Cand.Scient.) and 3 post-graduate students (for the degree 
Dr.Sclent.) were associated with the section. 

One IASTE summer student worked with the section in Au:./Sept. 
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3.1 OPERATION AND MAINTENANCE 
T. Holtebekk. S. Messelt and E.A. Olsen 

The use of the cyclotron is based on a 5-day weekly operation 
schedule with optional night runs and week-end runs when 
required. Maintenance, work on new installations, development 
work and experiments! setups are usually performed during 
ordinary day time. During the year the cyclotron has been in 
operation 57 days with a total ion source running time of 650 
hours. 

The beam has mainly been used for experiments in nucxeai physics. 
As an average the daily running time for these experiments has 
been about 14 hours. Also 10 runs for nuclear chemistry (10 
hours) have been made. There has been one long stop period due to 
a break down of the variac in the magnet power supply, with 60 
days waiting time for a replacement. In addition there has been 
three shorter stop periods due to failure in the cyclotron 
equipment. The total time for unscheduled stops amounts to 72 
days. Due to the lack of computer capacity (the computer used for 
data analysis), and also due to lack of scientific personnel, the 
cyclotron has periodically not been in use. During these periods 
it has been possible for the technical staff to check the 
equipment and to do preventive maintenance. 

The activity in th«! laboratory in 1985 is distributed in the 
various fields as foilows: 

Days 
Nuciear physics experiments 
Nuclear chemistry 
Unscheduled maintenance 
Routine maintenance, cyclotron 
Experimental setup, equipment testing 
Data analysis* 

Computer in use for data analysis. 

47 46 
10 5 
72 20 
42 12 

8 3 
97 30 
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3.2 BEAM LINE 
3.2.1 First-order Calculations of Beam Line Properties 

S. Messe 11 

Using standard first-order matrix techniques several calculations 
have been made to determine the properties of the beam lines. For 
our simple beam lines it was not considered worth while to 
implement a large general program as TRANSPORT . Instead a set 

2) of FORTRAN subroutines and functions given by Shapiro has been 
used to write programs for ray-tracing, determining cuadrupole 
settings etc. Using the graphic facilities on the cyclotron 
computer (NORD-10). an interactive program has been written to 
calculate and display the phase space ellipse at different 
positions of the beam lines and to trace the beam envelope 
through the system. Some results for the zero-degree beam line 
which is mainly used for particle-gamma experiments, are shown in 
figs. 3.1 and 2. 

The zero-degree beam line consists of the exit (image) slits of 
the energy analysing magnet, two quadrupole doublets with a set 
of intermediate slits half-way between them. and the target 
chamber. The total distance from exit slits to target is 9.25 m. 
With the first doublet converging-diverging and the second 
doublet diverging-converging in the horisontal plane the 
magnification is 1.5 in both the horisontal and vertical plane. 
The phase space ellipses at the exit slits, intermediate slits 
and target position are shown in fig. 3.1 for a source 
1 mm x 10 mrad and 3 mm x 5 mrad (half-values) in the horisontal 
and vertical plane respectively. Experience has shown thac we 
easily get enough beam for the experiments even if the source 
dimensions are reduced by 50 % or more. 

The beam envelopes are shown in fig. 3.2. The maximum beam width 
is less than 40 mm FW in both planes. Predicted quadrupole 
potentiometer settings as function of energy and particle type 
have been computed from the calculated quadrupole strength 
parameters, assuming the field gradient of the quadrupoles to be 
a linear function of the potentiometer settings. 
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Fig. 3.2 Beam envelope from exit slats to Latgct position, one 
unit along beam axis is 0.05 m. 

Fig. 3.3 shows the predicted potentiometer settings for the 
quadrupoles in the zero-degree beam line. The predicted values 
are in good agreement with experimental values. 

More details of the beam line calculations are uiven in an 
3) internal report 

1) K.L. Brown. SLAC-75. Stanford Univ.. Stanford. Calif.. 1967. 
2) P. Shapiro. NRL-6710/No. 4. Naval Res. Lab.. Washington 

D.C.. 1968. 
3) S. Messelt. Report 85-25. Institute of Physics, University 

of Oslo. 
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4 . DATA ACOUI S MLQN . SYSTEM 

4.1 COMPUTER AND DATA ACQUISITION HARDWARE 

4.1.1 Computer and Data Acquisition Configuration 

The data acquisition system is based on a minicomputer with the 
CAMAC inteiface standard. The configuration is: 

NORD-10.S computer with: 
SINTRAN III operating system 
448 Kb memory 
2 10 Mb disk drives 
1 floppy disk drive, single side/density 
2 MT units. 75 IPS. 800/1600 BPI 
1 CALCOMP plotter 
1 Texas Instruments Omni-800 printer 
2 interactive work stations, each with: 

a) "DICO" video colour display, 8 colours, 
384 lines each with 288 pixels, display 
controller and video memory in CAMAC. 
Another CAMAC module is used for cursor 
generation and colour transposition from 
8 to 4096 possible colours. 

b) CRT terminal 
1 Tektronix 4612 video hard copy unit 
1 NORDNET to ND-500 computer, 2400 baud 
6 terminals 
3 CAMAC crates 

15 ADCs interfaced via CAMAC. controlled in multiparameter 
mode by an ADC scanner module. 

4.1.2 The NORD-10 Computer 
A. Kunszenti. B. Skaali, J. Wikne 

The computer configuration has not changed during the year. Few 
hardware problems h^ve been encountered. The number of power 
failures has been reduced due to installation of a stabilized 
power supply. 
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4 . 1 . 3 Da_ta Ac<uusAiifiu.. Hardware 
F. Ingebretsen. A. Kunszenti. G. Midttun 

The CAMAC system has functioned well during 1985. but problems 
have again been encountered with power supplies in aging CAMAC 
crates. A few CAMAC modules have suffered frum hardware problems 
and have been repaired. Interfaces for more ADCs have been 
installed. Discussion are going on about updating or replacement 
of the current data acquisition hardware in connection with the 
installation of a new computer. 

4.1.4 Uninterruptible Power Supply (UPS)__. I_ns_taJ_l_atagi] 
J. Wikne 

Problems previously encountered with temporary malfunctions of 
the computer/data acquisition system were shown to be partly due 
to the mains supply . As a consequence of this a 5 kVA UPS. 
model Alpes 50 from Merlin Gerin. was purchased and installed in 
August 1985. 

The unit provides 10 minutes battery backup at full load, as well 
as complete normal mode isolation of the primary and secondary 
sides. It thus eliminates surge/sag noise not dealt with by 
simple isolation transformers. 

The UPS was placed in the power-supply room, and a separate cable 
was run to the main fuse box. where the three branches going into 
the computer room were connected to it. These branches supply 
power to the computer itself, the disk drives, the tape stations, 
the CAMAC-crates and the NIM-crates containing the ADCs. 

Shortly the bias supplies for the germanium counters will be 
powered from the UPS as well. to avoid possible damage if a 
sudden mains cut should occur at full bias. 

After solving an initial problem with the load-regulation time-
constant, the UPS proved 100 % efficient in blocking externally 
generated noise from reaching the secondary side. as indeed 



14 
intended. However. the susceptibility to noise occasionly 
generated by parts of the computer system itself, mainly the tape 
stations, has increased. This may be due to the UPS load 
regulation being too slow. but. since the symptoms caused by the 
noise are different from those previously encountered, some 
obscure internal computer problem may be at least partly 
responsible. 

Since a new computer is to be installed in 1986. for the time 
being the only effort to be made to eliminate the remaining noise 
will be temporarily to connect the tape stations to a non-UPS 
branch. 

J. Wikne. A. Kunszenti and E.A. Olsen, Annual Report 1984. 
Report 85-07. Institute of Physics. University of Oslo, p. 13. 
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4.2.1 The Data Acquisition Program SHIVA 

B. Skaali 

SHIVA is the main data acquisition and data analysis program at 

the laboratory. It handles singles arid multiparameter data 

acquisition and off-line sorting (playback! from magnetic tape. 

Due to the limited address space of the 16-bit NORD-10 computer, 

the SHIVA system is comprised of a number of Real Time programs. 

These programs have access to common data areas that contain 1-

and 2-dimensional spectra (histograms). The communication between 

the programs is implemented by means of the real time facilities 

of the operating system SINTRAN-III. 

The algorithms for sorting of multiparameter data are coded in an 

Algol-like language which is called TONE. This language has been 

described in previous annual reports. The TONE compiler generates 

executable machine code which is loaded as a procedure into the 

SHIVA system. The spectra which are defined by the sorting 

algorithm can be allocated in the NORD-10 memory or on a virtual 

memory area on disc. The maximum size of this virtual memory is 

512 K words. The access of spectra on the virtual memory is 

completely transparent for the user. 

Although the NORD-10 is still a fairly powerful 16-bit computer. 

there is an urgent need to replace it with a modern 32-bit 

machine. Such a computer. which will be installed in 1986. is 

necessary to handle the large amount of data which is produced by 

the current experiments. 

4.2.2 Graphics Package for Interactive Applications 

S. Jåvold and B. Skaali 

A new graphics package for the DICO display system has been 

developed. This package is based on modern concepts in interac

tive graphics such as menus. icons and colours. The user 
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interface to the package is similar to the GKS (Graphical Kernel 
Standard) definition. 

The package has been developed for the new computer system which 
will be installed in the laboratory in 1986. 

S. Javold. "Interaktivt system for fremstilling av eksperimen
telle data", thesis for the Cand.Scient. degree. Department of 
Physics, University of Oslo 1986 (in Norwegian). 
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The following programs are available for dc.ta analysis: 

NSPECT 
Ge(Li)-spectrum manipulation program. Fast peak search, peak 
centroid and area estimation directly from observed data. 
FORTRAN-77. Locally developed library. 

TSPEC 
Off-line analysis of one-dimensional spectra. Fits Gaussian with 
optional tail functions to spectrum peaks. Automatic peak search. 
FORTRAN-77. Locally developed library. 

STACAFOLDED 
Calculation of decay probabilities from Fermi gas assumptions. 
Outputs unfolded and folded Nal-spectra with the use of response 
functions in program SPEC-STRIP. FORTRAN-77. Locally developed 
library for graphics. 

FI SEGA 
Calculates first generation ganinia-ray spectra f i om pai t i c ie-gamrua 
experiments. Input is coincident gamma-ray spectra with Nal-
detectors from different excitation intervals. FORTRAN-77. 

TRANSMISSION 
Calculates efficiency of mini-orange election spectrometer. 
Graphics on Tektronix terminal. FORTRAN-77. Locally developed 
library for graphics. 

SPEC-STRIP 
Off-line Nal- and particle-detector spectrum unfolding program. 
Command prosess ing. NORD-10 version limited to 64 channel 
spectra. Uses DICO display system. Extended version (256 
channels) running on NORD-100/500 (FKA) system. FORTRAN 77. 

LECHSQ 
Fits a given function to a set points given either as a spectrum 
or as an array. Utilizes the Least Chi Square Method. The 
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incorporated functions are polynoma of 4th degree and multipli-
sity and gamma-distributions based on the Fermi-gas model. Uses 
DICO display system. FORTRAN 77. 

KINEMATIKK 
Calculates relativistic energy-loss in a given scattering angle 
and energy-loss for particles passing through matter (Bethes 
formula). Also the uncertainty in particle energy due to 
straggeling is calculated. FORTRAN 77. 

DECAY 
Interactive program to simulate gamma-decay in a nucleus obeying 
Fermi-gas statistics. The program is based on Monte Carlo 
simulation. FORTRAN 77. 
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5. NUCLEAR INSTRUMENTATION AT THE CYCLOTRON LABORATORY 

5.1 LABORATORY EQUIPMENT 
M, Guttormsen, F. Ingebretsen and S. Messe It 

Most of the instrumentation funds tor 1985 has been used in 
connection with the NORDBALL project.A Compton suppression shield 
together with photomultipliers. ADCs etc. has been bought and 
installed at the Niels Bohr Institute. 

At the Cyclotron Laboratory the frame for a large multidetector 
system has been built and used in the study of heated nuclei. Two 
additional 5" x 5" Nal-detectors has been bought together with 
some more standard NIM models for signal processing. A quadruple 
linear amplifier unit, primareiy meant for bipolar shaping of the 
signals from Nal-detectors, has been constructed. Several new 
interface cards for the data acquisition system are completed. 
making it possible to run 13 parameters experiments. 

An experiment with four particle telescopes, seven 5' x 5" Nal-
detectors, one Compton suppressed Nal-detector and one Ge(Li)-
detector wi11 start in January 86. 
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5.2 THE NORDBALL PROJECT 

J. Rekstad and P.O. Tjøra 

The NORDBALL is a multidetector system which can accomodate up to 

32 separate detector units. The frame structure has a diameter of 

66 cm and can be separated into two parti along the beamline. 

This structure gives room for 20 large detectors placed in 

hexagons and and 12 smaller detectors placed in pentagons. The 

Ge-detectors are placed inside a shield of Bismute-Germanate 

(BGO) 

An inner ball is also planned. This will consist of 60 elements 

of BaF? crystals. The calorimeter will be used to measure 

multiplicity and summed y—ray energy simultaneously. 

An important part of the NORDBALL project is to develop a data 

acquisition system which can handle the extreme high data rate 

for multiparameter events. Also the many high-resolution 

detectors require simultaneous gain stabilisation and Dopp ler 

shift compensation. A modular VME bus system is being developed 

for this purpose. It will make use of the high CPU power one can 

obtain by running several u-processor3 in parallel. 

The total cost of the project is about 29 M. kr. and about 25 % 

of this amount is allocated. The funds obtained from the Nordic 

research councils have made it possible to purchase 7 anti-

Compton dttectors and the first units for the data acquisition 

system. Th? Norwegian contribution is one anti-Compton shield and 

five A.D.C. 

A consortium of Nordic physicists have submitted an application 

to the Nordic Council of Ministers for the remaining sum. The 

hope is that this money will be available in 1987. 
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6. EXPERIMENTAL NUCLEAR PHYSICS 

6.1 INTRODUCTION 

The experimental work at the cyclotror has mainly been devoted to 
the study of nuclear structure at lcrv spin and high excitation 
energy. The method is based on measuring the outyomg chatged 
particle from transfer reactions in coincidence with *y-ra>s. In 
this way f-ray spectra at various nucleai excitation energies can 
be produced. 

Our research is of general physical interest: To what extent can 
a microscopical few-body system, e.g. nuclei with A ~ 160. be 
ascribed statistical properties as temperature and entropy? It is 
well known that the low energy part of nuclear excitations is 
determined by the orbitals occupied and the collective degrees of 
freedom. However. a few MeV above che yrast line one is bound to 
use statistical concepts. 

One of the most important f indings is the appearance of 1 MeV and 
2 MeV f—rays in the decay of heated nuclear matter. The appea
rance of such f-rays have been confirmed in seveial nuclei, and a 
det ai led study of the origin of this favoured f-decay is in 
progress. 

It is still an open question if chaotic particle motion can be 
produced in hot nuclear matter. This is one uf the greatest 
challenges remaining to be investigated. However. to study such 
properties our experiments so far suffer from poor statistics. 

An increased coincidence efficiency is mandatory foi the progress 
in our investigations. We have installed a frame for a. many-
counter set-up at the beam line. At present seven Nal detectors 
are used. We hope in near future to produce reliable first-
generation T~ray spectra. In addit ion an increased p~T -T 
coincidence rate will give better y-ray resolution and make many-
dimensional analysis possible. The contributions during the year 
to the study of nuclei at low spin and high excitation energy are 
presented in subsection 6.2. 
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Also the work on high-spin states and delayed proton emission has 
continued in 1985. The high-spin experiments have been carried 
out at foreign laboratories where heavy-ion beams are available. 
The main topic of this research is the behaviour of nuclei 
exposed to rapid rotation. In particular, single-pa-tide 
structures and pairing-correlations have been studied as function 
of rotational frequency. This field is in strong development, and 
powerful detector systems with Compton-suppressed Ge-detectors 
are now emerging. We participate in the Nordic collaboration, 
NORDBALL. to build a Compton-suppressed T~ray spectrometer. (See 
section 5.2). Experiments within this field, presented in 
subsection 6.3 are carried out at the Hahn-Meitner Institut. 
Berlin, and at the Daresbury Laboratory in England, Experiments 
on e-decay and delayed proton emission. in collaboration with a 
Finish group, are presented in subsection 6.4. 
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6.t PROPERTIES OF NUCLEUS AT HIGH TEMPERATURE 

6 .2 .1 P a r t i c i e - v i b r a t i o n _goup iP.4. Sta. tes . jjj ^^^Dy 
T. Ramsøy. A. Atac. T. Enge land. M. Guttormsen, 

* * 
J . Rekstad . G. Løvhøiden . T. F . Thors te i risen and 

J . Vaagen 

The structure of low lying vibiatiunal states has previously been 

studied in the even-even rare earth nuclei. In the ^dd-A cases 

the blocking effects through particle phonen exchange f01ces ate 

believed to be important. 

In the spectrum of inelastica1ly scattered part IC les in coinci

dence with f-rays we observe a strong peak located at U.9 MeV. 

This structure is connected to the quadrupole and octupole 

vibrational modes and is referred to as the phonon-peak. 

The phonon-peak consists of several particle yroups. This becomes 

evident by studying the T~*"cLy Ge-spectia obtained with various 

gates on the phonon-peak- Fig. 6.i demonstrates clearly that 

groups of Twines are connected to certain excitation regions. A 

more presicc determination of the excitation energies ia obtained 

by putting gates on the y—1 ines and eva lua ti ny the ĉ i t espun Iing 

centroid of the phonon-peak. 

This study resu lted in the i dent i c; if at ion of tota i iy '-J leve ] s . A 

partial decay scheme is presented in fig. 6.2. 

The spin and parity assignments are based on the present wurk and 

on the results from (d,d'), (d.t), (d.p) and (n,f) reactions. 

The ground state of the Dy nucleus is built on the 5/2 (642) 

Nilsson orbital with an angular momentum projection on the 

nuclear symmetry axis given by K = 5/2. For the y-vibration this 

projection is K = 2. Thus, two groups of states are expected to 

have large ine las tic cross sections-. (i) the al igned conf igura-

tion with K + K = 9/2 and (ii) the anti-aiigned configuration 

with K - K = 1/2. o v 
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799 «» Ê  ; E , = 1JO-I.2MCV 

6f9 

E„=0.9-1.0M«V 

m^axj E. = 0.7-03 MeV 

.^4fe^4 
E. =0.4-0.7 MeV 

6ZS 
| 700 

M.LlH.u^-1 p . ..Ul|., .^ ... .1 ...^ 

F i g . 6 

"1 r— 
100 200 300 400 500 600 700 800 900 KXM 1100 1100 1200 

GAMMA-RAY ENERGY [keV] 

1. 3amma-ray spectra obtained with gates on various 
excitation regions within the phonon peak. 

The I - 9/2 member of the aligned structure is expected to be 
strongly populated in the inelastic process. The most intense 
particle group is located at E - 899.0 keV. close to the T _ 

vibration 2 states in the neighbouring ' Dy isotopes. We 
conclude that this particle group presents the I,K = 9/2,9/2 
aligned state. 

The I = 1/2 and 3/2 members of the K - 1/2 antialigned 
structure is fragmented on neighbouring single particle states. 
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(K0+Kv) i*[W0] (K0-Kv) f[660] f [«02] f [651] (K0-Kv) (K0-Kv) 

Vf-m I-699.S 

v2t 
V{ , , , 550.5 

•800 5 

5/ ; ' • . . , , 730.7 

-131.7 

-76.6 

66Dy 9 5 

Fig. 6.2. Partial decay scheme 

The l/2 + (607.5 keV) and l/2 + 1772.0 keV i levels- are iui«>ro-
ted as the completely mixed 1/2 (4001 and 1/2 106OI ui bitolii. 
The third l/2 + state is probably the 099.6 keV level. 

The two lowest 3/2 states are known to be the ~i; L (4021 and 
3/2 (651) orbitals. Their weak cross sections indicate weak 
interaction with the I .K - 3/2,1/2 state which we .-niggest i.o 
he presented by the strong particle group at 800.5 keV. 

The last strong particle group that is not assiynru, is located 
at 730.7 keV. Based on its f-decay branches we assign it spin and 
parity of 5/2 . 

Experimental evidence for mixmu ot states i iginaliriy from 
shells with a difference in the oscillator quan-'um number N of 
two units, is seen in the transfer or pick-uf s;tength from the 
l/2+(400) and 3/2 + (402) to the l/J+(660) and 3/2 + (6511 urbiUls. 

The latter state should otherwise have ext. reii.e i ,' .;ino i . pick-up 
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cross sections. Previously, the AN - 2 interaction V and the 

unperturbed energy difference Ae have been deduced from the two 

interacting states. These results will be modified by the third 

state of vibrational character found in the present work. 

Consider the unperturbed states obeying the Scrødinger equation 

H *i " Ei "i 

The indexes i - 1, 2 and 3 refer to the I - l/2+ (or 3/2 +), 

N = 4 and N = 6, K - K states. respectively. Furthermore, we 

assume that large interaction matrix elements appear between the 

two AN = 2 states and that the vibrational K - K states couple 
o v 

with equal strenghts to the N « 4 and N - 6 orbitals. Using the 

method of trial and failure we find 

\ V = 
0 65 30 

65 0 30 
30 30 0 

keV 

to be an appropriate residual interaction between the levels. 

The change from unperturbed (e) to perturbed (E) energies for the 

vibrational states is of the order of 20 - 30 keV. The absolute 

values of the C. . and C. - amplitudes can be compared with 

experiments. We base the method on the assumption that all (d.d'l 

=..rength and all (d.t) strength, respectively, are due to the 

amount of K - K and N = 4 components in the wave functions. 

Figs. 6.3 and 4 show that the experimental data are surprisingly 

well described by the perturbed wave functions. In particular. 

the calculations reveal a destructive interference which cancels 

the N - 4 component in the K — K states. consistent with a 
o v 

vanishing (d,t) cross section. 
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Fig. 6.4. Calculated values for C. and C i.3 amplitudes compared 
to experimental data for the (d.t) reaction. 

Institute of Physics. University of Bergen. 
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6.2.2 The Reaction Dependence in the Gamma-Decay of Highly 

Excited Rare Earth Nuclei 

J. Rekstad. A. Atac, M. Guttormsen. T. Ramsøy, 

J.B. Olsen. F. Ingebretsen. T.F. Thorsteinsen . T. 

Rødland and G. Løvhøiden 

To look for a possible reaction dependence in the T-decay, we 

have compared the T - ray spectra for the nucleus Dy produced in 

the Dy( He. He) Dy reaction and in inelastic He-scattering. 

The inelastic process excites preferentially the collective 
3 4 quadrupole and octupole vibrational modes, while the ( He. He) 

reaction mainly populates two-quasiparticle-states via transfer 

on single-hole states with large particle angular momentum. 

The experiments were performed by bombarding the isotopically 

enriched Dy and Dy targets with 45 MeV He particles from 

the MC 35 cyclotron. The charged particles from the reactions 

were detected in four particle telescopes all positioned at a 

scattering angle of 40 relative to the beam direction. Each 

telescope consisted of one 140 |jra and one 3000 |jm Si-detector. 

The •f_reiys were measured with two 12.7 cm x 12.7 cm Nal- and two 

Ge-counters. 

The experimental intensities of the yrast transitions normalized 

to the number of cascades, are shown in fig. 6.5. The data shown 
4 

are measured with Ge-detectors in coincidence with emerging He 

particles leaving the Dy nucleus with an excitation energy 

between 2.4 MeV and 8.2 MeV. 

The yrast intensities can be compared with a simple model 

calculation where it is assumed that a non-yrast state which have 

spin I. decays with equal probabilities to states with spins 

I - 1. I and I + 1. For the excitation region of interest 

(2.4 MeV < E < 8.2 MeV) the average number of non-yrast y-

transitions is known to be around 2.5. With these assumptions the 

calculated yrast intensities for the initial average spins of 

1 - 2 . 4 and 6 are drawn as solid curves in fig. 6.5. If the 

decay follows roughly the spin-selection mechanism described 

above, we estimate that the initial spin populated prior to f -
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Fig. 6.5 Probability of populating yrast states 
from E„ = 2.4 MeV to 8.2 MeV. 

the 'f-decay 

radiation are I (3.5 + 1.0) and (5.5 + .0) tor the ( He.~He') 3 4 and ( He, He) reactions respectively. This is consistent with the 
assumption that the inelastic scattering process populates low 
spin vibrational states and the pick-up transfer raact ion 
Populates h„. 2, h. and i,-./-, neutron states. 

Fig. 6.6 shows the Nal f-ray-spect i a ot 'Dy, ubUine>[ in U,B 
two reactions. The data are taken in roi nc idc;ni-(- with outgoing 
particles which populate levels at excitation energies . >i 
2.4 MeV to 8.2 MeV. The two spectra reveal striking similarities. 
The yrast parts of the spectra IE. < 0.5 MeV) show moi e strength 
in the pick-up reaction, consistent with the Ge-sueclr a discussed 
above. 

The unfolded Nal spectra, displayed in fiy. 6.7 exhibit large 
structures. This is unexpected in the decay within a Fermi-gas 
Picture. We have calculated Fermi-gas f-ray distributions using 
Monte Carlo simulations. The results are shown as dotted curves, 
which are scaled down in order to indicate a sott of continuum 
below the observed bump structures. After subtraction of this 
"background" position, width (FWHM1 and strength ot t lie 1 MeV and 
2.5 MeV bumps can be evaluated. 

In summary. a comparison of the two reactions reveals possible 
reminiscences ot the formation pi jcess in the f- d̂ .-ay A 1'hough 
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Dy( He, He) Dy r e a c t i o n s . The He beam energy was 

45 MeV. 
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Fig. 6.7 Unfolded l—ray spectra. The dotted curves are calcula
ted with a Fermi gas model. 
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states of different structures are Pupulated. the observed f-ray 
spectra, which contain large bumps, are almost identical in the 

two cases. Hence. no react ion dependence is discovered. The 
result supports the picture of a fully thermalized nucleus as a 
source of the *)r-radiat ion. We conclude that the particular shape 
of the T-spectrum is characteristic for decay of highly excited 
low spin states in this nuclear mass region. 

Institute of Physics, University of Bergen. Norway 
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6.2.3 The Decay of Hot Dysprosium Nuclei 

A. Atac. J. Rekstad, M. Guttormsen, T. Ramsay. 

F. Ingebretsen. T.F. Thorsteinsen , and G. Løvhøiden 

The decay of some Dy nuclei are studied using the 
1 6 3Dy( 3He.axn) 1 6 2 _ xDy and 1 6 2Dy( 3He,a x n ) 1 5 1 _ xDy reactions. The 

beam energy was 45 MeV. Due to the rather high Q-value of the 

reactions (™ 14 MeV). an energy region from 0 up to 40 MeV could 

be investigated. and decay properties of five Dy-isotopes were 

studied. 

Singles particle spectra were recorded simultaneously with the 

particle-T events . Gamma-ray spectra recorded with the Ge(Li) 

detectors are shown in fig. 6.8. The upper spectrum is from the 

« 0 / 

__€' —J * . - l c * t w 0 v 

0y( He.axnl Dy 

' 1 , M D y Dy(H«.a>inr 'Dy 

j ^ v 
^ ^ ^ ^ N K - ^ ^ r f y ^ y i 

0 01 02 03 04 OS 06 07 08 0.9 10 

GAMMA - RAY ENERGY [MeV] 

Fig. 6.8 Gamma-ray Ge(Li) spectra in coincidence with the <x-
particles. 
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1 6 3Dy( 3He,tx) reaction. the lower one from the 1 6 2Dy( 3He,ct) 
reaction. The even-even final product nuclei, ' ' Dy for 
the former reaction and ' Dy for the latter reaction, are 
easily identified from the prominent ground band transitions. 

Fig. 6.9 shows a-particle spectia ubUinyd with gattts ^n r-ray 
lines in the spectra of fig. 6.8. Since the ground band of the 
even-even nuclei collects a substantial pent uf I.he total yield, 
these feeding regions are well established. The ^-strength in the 
odd nuclei is widely spread, piving less significance in these 
cases . The gated at-part icle spectra piovide the oppur tuni ty of 
determining excitation energy regions which are directly created 
in the transfer process. These energy regions appeal as the 
result of the balance between evaporation and if-decay. 

Fig. 6.9 shows that the two heaviest products have fan ly well 
separated feeding regions, illustrating that nention evapui a 1.1< >n 
is favoured compared to T-decay. when both pi • ice^es aj'e 
energetically possible. When more than one neutron evaporate, the 
associated spectrum becomes more like a Gauss i an d r.s ti i bur. j on . 
indicating the competetion between xn and (x+l)n channels. 

Putting gates on the prominent feeding reg ions of tig. ') . 9 , t he 
f-ray decay patterns of various Dy nuclei are studied. Mainly 
tht ee groups of T'transi t ions are observed: ii) Ytast itaiisitions 
(the 2 - 0 transition is not observed <iut- t^ the cut- •;[[ in the 
T-ray spectrum), (ill decay of vibrational band states into the 
ground band (with a y-r^y energy of ai ound 1 MeV) and ( J U ) 
higher energy transitions feeding into the ground ur vibrational 
states. 

In fig. 6.10 the intensity for each nucleus is normalized to the 
4 - 2 yrast transition of th^ corresponding nuclei. 



Dy< He.dxn) Dy 

34 

I f6,'Dy 

V Ljl n. \ ] u u u 

TOTAL 4<»0 
PROJECTION 

20 30 40 50 60 20 30 40 50 

ALPHA - PARTICLE ENERGY [MeV] ALPHA - PARTICLE ENERGY [MeV] 

Fig. 6.9 Alpha-spectra produced with gates on T-ray line 
belonging to various Dy-isotopes. 
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Fig . 6.10 Leve 1 schemes represent ing nne iow exciLdlj-jfi energy 
reg ion of the decay i"u tos diul the i at enn i f i >.•:; .,1 t h>-
varlous transit ions. 

The two uppet .srheiues show th^ t. 1 uns 1 t i 
u *.w 162,, by the D 
162. 160, 158. 
by the Dy ( He,a) reactiun. The < hi i-!«- luWci -̂ uheii 

Dy nuc 1 e j wluch are t. lie pi ̂duel's of 1.he 
reaction. 

The x = 0 channel of Dy( He.axri) reaction shuws t he lir-ay -.if 
high Lying (E > 2 MeV) levels in Dy, which teed int.. the 
ground band either directly or via vibrational bands. B«jth routes 
have near ly the same strength. F^r the x -= 2 charme 1 L.j Dy, a 
direct feeding into the ground hand seems to be f «voured. 
Generally. the strength of the decay rout« which g^es via 
vibrational bands, seems to decrease as the number of emitted 
neutrons increases. Population of higher spin states for th« 
Lighter reaction products could explain this behaviour. 

The "V-decay patterns of the Dy nuclei show interesting features 
which are studied further by the help of Nal spectra. It is 
observed that the heavier reaction products of both r eat ions 
iewfli some d--v;aT \- ns from t n^ ri-ii î f 1 u •. expecf .-if i-;ns Two 
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bumps are observed in these spectra. The first one, which is 
observed in even-even products, is centered around a T_ray energy 
of 1 MeV and the second one is centered slightly above 2 MeV. 
These bumps have been observed earlier in the decay pattern of 

3 4) highly excited rare earth nuclei ' 

'63Dy(3He,a),62Dy 
E„ = 4.5 - B.2 MeV 

,62Dy(3He,a),6,Dy 
3.0 - 6.5 M B V 

Fig. 6.11 Unfolded Nal spectra at various excitation energies in 
1 6 2Dy and 1 6 1Dy. 
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A theoretical investigation based on a Feimi-y<is modul calcula
tion of an even-even system shows that the 1 MeV bump 
may originate from the transitions between the lowei lying states 
in the two-quasiparticle region (E N 2 MeV) to the /lbiational 
band states and from the vibrational states to the ground band 
states. The 2 MeV bump may occur due to the direct feeding into 
the ground band. 

Fig. 6.11 shows the x _ r a Y spectra trom the Nal detectors. These 
spectra belong to the x = 0 channels of the reactions leading to 

Dy and Dy. Apart from the prominent yrast peaks, the 
unfolded spectrum of Dy reveals a high intensity 1 MeV bump 
together with a less significant bump centered around 2 MeV. The 
1 MeV bump contains less strength in Dy. We estimate that the 
1 MeV bump of Dy represents 20 % of the total ; uteris n / . This 
result agrees with the 22 % obtained from the Ge(Li) spectrum in 
fig. 6.10. 

Institute uf Physics. University of Bergen. Beigen. Norway 

R e f_er ences 

1) Annual Report 1984. Report 85-07. Institute of Physics. 
University of Oslo, p. 33 

2) Annual Report 1984, Report 85-07, Institute of Physics. 
University of Oslo, p. 26 

3) A. Henriques et al., Phys. Lett. 130B (1983) 171 

4) M. Guttormsen et al., Phys. Rev. Lett. 52 (1984) 102 

5) M. Guttormsen et al., Phys. Scripta. in press 
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t, .2.4 Monte Carlo Simulation of Statistical T-Decav 

J.B. Olsen, A. Atac. M. Guttormsen, S. Messelt, 
T. Ramsay and J. Rekstad 

The fdecay from low spin states at high excitation energies in 
Yb has been simulated using Monte Carlo techniques. The 

iJi ubabi i lty for decay from a state at E to E - E is governed 
ny : I.f 1 unction 

P I W - ET P<V V" 
where p is the level density given by the Fermi gas model. A mors 
.letaiied description of the method is given elsewhere 

The v i coincidence relations are shown in fig. 6.12 for various 
e / m a l ion energies E . The plots show no clear relations except 

Ex=3lv1eV 

M ''t-,. 

E;4MeV 

t^Sk 

Ex-5MeV E„=6MeV 

EY[Mev] 
*j amma-gamma correlation plots for various excitation 
energies. 



the i n t e n s e i i n e a l o n g E . + E .-, " E . T h i s i s an ^dUit a ih i iny 
y i y z x 

feature of T -decay, involving low T^ray multiplicity 11 orn a well 

defined excitation energy. 

From the intensities ot fiy. 6.1J we can obtain jra^tm. 

the T - r a Y multiplicity d ist r ibu 11. > «ri PiM.l. The couni J w i n 

E + E - w E are connected with multiplicity M - Å. 

T M P(M i 
i (E^, + E 0 < E ) '• " y ^ y 

\ { Z , l + E

T 2
 N V 2 P ( M T " 2' 

<M > P(M = 1 I 
T _ T 

2P(M - 2) 2PIM - J) 
T T 

Here. the average multiplicity <M > can be determined f i om we < 1 
1) Known methods . Furthermore, in the stal istirai i<-ujoii M » 

I 
events are very seldom. From the equation abovt:. aB^uimn^r 

P(M - 1) << 2P(M - 2 ) . the PI obabi 1 it.-/ of uhseiv.trj inu 11 n> i i •' i; 

M - 2 events can be measured. The technique hae h..:i •/<-: be-: 

applied on experimental data. 

M. Guttormsen et al.. Physica Scripta. jn M ( 
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170v 6.2.5 Gamma-Decay of Highly Excited Yb Nuclei 

J.B. Olsen, A. Atac. M. Guttormsen. S. Messelt. 

T. Ramsay, J. Rekstad, L.A. Renning. T.F. Thorsteinsen 

and G. Løvhøiden 

An important source of information on hot nuclei is the T-decay 

following single neutron ..ransfer. 

The experimental set-up was based on standard techniques using 

the 1 7 1Yb( 3He,a) 1 7 0Yb reaction induced by 45 MeV 3He particles. 

The a-particles were identified and measured with four E + AE 

telescopes. Around the target chamber several Ge and Nal counters 

were placed to detect coincident T -rws. 

Nal spectra, 1 7 0 Yb 
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170 Fig. 6.13 Mai spectra from various excitati. . regions in Yb 
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Fig. 6.13 shows the Nal spectra in coincidence with cx-particlea 
corresponding to the excitation regions indicated. At the right 
side the T_i"ay spectra unfolded by the Nal response function aie 
shown. Below E N 0.5 MeV we recognize the yrast transitions. 
The strongest feeding is from the Ge spectra found to be into the 
4 ground band state. This is consistent with the pick-up <»t 
neutrons from hg,,. 113/9 a n c ' n1i/2 orbitals. which contain the 
most favoured transfer strengths in the ( He,a) reaction. 

An outstanding feature of the T-spectra is the appearance of r _ 

ray bumps. Most prominent is the 1 MeV bump. which has been 
studied earlier. Fig. 6.14 shows that the energy ot this bump is 

Fig. 6.14 Position and intensity of the 1 MeV bump as function of 
excitation energy. 

independent of excitation energy. It is surprising to note that 
from the E ~ 3 MeV region 2 - 3 T-rays have eneigies around i 
MeV. This represents a severe deviation frum the assumption of 
purely statistical decay at this excitation energy. 

In the E - 4.1 MeV to 6.8 MeV region the T-ray yield abov* E 
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1 MeV resembles a statistical continuum. However, in the highest 
gate we observe a 2 MeV and a 3 MeV bump with considerable 
strengths. These observations indicate that certain decay routes 
appear in the cooling from high excitation energies. The 
mechanisms behind this non-statistical cooling is not clear to 
us, and new experiments are planned for further investigations. 

A 
Institute of Physics. University of Bergen, Norway 
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6.2.6 Selection of High-i States above E -J3 

L.A. Rønning. A. Atac. M. Guttormsen 

J. Olsen, T. Ramsøy. J. Rekstad. 

G . L . Løvheiiden 

S. Messe It. 

T.F. Thorsteinsen and 

In this work we propose a new technique to study the T-decay of 

high-j hole states located above the neutron binding energy. At 

these excitation energies the neutron emission usually completely 

dominates the decay. However. a proper react ion/target combina

tion can be chosen to obtain significant hindrance factors from 

high neutron angular momentum transfer. 

—, 144 3 143 3 
The oc-spectrum from the Nd ( He , <x) Nd reaction with E( He) 
40 MeV and 9 - 5 0 is shown in fig. 6.15. This reaction favours 

E„(MeV) 8 

990 950 1000 

CHANNEL NUMBER 

UBS 

144 3 1 43 
Fig. 6.15 Alpha-spectrum from the Nd( He,a) Nd reaction 

high-i transfer and the strong particle groups seen in the 

spectrum åre mostly due to h,, - transfer. Therefore, the average 

spin at high excitation energies is expected to be I ™ 11/2. 
142 

However. the Nd nucleus populated after neuuon emission 

constitutes only low spin states below MeV. Thus. we 



obtain the very unfavoured 

carry high angular momentum 

energy (E < 2 MeV). 
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situation that the neutron should 

(1 w 5) and. at the same time, low 

This hindrance effect is indeed apparent in the T-ray multipli

city spectrum shown in fig. 6.16. The slow drop of the multipli

city curve for E > B manifests that T-decay within Nd 

850 980 958 1690 

CHANNEL NUMBER 

Fig. 6.16 Gamma-ray multiplicity spectrum (B = 6.1 MeV) 

Ex=6.0-7.9MeV 

t r ø £6øe 3eee «eee sen. 6røe 7we 

GAM MA-RAY ENERGY(KoV) 

F i g . 6 . 1 7 U n f o l d e d Nal s p e c t r u m f rom E - 6 . 0 - 7 . 9 MeV i n 
143, Nd. 
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still occur. This is also evident in the unfolded Nal spectrum of 
fig. 6.17. The spectrum is projected with window on the a-
spectrum corresponding to the excitation energies indicated. The 
large amount of T~*~*YS with energies > 2 MeV shows a strong 
competition with neutron emission. 

An analysis to determine the T-|3ecay branch at t > B is in 
progress. 

* Institute of Physics. University of Bergen. Norway 
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6.2.7 Statistical Gamma-Decay in 3-d Shell Nuclei 

M. Guttormsen. A. Atac. F. Ingebretsen. S. Messelt, 

J.B. Olsen. T. Ramsøy, J. Rekstad. L.A. Rønning, G. 

Løvhøiden , T. Rødland and T.F. Thorsteinsen 

The f_|iecay of heated nuclei in the rare earth region is overall 

well described using statistical models. However, for lighter 

nuclei the level density is low and one should expect deviations 

from a statistical cooling of the nucleus. In the present work we 

have investigated nuclei in the s-d shell, which may be conside

red as a limiting case for a statistical description of the decay 

process. 

3 
The experiment was performed using 45 MeV He ions from the Oslo 

27 2 

cyclotron. A self supporting Al foil of 2 rag/cm thickness was 

used as target. The set-up was designed to measure T-i"ays in 

coincidence with outgoing charged particles. Four AE, E particle 

telescopes with thicknesses 150 um and 3000 (im. respectively, 

were used. The y—rays were detected with five 5" x 5" Nal 

counters. 

The particle spectra have been studied by gating on specific x~ 

rays in residual nuclei after subsequent particle emission. Figs. 

6.18 and 19 show such spectra. Above the proton binding energy of 

Al the neighbouring Mg nucleus is populated, as seen in 

fig. 6.18. The a-particle distribution related to the population 
+ 25 

of the 1/2 (585 keV) level in Mg has more than a 5 MeV overlap 

with the a-particles leading to This extended range of a-

particle energies in Mg is caused by fast protons leaving Al. 

In the (T.T) reaction (fig. 6.19) an interesting situation occurs 

when the t-particles from Al and Mg overlap in energy. Here, 

even 5 MeV above the proton binding energy the 7/2 (2210 keV) 
27 

level in Al is populated. This means that the T _ uecay following 

inelastic scattering competes facourably with proton emission. 
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SD 35 tO 45 

PARTICLE ENERGY [MeV] 

Fig. 6.IB Alpha-spectra obtained 
by gating on various 
T-ray transitions in 
the residual nuclei. 

Ai Å<*^° 

,w v \ 
PARTICLE ENERGV [MeV] 

Fig. 6.19 Tau-spectra obtained 
by gating on various 
f-iay transitions in 
the residual nuclei. 

The experimental T-ray multiplicity as fund, ion ol excitation 

energy is shown in fig. 6.20. Tne solid cutves represent the 

I '5 

! ,AI (x.oO^Al 

GAMMA-RAV MULTIPLICITIES 

"AI(T.T)"AI I "AI (T. I ) 2 7 S. 
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1 ...1 Ai 

2 7 , Fig. 6.20 Gamma-ray multiplicity spectra from the A1(T,aT 
2 7 M ( T . T T ) and 2 7 A 1 ( T , tT) reacti 

energies are indicated by arrows 

27 27 
M ( T . T T ) and Al(T.fr) reactions, ihe proton binding 
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results of a Monte Carlo simultation. In the Al and Si cases 
the Fermi gas model describes the observed multiplicities for 
excitation energies down to 2 MeV. However, the (T,T) curve shows 
a step-like behaviour quite at variance with the predictions of 
the Fermi gas model. The slow fall in multiplicity above E - B 
verifies that a substantial part of the decay proceeds through T~ 
ray emission instead of proton emission. 

The lower part of fig. 6.21 shows spectra from simulations of 
cascades starting from the region E = 4.5 MeV - 5.5 MeV. A 
striking feature of the calculated spectra is the low number of 

GAMMA-RAY ENERGY E Y [MeV] 

Fig. 6.21 Gamma-ray spectra. The theoretical unfolded spectra 
have heeri calculated assuming Fermi gas conditions. The 
spectra in the middle part have been folded using the 
Nal response function. The upper spectra are the 
experimental raw spectra measured with the Nal 
counters. 

Y-rays with energy around 1/2 E . The calculations predict an 
intinsity reduction of a factor of 10. compared to the maximum 
which is found around 4.5 MeV. In the spectra folded by the Nal 
response function this intensity reduction remains as a fingei— 
print of statistical T-decays in these low level density systems. 
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The experimental T —ray spectra are shown in the upper part of 

27 fig. 6.21. While for Al there is no sign of intensity loss in 
the 2 - 3 MeV region, the Al nucleus indeed reveals some di up 
in intensity. 

27 The deviation from a statistical decay pattern for Ai is du*- :• 
the reaction used. The inelastic scatter ing i 3 likely to popu lat <-
vibrational states. The foilowing -r-decay is fast and compeles 
strongly with proton emission. Thus, provided that r_he t-decay 
occurs within the relaxation time of the sysl em. states uf 
vibrational character wi11 be populaled in th« pi octeding f-ray 
cascade. Such a selectivity of states both in the reaction 
channel and in the Y~d e c ay could explain the non-star iar i c.n ; 

27 27 behaviour found in the AI ( T . T ) Al reaction, 

* 
Institute of Physics. Umversi ty of Bergen, Norway 



6.2.8 Gamma-Ray Spectroscopy of * * 
J. Kownacki . T. Batsch 
T. Ramsay and J. Rekstad 

89 
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Zelazny , M. Guttormsen. 

The analysis of the T -T coincidence experiment using the 
Rb(<x,2n) Y reaction is now almost completed. Two important 

gated spectra are shown in fig. 
spin structures built on 

6.22. They represent two high-
the = 9/2 isomer located 

E = 909.4 keV. The most likely interpretation is the (ng„ _) 
conf iguration. 

at 
3 

J/.-1-t 317 KUV „!'.-: iAi KeV 

CHAflNi-i. NUHBhH 

Fig. 6.22 Gated T-T~coincidence spectra. 

Around 5 MeV excitation energy these structures seem to termina
te, and low f"ray transitions are appearing. In the planned next 
experiment we will investigate if these states are of isomeric 
nature. 

Institute of experimental Physics, Warsaw University, Poland 
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6.3 HIGH-SPIN PROPERTIES OF NUCLEAR STATES 

190-194 6.3.1 High-Spin Structure of Ha. .«id the Cranked She I I 
Model 
H. Hubel*. A.P. Byrne , S.Ogaza * * * * * * A.E. Stuchberg . G.D. Dracoulis and M. Gult'ji'riirfen 

190-194 The neutron deficient Hg isotopes reveal shaip backben-
dings at low rotational frequencies. This is due to low Qvi„.~,-, 
orbitals close to the Fermi surface. At highei frequencies also 
the nh. proton orbitals participate in the yras'. cviif lgura-
tions and make these nuclei interesting objects of muitiquasipar
ticle studies. 

High-spin states 
170_ ,24,26„ 

Er( Mg.xn) 

190-194„ in Hg were investigated using the 
and 1 8 4 , 1 8 6 W ( 1 3 C . x n ) reactions. The level 

schemes in all five nuclei were extended to considerably hiqher 
spins and new band intersections were found. Fig. 6.23 i 1 lus;: d-

193 tes the amount of new information for the Hg nucleus. 
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Previously, this nucleus was known only up to states located 
around 3 MeV of excitation energy. The nuclear structure of these 
high spin states were interpreted within the cranked shell model. 

194 The third backbending in Hg was discovered and is probably due 
to the crossing of the '"I13/2' 4 2 

band with a ("1,3/2' ( n h l l / 2 ) 

band. In fig. 6.24 an alignment plot for the even-even 
190.192.194. Hg is shown. The negative parity bands (dotted lines) 

tute f 7 / ? or hg., quasiparticles coupled to one or more 
quasiparticles. A new irregular band marked T could be a '13/2 

manifestation of so-called terminating bands 
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Fig. 6.24 Aligned angular momentum as a function of rotational 
- - 190.192.194„ 
frequency for Hg 

This work has been submitted to Nuclear Physics. 

Institut fur Strahlen- und Kernphysik. University of Bonn. 
W-Germany 

Department <if Nuclear Physics. The Australian National 
University. Canberra. Australia 
Institute of Nuclear Physics. Cracow. Poland 
University of Melbourne. Parkville. Australia 
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6.3-2 High Spin State in 1 ? 2 W 
* * * 

B. Herskind , J.J. Gaardhøje . J.D. Carrett , 
* * * * * A * 

G.B. Hagemann , A. Holm . J. Bacelar . F.J. Twin 
* * * * ***** 

J.F. Sharpey-Schafer . J.C. Lisle 

J. Willmot* * * and P.O. T.iuni 

The nucleus ' W has been populated thiouuh r hie Nd i " S 4n) 

reaction with an bombarding energy of 152 MeV at the Nuclear 

Structure Faci 1 ity of Daresbury . Gamma-r ay coine idenced wet e 

measured with the Compton suppressed detector TE53A II. Events 

were measured both with unbacked targets and with targets backed 

with Pb and Au. From the discrete line data the level scheme has 

been extended with two new bands, and the previously known bands 

have been extended in spin up to 30 for the yiast sequence. 

The large splitting in excitation energy between the 

(n,a) - (-,0) and (-.1) conf igut at ions in this and oilier N = 98 

isotopes is a result of the large decoupling parametei associated 

with the 1/2 [521] Nilsson configuration, which is near tne Feimi 

surface for N - 98. 

Differences in the relative exe i r at ii-.ns i.t the t * . (M ^nd 

negative-parity aecay sequences between Yb and w probaoiy 

are associated with deformation changes fot these lsot.ones. 

Niels Bohr Institute. Univei sity of Copenhagen. D̂ nni-u k 
* 
Lawrence Berkeley Laboratorium. Ca 1 if or nia. U.S.A. 

Science and Engineering Research Cuunci 1 . Daresbury 

Laboratorium. U.K. 
* 
01 iver Lodge Laboratory, The Uni *er si ty of Liverpool, U.K. 
* 
Schuster Laboratory. University of Manchester . U.K. 
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6.4.1 Weak Beta Branches in the t- .- Mirror Nuclei * '' *• ** ** S. Messelt, K. Eskola , J. Ssto . J. Honkanen 
P. Taskinen 

Two beam periodes. each of one week, were scheduled for the 
Finish-Norwegian collaboration last year. Both periodes were used 
to extend a systematic study of weak p-branches in the f 7 /, 1) nuclides . Both He-jet and p-y coincidence techniques were 
applied. A method based on counting the number of daughter atoms 
which were ejected from the source by recoil due to positron 
emission in the parent B—decay, was investigated. The efficiency 
of catching the daughter recoil atoms seems to be high enough for 
branching ratio measurements in cases where the usual technique 
of measuring the (delayed T_i"ay) / (annihi lation T-*"ay) ratio is 
not practicable. 

*Dept. of Physics. University of Helsinki, Finland * * Dept. of Physics, University of Jyvaskyla, Finland 

K. Eskola. A. Hautojarvi. K. Vierinen, J. Honkanen. 
P. Taskinen and S. Messelt. JYFL Annual Report 1985. p. 45 
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7 THEORETICAL NUCLEAR PHYSICS 

The aim of our work in nuclear theory is to understand the many 

features of nuclear structure revealed in nuclear reactions. Some 

efforts åre devoted to the calculation of nuclear properties frum 

f irst principles. This involves calculating the effective 

interaction, using many-body perturbation methods. Huwever, out 

nuclear structure work also employs phenomenologica1 models, such 

as the shell model and various collective models. In partioulai . 

much work has been devoted to the particle-rotor model and is 

closely associated with our experimental work. A new interest 

added to our program during the last few years is the structure 

of highly excited states studied experimentally in the eye lutron 

laboratory. 

7.1 MANY-BODY THEORY 

We have studied the nuclear many-body pioblem both m infinite 

nuclear matter and m finite nuclei. Nuclear matter may be 

considered a testing ground for the m<>re complex, mauy-body 

prob i em of finite nuclei. On the ot her hand . nuc 1 <=-ai mat r er is ari 

interesting quantal many-body system in its own nuns., of 

particular interest to us has been the equation of state fot 

nuclear matter. which is important for our understandinq of such 

diverse phenomena as high-energy heavy-ion collisions and 

supernova explosions. Our work on the many-body problem of finite 

nuclei mainly concerns the derivation and testing of the shell-

model effective interaction. 

7 - 1•1 The Compression Modulus of Nuclear Matter 

G.E. Brown and E. Osnes 

The compression modulus of nuclear mattet is determined f i • ,m 

Fermi liquid parameters and the Landau sum rule to ue K =-

106 MeV. This is only about half of the commonly accepted value. 

It is surmised that this low compression modulus results from the 

pi^^ence of "soft" c or relations i nvo , vi nu par t- i • . .- ••>.,-• i:. a ' i • t, 
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from just below to just above the Fermi surface. Indeed, in a 
calculation which handles these correlations carefully, a 
modulus of 86 MeV results, even though the extremely repulsive 

21 Bethe-Johnson force was used. Another calculation which 
includes the right ingredients, finds K - 72 MeV. A paper on 

3) this work has been published . 

4) The high previously accepted compression modulus was determined 
from the position of the giant monopole resonance in a number of 

+ 208 
nuclei. We have reanalyzed the 0 resonance in Pb. Introducing 
effects of particle fractionation, we show that the compression 5) modulus deduced from this for nuclear matter can be very low 

In order to get a handle on the equation of state for nuclear 
matter we have also evaluated the compression modulus from a 
realistic G-matrix interaction both at normal nuclear matter 
density and at twice normal density. We obtain an adiabatic index 
of about 2 in this density interval. The results of this work are 
presented in a preprint 

State University of New York. Stony Brook. USA 

1) A.D. Jackson. E. Krotscheck, D.E. Meltzer and R.A. Smith, 
Nucl. Phys. A386 (1982) 125 

2) W.H. Dickhoff. A. Faessler. H. Muther and S.S. Wu, Nucl. 
Phys. A405 (1983) 534 

31 G.E. Drown and E. Osnes, Phys. Lett. 159B (1985) 223 
4) J.P. Blaizot. D. Gogny and B. Grammaticos. Nucl. Phys. A265 

(1976) 315 
5) G.E. Brown and E. Osnes. 1985 Stony Brook Preprint 
6) G.E. Brown and E. Osnes, 1985 Stony Brook Preprint 
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7.1.2 Causal Constraints on the Nuclear Equation of State 
E. Osnes and D. Strottman 

The constraints imposed by causality on the nuclear equation of 
state at high density and temperature a.re examined for various 
phenomenological and Skyrme interactions. For the Sill interac
tion the adiabatic speed of sound becomes super luminal at 3.9 and 
3.6 times normal nuclear density for interna! energies of zero 

+ and 200 MeV per nucleon. respectively. Foi the more recent SkM 
force the corresponding numbers are 9.3 and 7,8. For the Sierk-
Nix equation of state which was designed to be consistent with 
causality at infinite density and zero temperature, the speed of 
sound may become superluminal at high temperature, but only at 
very high density. A paper on this work is under publication 

Los Alamos National Laboratory. Los Alamos, USA 

1) E. Osnes and D. Strottman. Phys. Lett. B. in press. 
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7.1.3 Control of Repulsive Core Regularization 

B.G. Giraud and E. Osnes 

Some years ago we showed that when a potential V(r), which is 
local and repulsive for small interparticle distances r and 
singular at r - 0. is truncated into a potential bounded by V(e) 
where s is small, the corresponding two-body binding energy 
E(e) differs from the exact binding energy by less than 

-1/2 (const) • [V(e) ) . This enabled us to define an upper-bound 
variational procedure for obtaining the two-body binding energy. 
In the present work we show that the correction of the A-body 
binding energy due to the truncation of the singular potential at 
r - E is of the order of 

A(A - Dexp0.65 [V(s)] 3 / 2[dV(e)/de] _ 1 

or less. This result is used to derive a generalized variational 
principle for the A-body energy based on Padé approximants. 

CEN-Saclay, France 

1) B.G. Giraud and E. Osnes. Phys. Hev. C16 C1977) 453 
2) B.G. Giraud and E. Osnes. Phys. Rev. A32 (1985) 64 
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7.1.4 Realistic Effective Interactions in Nuclei 

E. Osnes and T.T.S. Kuo 

We review the efforts made over the last two decades to 
calculate the effective interaction for the nuclear shell model, 
starting from the free nucleon-nucleon interaction and using 
many-body theory. We begin by a brief description of the 
interactions and the many-body methods used. Then, we review the 
early calculations of the effective interaction based on the 
phenomenological nucleon-nucleon potentials obtained from fits to 
two-nucleon data by Hamada and Johnston and by Reid. We go on to 
discuss the results obtained with the more recent Paris and Bonn-
JLilich potentials derived from meson-exchange theory. In 
particular, we point out how serious problems encountered in tlio 
early calculations, such as the slow convergence of the interme
diate-state summation in various perturbation diagrams, have be«n 
resolved in the recent calculations, due to a weakening of the 
tensor-force component in the new interactions. Thus, we believe 
that one can have some confidence in the effective interactions 
obtained. In fact, these seem to be well described by the second-
order approximation introduced by Kuo and Brown some 20 years 
ago. Compilations of useful effective interaction matrix elements 
throughout the periodic table will be given. 

State University of New York. Stony Brook. USA 

1) E. Osnes and T.T.S. Kuo, Physics Reports, to be published. 
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7.1.5 Calculations of the Effective Interaction in Nuclei 

from Meson-Exchange Potentials 
P.J. Ellis , T.T.S. Kuo and E. Osnes 

Early work on effective interactions in nuclei was carried out 
using phenomenological NN interactions which are parameterized 
and fitted to the two-body data. The Hamada-Johnston and Reid 
potentials have. for instance, been widely used. In recent years 
more fundamental potentials have become available which are based 
on meson-exchange theory, contain few adjustable parameters and 

1 2) 3) 
yet give comparable fits to the data ' . It has been found 
that with these potentials the important second order core-
polarisation diagram can be approximated quite well by including 
excitations of 2-fiu oscillator energy only. This is a welcome 
simplification from the phenomenological potentials which 
required excitations of up to w 10 fuo due to their strong tensor 
interaction. 

It then becomes important to see whether our other ideas 
concerning the effective interaction remain intact when the 

4) meson-theoretic potentials are used. A few years ago we 
employed a multiple scattering formalism to include essentially 
all important long-range correlations to all orders and obtained 

18 IB 5) 
good fits to the 0 and F spectra. More recently we have 
examined the cancellation of the two third order number-conser-

21 ving sets of diagrams using the Paris potential . The magnitudes 
of the sums of these diagrams are a little larger than for the 
phenomenological potentials , even though the relative cancella
tion is somewhat improved. However, it is felt that the cancella
tion is not sufficiently accurate to be really useful. Thus, it 
is suggested that the number-conserving sets be included in a 
partial summation scheme at an early stage. An alternative 
approach would be to treat the large folded diagram members of 
the numbei—conserving sets separately from the non-folded ones. 

We also are in the process of calculating all the third order 
diagrams with the new meson-exchange potentials, in order to see 
if the ordei—to-order convergence of the effective interaction 
can be improved over that obtained with the phenomenological 
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University of Minnesota. Minneapolis, USA 
State University of New York. Stony Brook. USA 

1) M.R. Anaatasio, A. Faessler. H. Miither. K. Holinde and R. 
Machleidt. Phys. Rev. CIS (1978) 2416. 

2) M. Lacombe. B. Loiseau, J.M. Richard. R. Vinh Mau, 0. Cote, 
P. Pires and R. de Tourreil. Phys. Rev. CJLL (1980) 861. 

3) M. Sommermann. H. Muther, K.C. Tarn. T.T.S. Kuo and 
A. Faessler. Phys. Rev. £23 (1981) 1765. 

4) S. Chakravarti, P.J. Ellis, T.T.S. Kuo and E. Osnes, Phys. 
Lett. 109B (1982) 141. 

5) E. Osnes. T.T.S. Kuo and P.J. Ellis. Bull. Am. Phys. Soc. 30 
(1985) 705; 
P.J. Ellis, T.T.S. Kuo and E. Osnes. Phys. Scripta 32 (1985) 
491. 

6) B.R. Barrett and M.W. Kirson. Phys. Lett. 30B (1969) 8 and 
Adv. Nucl. Phys. 6 (1973) 219; 
P.J. Ellis. A.D. Jackson and E. Osnes. Nucl. Phys. A196 
(1972) 16. 
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7.1.6 Nucleon-Mucleon Effective Spin-Isospin Interaction 

G.E. Brown . E. Osnes and M.Rho 

We find no attraction at finite momentum in the spin-isospin 
effective interaction. As a consequence. we expect neither 
critical opalescence phenomena in the pionic channel nor pion 
mechanism for the EMC effect. We argue that the works in the 
literature which predict softness in the pionic channel employ a 
too small coupling constant for the p—meson to the nucleon and 
handle the screening through coupling to isobar-particle, 
nucleon-hole states incorrectly. A paper on this work has been 
published 

•State University of New York, Stony Brook. USA 
CEN-Saclay, France 

1) G.E. Brown. E. Osnes and M. Rho. Phys. Lett. 16.3B (1965) 41 
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7.1.7 Hartree-Fock and Shell-Model Calculations in the (sd) 

She 11 with Realistic Effective Interactions 
F. Brut , E. Osnes and D. Strottman 

We have performed projected Hartree-Fock and shell-model 
calculations of the positive parity states in the A = 21 nuclei 
using three different realistic effective interactions. One of 
these was evaluated in the so-called screened Tamm-Dancoff 
approximation using the Htamada-Johnston potential while the 
other two were evaluated from the Bonn-Julich and Paris potenti
als including essentially all important long-range correlations 

2) to all orders . The HF and shell-model spectra are fairly close 
to each other and show reasonable agreement with the experimental 
spectra. Also, the results compare favourably with those obtained 

3) using the Kuo-Brown and Preedom-WiIdenthal interactions 
Further, the HF calculation approximately reproduces the results 
of particle-rotor model calculations and thus accounts for the 

4) rotational features of these nuclei . A complete report is being 
written up 

* 
Institut des Sciences Nucléaires. Grenoble. France * * Los Alamos National Laboratory. Los Alamos. USA 

1) T.T.S. Kuo and E. Osnes. Nucl. Phys. 4226 (19741 204. 
2) S. Chakravarti. P.J. Ellis. T.T.S. Kuo and E. Osnes. Phys. 

Lett. 109B (1982) 141. 
3) F. Brut. N. Mankoc-Borstnik and S. Jang. Nucl. Phys. A304 

(1978) 429. 
4) E. Osnes and F. Brut in Proc. Inu. Symp. on Nuclear Shell 

Models. Philadelphia. 1984. ed. M. Vallieres and B.H. 
Wildenthal (World Scientific. Singapore. 1985) p. 711. 

5) F. Brut. E. Osnes and D. Strottman. to be published. 
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7.2.1 Population of Non-Coherent Intrinsic States in 
Anomalous (t.p) Monopole Transfer .on Odd-Mass Rare-
Earth Isotopes 
T. Engeland and J.S. Vaagen 

Recently "anomalous" L =• 0 transfer patterns have been reported 
for (t,p) reactions at ECbeaml » 15 and 17 MeV on the odd-mass 
rare-earth nuclei 1 6 1 D y ( 5 / 2 + ) g s . 1 6 7 E r ( 7 / 2 + ) g g and 1 7 9 H f ( 9 / 2 + ) g s . 
The fragmentation of the transition strength changes markedly 
from one isotope to the next. In Hf only a single strong L « 0 
transition is observed to a level at 600 keV: in Er there are 
two transitions of relative strength 100 % (244 keV) and 31 % 
(805 keV); while in Dy four strong transitions. 100 % (251 keV), 
23 % (1831 keV). 30 % (1937 keV) and 37 % (2053 keV) are 

2) observed . Transfer reactions on these nuclei are of particuiat 
interest since the ground states correspond to the [642)5/2 . 
[633)7/2"" and [624J9/2 + members of the fan at deformed orbitals 
originating from the high-spin i.,., spherical orbit. Further
more, these are the only nuclei with ground states of such 
origin. 

In the experimental papers quoted above no explanation for the 
observed L = 0 patterns are given beyond a discussion of the 
leading transition to the lowest final state in the reaction. 
This simply corresponds to population of the [64215/2 . [633J7/2 
and 162419/2 band heads in the final nuclei Dy, Er and 
181 

Hf. The present work aims at an elucidation of possible 
reasons for the higher-lying L = 0 strength and the change in 
fragmentation from one nucleus to the next. A brief communication 3) has already been given 

Our ambition is to provide a nuclear structure argument tor the 
observed L = 0 transfer strength fragmentation. keeping the 
nuclear reaction part as simple as possible, that ol a one-step 
simultaneous transfer with a zero-range assumption. The same 
recipe is used for all L - 0 transitions. Thus one may probably 
at most hope for a semi-quant i tat i ve description of the relative 
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strength distribution for a given nucleus. 

A paper is under preparation. 

* 
University of Bergen. Norway 

1) D.G. Burke. J.C. Waddington. G. Løvhøiden and 

T.F. Thorsteinsen. Can. J. Phys. 62. 192 (1984). 

2) G. Løvhøiden. T.F. Thorsteinsen. L.A. Døsland, 

T. Kristiansen and D.G. Burke. Nucl. Phys. A437 (1985) 47. 

3) J.S. Vaagen and T. Engeland. Precommunications Niels Bohr 

Centennial Symposium on Nuclear Structure 20-24 May 1985. 

The Niels Bohr Institute, p. 112. 
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8 A P P U C J £ i m Q F j r H E _ . C ^ ^ 

8 . 1 PRODUCTION OF THE a-EMITTER 2 U A t FOR USE IN CANCER THERAPY * * * * * * * 
K. Steffensen . J. Alstad , T. Bjørnstad and T. Lindmo 

The production of At by the reaction Bi(a,2n) At has been 

studied, as a part of a Cand.scient. graduate work (in progress) 

at the Section for Nuclear Chemistry, in collaboration with Noisk 

Hydros Institute for Cancer Research (NHIK) . Lanel1 ing of 
211 monoclonal antibodies with the 7.21 h a-emitter At is of 

interest because of the possibilities of specific cancer therapy. 

The labelled monoclonal antibodies bind to antlyens on the 

tumour-cell surface, and, since the range in biological tissue of 

the a-particles from At and its daughter nucleus Po is 

typically three to five cell diameters, the destruction of normal 

cells is restricted to a very small region around the tumour. 

Metalic bismuth has been used as target material. Since the 

thermal conductivity of bismuth is lower than any i-ilhvi nwtal, 

except mercury. a very thin layer (typically a few hundred 

micrometers) ot bismuth on a cooled backing of e.y. cuppet . ir; 

needed to prevent melting of bismuth (m.p. 271.3 C) and escape >-L 

the volatile astatine during irradiation. However. at low beam 

currents l PO 200 nA), a thin bismuth metal tarye' , wrapped in 

aluminum foil and placed in air just outside the beampipe. can be 

used. In this case. the a luminum foil also catches the as t at mt-

atoins evaporating from bismuth during irradiation. rind their eby 

protects the personne1 against the cx-emi tters prouuceu. When a 

cooled backing is needed, a weak activity is produced in the 

copper backing <in̂  to fct.xn) reactions. 

The a-part lcle bombarding energy must, be kept beiow abuuf. 2ti Mr-V 
210 

Lo minimize production of the At, which decays to th" 
210 r e l a t i v e l y long- l ived 138-day Po, a nucleus r ep resp iUma a 

considerable health risk since the poionium a<"-'.umu 1 a tes in 

kidneys, spleen and 1 iver in patlents treated with astatine-

labelled monoclonal antibodies. 

Work ing wit h short i i ved nuclides 
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dependent on the frequent availability of a suitable accelerator. 
The importance of having such a facility situated at the 
University can hardly be exaggerated, since it makes this work 
and similar nuclear medicine projects possible. 

* Institute of Chemistry. University of Oslo * * Institute of Chemistry, University of Bergen *** Norsk Hydros Institute for Cancer Research, Oslo 
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8.2 THIN-LAYER-ACTIVATION METHOD FOR DETERMINATION OF WEAR 
AND/OR CHEMICAL CORROSION IN TANTALUM 
T. Bjornstad and T. Holtebekk 

Stacks of 20 Ra-f oi Is of thickness 15 |_im have been irradiated by 
34 MeV a-particles at the Oslo cyclotron. The nuclides Re and 
182m+gr, , ,_,, t 181- n . 

Re are then formed in the reactions Ta(a.2n) and 
181 

Ta(a,n), respectively. The depth differential activity 
distribution has been measured. 

The objective is to convert this distribution into an integral 
curve, relating the quantities "remaining activity" to "wear 
depth". This curve will constitute a tool for performing 
continuous in-situ measurements of tom~thicknesses of corrosjun 
and/or wear of tantalum by "the thin- layer-oc-act ivat ion method". 
However, in order to account correctly for the decay of the 
nuclides during the measurement sequences. new half-life 
determinations for the nucLides in question were found to be 
necessary. Especially the accepted value of 71 d for Re seems 
to be too crude. These half-life measurements are now under way. 

Institute of Chemistry. University of Betgen 
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9.1 NATURAL BACKGROUND GAMMA-RADIATION SURVEY 
T. Strand and A. Storruste 

In collaboration with The National Institute of Radiation Hygiene 
and The Cancer Registry of Norway a project for a large scale 
natural indoor ?-radiation survey in Norway is started. The goal 
is to find a possible correlation between the variation of the 
indoor natural background T-ra(iiation and the number of cancer 
victims registered in the different communities. The main 
collaborators in the project at the two institutes are respecti
vely dr.phi los. Erling Stranden and dr.phi los. Knut Magnus. 

A method based on energy uncompensated CaF,:Dy TLD crystals for 
1) use in large scale T-i~adiation surveys has been developed 

Calibration is performed directly against the average natural 
spectrum. 

It is found that the ratio of the low-energy (< 200 keV) to the 
high-energy (> 200 keV) exposure is nearly constant. This 
implicates an almost constant overresponse for CaF?:Dy. Calcula
tions and experiments support this assumption. 

The dosemeter is intended for postal delivery to the site of 
measurement. The dose contribution under transfer, the so-called 
"postal dose". is determined experimentally. In minimizing the 
total uncertainty, it is necessary to know the fading during 
exposure and the zero-dose TL reading. These are found experimen
tally. Elimination of the energy response filter simplifies 
packaging and handling requirements. The total uncertainty of our 
method, with 4 weeks exposure time, is estimated ot be about 6 $>. 

The National Institute of Radiation Hygiene, Baerum. Norway 

1 1 T. Strand and E. Stranden. Rad. Prot. Dos., Vol. 12, No 3 
(1985) 
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9.2.1 Solar Heating Systems 

Various systems under development and testing is described in a 
special annua) report . See also section 12.3.2 Scientific and 
technical reports - in this report. 

1) Solenergiforskning ved Fysisk institutt. Annual report. 1985. 
Report 85-31, Institute of Physics, University of Oslo. 

9.2.2 The .Computer Independent, .Intelligent GPIB Contro1 ler 
J. Wikne 

The desire to upgrade the data-acquisition system for the solar 
energy project to enable it to make use of the latest available 
microcomputers , without having to do extensjve hardware ana 
software modifications, prompted the development »if a new GPIB 
controller, the Computer Independent. Intelligent GPIB Control
ler. 

The basic concept of this controller is that it li'Oks like a 
simple parallel or serial I/O port as seen from the host 
computer . wh i <:h s imp ly sends high-level commands t •_. and receiver 
data from this port. Command decoding and all necessary GPIB 
protocol is achieved by means of local intelligence iti the 
control ler. This approach, which completely separates the GPIB 
software and bus protocol from the host computer, assures n 
controller that is truly computer and operating-system indepen
dent . 

The controller hardware consists of tin ee single Eurocrat «-!:••. 
connected together by the widely accepted G-64 buy ifig. 8.1) 
One card is the GPIB bus interface. using the TMSVJ14 GPIb 
controller chip from Texas Instruments, the second is a ZtfU based 
CP1J card from Gespac SA. which provides the ln-imi' pr <•< -=351 U-J 
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Fig. 8.1 Universal, intelligent GPIB controller, block diagram. 

power and room for PROM-contained firmware, the third one is a 
FIFO buffer card giving a flexible, asynchronous parallell 
interface to the host system. 

An obvious advantage of the system is the ease with which it can 
be made to mimic the instruction set of any computer's original 
GPIB controller, simply by rewriting some of the firmware. 

The prototype of the controller, with a simple monitor and 
firmware for ABC80-type GPIB instructions, became operative in 
October 1985. 

1) J. Wikne and M. Wangen. Annual Report 1984. Report 85-07. 
Institute of Physics. University of Oslo, p. 63. 
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9.3 WET BREATHING GAS 
* 

N.T. Ottestad and A. Storruste 

The work on the project Wet Breathing Gas has continued. 

Various prototypes of valves has been made by the firm Vinghøg 

Mekaniske Verksteder. Tønsberg. and have been tested at the 

laboratory of Ottestad, Tønsberg. A few main tests of the whole 

equipment have been performed at The Norwegian Underwater 

Technology Center(NUTEC). Bergen, where also the equipment for 

humidifying the breathing gas has been used in physiological 

tests. 

The project has been finacially supported by NTNF. In 1985 

STATOIL has stepped in as the main financial contributor and has 

also given good assistance and backing in various ways for the 

whole project. 

This year much of the work has been concentrated towards an 

equipment which can be used in connection with welding under deep 

diving. 

Ottestad Breathing System AS. Tønsberg. Norway 

Annual Report 1984. Report no. 85-07. Institute of Physics. 

University of Oslo. 



10 SEMINARS AND LECTURES 
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18.01 M. Guttormsen: Status for the NORD-BALL Project. 

25.01 J. Kownacki: In-Beam Spectroscopy in the Sr-Zr-Y-

Region: Present Status and Expect ions. 

29.01 Z. Zelazny: Total Cross Sections for K-Shell 

Ionization Induced by Charged Heavy 

Particles on Heavy Targets. 

01.02 T. Batsch: New Modules for General Purpose Data 

Acquisition Systems. 

22.02 J. Sandstad: The NMR Method for Medical Use. 

03.05 P.O. Tjørn: From the Stay in Berkeley. 

30.08 M. Guttormsen: How to Search for Phase-Transitions in 

Nuclei. 

? 3.09 J. Bar-Touv: Temperature Dependence of Collective 

States in Hot Nuclei. 

20.09 C. Choudhury: Use of Selective Coatings and Optimiza

tion of Design Parameters for Enhanced 

Solar Thermal Energy Collection. 

27.09 E. Osnes: Experience from Teaching at State 

University of New York, Stony Brook. 

04.10 E. Johansen: Report from the Summer School on Nuclear 

Dynamics. Netherlands. 

11.10 vang: Nuclear Research at Fudan University. 
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18.10 A. Atac: Temperature Dependent Effects in the 

1 4 7Sm( 3He, 4He) 1 4 6Sm Reaction. 

01.11 E. Osnes: Velocity of Sound in Nuclei. 

08.11 J. Rekstad: More about Future Perspective for a 
Research Park. 

15.11 E. Osnes: How Soft is Nuclear Matter? (I) 

29.11 E. Osnes: How Soft is Nuclear Matter? (II) 

06.12 T. Engeland: Shell-Model and Statistics. 
Random Matrices (I) 

13.12 T. Engeland: Shell-Model and Statistics. 
Random Matrices (II) 

> 
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Long-term visitors are listed 

Sect. 10. 

The following visiting sci 

ments at the cyclotron: 

University of Bergen: 

University of Helsinki: 

University of Jyvaskylå: 

Warsaw University: 

The following visiting sci' 

theoretical activities at the 

University of Bergen: 

Ben-Gurion University: 

in Sect. 2. and guest lectures in 

entists have participated in experi-

G. LOvhøiden 

T. Rødland 
T.F. Thorsteinsen 

K. Eskola 

J. Rystb 

J. Honkanen 

P. Taskinen 

T. Batsch 

J. Kownacki 

Z. Zelazny 

sntists have participated in the 

Section for Nuclear Physics: 

J. Vaagen 

J. Bar-Touv 



12 COMMITTEES. CONFERENCES AND TALKS 

12.1 COMMITTEES AND VARIOUS ACTIVITIES 

External committees and activities only are listed. 

T. Engeland Member of the board of the Norwegian Physical 

Society (NPS). 

Chairman of the Nuclear Physics Committee of NPS. 

Member of the Council of the European Physical 

Society. 

Referee for Nuclear Physics and Physics Letters. 

K. Gjøtterud Referee for Nuclear Physics and Physica Scripts. 

Member of "International Committee of Scientists 

for Soviet Refu3niks". 

T. Holtebekk Chairman of The Norwegian Standardization 

Organization Sub-committee for Technical and 

Physical Units. 

F.Ingebretsen Member of the Nordic Committee for Accelerator 

Based Research (N0AC1. 

Deputy member of the Science Council of The 

Norwegian Research Council for Science and 

Humanities. 

Member of Energy Research Advisory Committee. 

Dept. of Oil and Energy. 

Referee for Nuclear Instruments and Methods. 

S. Messelt Referee for Nuclear Instruments and Methods. 

E. 09nes President of the Norwegian Physical Society. 

Member of the Advisory Committee of Nuclear 

Physics of NORDITA. 

Co-editor (with T.T.S. Kuo) of International 

Review of Nuclear Physics, published by World 

Scientific Pub'. Comp. 

Referee for Nuclear Physics. Physics Letters B and 



Physica Scripta. 
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J. Hekstad Associate Editor of Physica Scripta. 

Referee for Nuclear Physics. 

Member of a solar house committee in Østfold 

Fylke. 

Course leader and lecturer on "Energy Planning and 

Environment" at the International Summer School of 

the University of Oslo. 

Member of che Board of Directors of Innovasjons

sentret A/S. 

Member of the Board of Directors of "Industriell 

Green-house in Oslo". 

Engaged by Tnnovasjonssentret A/S to direct the 

planning of a "Science Park" in Oslo. 

Member of a committee proposing a new research 

foundation in Oslo. 

Engaged by Norwegian TV Broadcasting Company to 

participate in, and be a consultant for a program 

series on energy. (8 programs of 25 minutes.) 

R. Tangen Member of the Norwegian Academy of Science. 

P.O. Tjørn Referee for Nuclear Physics. 
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12.2 CONFERENCES 

T. Engeland. J. Olsen. T. Ramsay. J. Rekstad and J. Skjæret 

participated in The Annual Meeting of Norwegian 

Physical Society, Tromsø. June 26-29. 

T. Engeland. M. Guttormsen, F. Ingebretsen, J. Rekstad and 

P.O. Tjørn participated in Niels Bohr Centennial 

Conference on Nuclear Structure, Copenhagen. May 20-24. 

O.K. Gjøtterud participated in the Symposium on the Foundation of 

Modern Physics. 50 Years of the Einstein-Podolsky-Rosen 

Gedankenexperiment. Joensuu. Finland. June 16-20. 

Remarks in Panel Discussions. 

M. Guttormsen participated in The XX Winter Schou 1 on Nuclear 

Physics. Zakopane, Poland. April 20-26. 

S. Messelt arid E.A. Olsen participated in Scand 11 ronix Users 

Meeting, Uppsala. Sweden. Sep'. 24-26. 

E. Osnes participated in Spring Meeting of American Physical 

Society in Crystal City. Virginia, April 24-27. Oral 

contribution: "Numbei—Conserving Sets Evaluated with 

the Paris Potential". 

E. Osnes participated in Niels Bohr Centenary Symposium in 

Copenhagen, Oct. 4-7. 

J. Pekstad participated in a conference on industrial innovation, 

arranged by The Institute for Industrial Economy, 

Bergen, Sept. IB. 

J. Rekstad participated as a representative for the University of 

Oslo in a conference at Sole. April 17-18, arranged by 

The Norwegian Council for Research Policy. 

J. Rekstad participated in the International Conference on 

Nucleus-Nucleus Collisions. Visby. June 10-14. 
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12.3 VISITS AND TALKS 

K. Gjøtterud: Lecture at a Niels Bohr centennial symposium at 

Kopervik videregfiende skole. Oct. 7-8: Niels Bohr, 

Scientist and Man. and at the same symposium, 

together with J. Vaagen: Quantum Physics and 

Epistomology. 

Lecture at Vitenskapsteoretisk Forum, University 

of Troraso, Oct, 22: Atomic and Quantum Physics, a 

Challenge for Understanding. 

Lecture at teacher training course in physics, 

Tonsberg gymnas Nov. 26: Niels Bohr and Quantum 

Physics. 

M. Guttormsen: Invited talk at The XX Winter School on Nuclear 

Physics. Zakopane, Poland, April 20-26: Gamma-

decay from Dysproseum Nuclei at High Temperature. 

Talk at Oslo Folkeakademi, Oct. 23: The Nucleus 

- a Microscopical Universe. 

M. Mehlen: Talk at the conference "From Idea to Product". 

University of Oslo. April. 

E. Osnes: Leave of absence to State University of New York 

at Stony Brook. Jan. 1. - Aug. 31.. (from Sept. 1. 

1984). 

Visits at University of Minnesota. April 9-11, 

Rutgers University May 6. and University of 

Montreal. May 27. Talks: What. Happened to the 

Effective Interaction? 

Visits at Los Alamos National Laboratory, July 1-

31. and University of Arizone, Aug. 5-8. 
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Visit at NORDITA. Copenhagen. Oct. 15-16. 

Opponent at Rune Mittet's defence of his Dr. 

Scient. thesis: "Pion Condensation in Neutron Star 

Matter with Realistic Nucleon-Nucleon Interac

tions" at the University of Trondheim. Dec. 19. 

J. Rekstad: Talk at the University of Bergen. May 30: 

Cooperation Between Universities and Industry. 

Visits at Harriot-Watt University. Bradford 

University. Cambridge University. UK. to study 

models for science parks and cooperations with 

industry. (Together with Arm Hole, Norwegian 

Council for Research Policy). Aug. 12-16. 

Participation in TV-recordings at The Joint 

Europen Fusion Research Center. JET. Culham, 

England. Aug. 19-23. 

Participation in an OBOS excursion to 1DE0N. 

University of Lund. Sept. 30 - Oct. 1. 

Visit at the science park, IDEON. University of 

Lund. Dec. 12-13. 

P.O. Tjørn: Talk at the Niels Bohr Institute. Nov. 9: Slow and 
15fl 

Fast High-Spin Sequences in Er. 

J. Wikne: Talk at the Annual Meeting of the Norwegian 

Physical Society, Tromsø: A Computer Independent. 

Intelligent GPIB Controller. 
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13 THESES. PUBLICATION and REPORTS 

13.1 THESES 

1. Stig Danielsen: 
Number Theoretical Processors for Nuclear Instrumentation 
(Particle Identification). Cand.Scient thesis. (In Norwe
gian) . 

2. Lars Ihler: 
An Enlarged Version of TONE - a Computer Language for True 
Time Analysis of Experimental Data. Cand.Scient. thesis. (In 
Norwegian). 

3. Magnus Wang-en: 
Analysis of Time Coincident Data Using a Microcomputer. 
Cand.Scient. thesis. (In Norwegian). 
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13.2 SCIENTIFIC PUBLICATIONS 

13.2.1 Nuclear Physics and Instrumentation 

1. J.C. Bacelar. M. Diebel, 0. Andersen. J.D. Garrett, 

G.B. Hagemann. B. Herskind. J. Kownacki. C.X. Yang, 

L. Carlén, J. Lyttkens. H. Ryde. W.Walus and P.O. Tjørn.-

Configuration-Dependent Pairing and Deformation in 
1 6 3Er. 

hys. Lett. 152B (1985) 157. 

2. G.E. Brown and E. Osnes; 

The Compression Modulus of Nuclear Matter. 

Phys. Lett. 159B (1965) 223. 

3. G.E. Brown. E. Csnes and M. Rho: 

Nucleon-Nucleon Effective Spin-Isospin Interaction. 

Phys. Lett. 163B (1985) 41. 

4. D.J. Decman. H. Grawe, H. Kluge. K.H. Maier, A. Maj. N. 

Roy, Y.K. Agarwal. K.P. Blume. M. Guttormsen. H. Hubel 

and J. Recht: 

Decay of the Ground State and the 29/2+ Isomer in Ac 

and g-Factor Measurements from Perturbed a-Particle 

Angular Distributions. 

Nucl. Phys. A436 (1985) 311. 

5. P.J. Ellis. T.T.S. Kuo and E. Osnes: 
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