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Chapter 1 

Introduction 

This annual report describe* the activities at the Section for Nuclear 
Physics at The University of Oslo in 1986. It includes activities in experi
mental and theoretical nuclear physics, as well as other activities in physics 
which have occupied some of the members of the section. 

The experimental activities in nuclear physics have, as in the previ
ous years, mainly been centered around the cyclotron laboratory with the 
SCANDITRONIX MC-35 cyclotron. The available beam energies (protons 
and at-particles to 35 MeV and sHe -particles up to 48 MeV) makes it an 
excellent tool for studies of highly excited low-spin states, and also for other 
experiments with light ions in the intermediate energy range. 

During the year the accelerator has been in use for low-energy nuclear 
physics experiments and for some experiments in nuclear chemistry. How
ever, the lack of personel makes it impossible to maintain an extensive use 
of the cyclotron. Moot of the nuclear physics experiments have been related 
to the study of n.icle^r structure at high temperature. Experiments with 
the sHe beam up to a particle energy of 45 MeV have continued, and valu
able information regarding the cooling process in highly excited nuclei has 
been obtained. The complexity of the processes necessitates the accumula
tion of large amounts of data, and the experiments have for some time been 
in a stage where the need for a larger data accumulation system has been 
imperative. 

The data acquisition system, of which the on-line NORD-10 computer 
represents a vital part, have been in extensive use for data accumulation 
and analysis since it was installed together with the syclotron in 1978. This 
year allowanses from The Norwegian Research Counsil for Science and Hu
manities (NAVF) of 1.2 mill kr. has made it possible to negotiate with the 
computer firm Norsk Data for a new computer which would serve our needs 
for the comming years. In cooperation with the Section for Electronics and 
Measurements at the Institute of Physics it was at the end of the year made 
an agreement with Norsk Data. According to this agreement the firm will 
permanently install a newly developed computer in the Nord-5000 series, 
on the condition that the Institute performes an intensive testing of the 
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computer before it is anounced on tot market. Preparation* for such tot i 
. have batn initiated on a temporary installed Nord-570 computer. The new 
computer will be installed in the beginning of 1087. 

With the small experimental (roup attached to the cyclotron labora
tory, continuous use of the equipment it impossible. Close cooperation with 
experimental physicists from universities in Finland, Sweden and Poland, 
and regular visits from the Universities of Bergen and Warsaw have made it 
possible to maintain a reasonable activity in the laboratory alto this year. 
Especially, an allowance from the University of Oslo for a visiting research 
associate from Warsaw throughout the year, is highly appreciated. 

Periodically experiments have been going on continuously for two or 
three weeks, also during nights and weekends. It has, however, been nec
essary to admit longer pauses in the cyclotron running schedule, in order 
to get sufficient time for analysis of the experimental data. Several of the 
experiments are performed as joint projects where physicists from other 
universities take part. Some of the experiments are supplements to or ex
tensions 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 University of 
Oslo and the Institute of Energy Technology, Kjeller. 

To ensure the diversity of the work it has, however, also been neces
sary 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 
Risø and the Hahn-Meitner Institute in Berlin. In particular we are in
volved with the NORD-BALL project, which consists of a complex detector 
arrangement built up by contributions from the part taking Nordic labo
ratories. The outfit will mainly be used for experiments at the Niels Bohr 
Institute, but may also occasionally be moved to other laboratories. 

Theoretical studies of highly exited nuclei has continued. In this field 
there has been a fruitful and inspiring cooperation between the experimental 
and theoretical physicists. The theoretical studies also enclose problems 
within nuclear structure and nuclear reaction together with nuclear many-
body theory in infinite nuclear matter and in limited systems. 

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. Considerable 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 Insti
tute of Radiation Hygiene and the University Health Physics Service Insti
tute continued studies in radiation dosimetry and measurements of natural 
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T-ray background. Ht ha* alio taken part in a study of resperalive heat 
loss by divan. Although not connected to nuclear phyiica, the latter ac
tivity - like the tolar energy project - demonstrate* the near connection 
between various branches of physics and the value of transfering knowledge 
and experience from one branch of physic* to another. 

After the Chernobyl accident, at request from The National Institute 
of Radiation Hygiene, the section disposed personel and instruments for 
measurements of radioactivity in food and soil. 

The value of the cyclotron laboratory for educational purposes is demon
strated by the activity of graduate and post-graduate students in the lab
oratory, and also by the fact that the educated students appear to be «ell 
adapted for work in various branches of technological research. 

Of seven students in progress with their graduate work at the end of 
1986, four are working in experimental nuclear physics, one in theoretical 
nuclear physics and two in in electronics. Two Dr. Scisnt. students work 
in the field of experimental nuclear physics and one in radiation and health 
physics at the National Institute of Radiation Hygiene. In 1965 ane stu
dent in experimental nuclear physics completed his Cand. Scient. studies. 
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 with
out the continued support from the Norwegian Research Council for Science 
and Humanities (NAVF). Our activity at other laboratories has mainly been 
funded by the Nordic Committee for Accelerator-Based Research (NOAC). 
Indeed, the NOAC-funds, although relatively small, have made the col
lective use of the various resources available in Scandinavian accelerator 
laboratories more efficient. Further, we are grateful to the Nordic Institute 
of Theoretical Atomic Physics (NORDITA) for supports 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 various sources, especially from the Ministry of Petroleum and 
Energy, the Ministry of Enviorments and the Royal Norwegian Council for 
Scientific and Industrial Research (NTNF). 

In 1984 the activities of Norwegian research groups in nuclear physics 
and chemistry were 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 comparison1'. The report stressed, however, the need for 
an increase in the research staff as well as in the tecnical staff, and also 
the need for higher allowanses for renewal of instrumentation. More than 
two years after this evaluation the situation has not changed, and 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 
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in other activities, has Ud to lower research activity. The need of funds or 
allowances to adjoin younger scientist from inland and outland to the group, 
is impressing. 

On the personnel side we would like to thank our technical staff, E.A. 
Olsen and A. Kunaxenti, 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. Slcaali and J. Wikne, on the computer and data acquisition system is 
highly appreciated. 

The participation of physicists from Bergen and from Swedish 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 installations. 

Blindern, April 1987 

IVygve Holtebekk 
Leader of the Section for Nuclear Physics 
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Chapter 2 

Personel 

2.1 Research Staff 

Olav Aspelund (Government 
scholarship holder) 

Ayse Atac, Research ass. 
Torgeir Engeland, Assoc, prof. 
Ivar Espe, Assoc, prof. 
Ole Kristoffer Gjøtterud, 

Assoc, prof. 
Magne Guttormsen, Assoc, prof. 
Trygve Holtebekk, Assoc, prof. 

(Section Leader) 
Finn Iagebretsen, Assoc, prof. 

(Head Physics Department) 

Svein Messelt, Assoc, prof. 
Eivind Osnes, Professor 
Tore Ramsøy, Research ass. 
John Rekstad, Professor 
Anders Storruste, Senior 

scientist 
Roald Tangen, Prof, erner. 
Per Olav Tjøm, Professor 

2.2 Technical Staff 

Eivind Atle Olsen, Section engineer 
Agnes Kunszenti, Section engineer 

2.3 Cooperators, Research Staff at Section for 
Electronics and Measurement 

Gisle Midttun, Assoc, prof. 
Bernhard Skaali, Professor 
Joe Wikne, Section engineer 
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2.4 Visiting Scientists 
Zbigniew Zelainy, on have from Institute of Expti. Phytic», University of 
Warsaw, Poland 
Chandrakala Cboudboury, on leave (rom Department of Pbyaica, Indian 
Institute of Technology, Haul Khaa, New Delhi, India. 

2.5 Students 
As of December 31,1086,7 graduate itudenta (for the degree Cand.Scient.) 

and 3 post-graduate atudenta (for the degree Dr.Scient.) were associated 
with the section. 
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Chapter 3 

The Cyclotron 

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 weekend runs when required. Maintenance, 
work on new installations, development work and experimental setups are 
usually performed during ordinary day time. During the year the cyclotron 
has been in operation 58 days with a total ion source running time of 895 
hours. 

The beam has mainly been used for experiments in nuclear physics. As 
an average the daily running time for these experiments has been about 
14 hours. Also 18 runs for nuclear chemistry (18 hours) have been made. 
There has been some shorter stop periods due to failure in the cyclotron RF-
system and vacuum pumps. The total time for unscheduled stops amounts 
to 53 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. 
However, after 8 years of more or less continual operation of the syclotron 
it was found neccessary to perform a general inspection and maintenance of 
the complete system. The cyclotron was therefore stopped in december for 
a longer maintenance periode.20/4-1987 

The activity in the laboratory in 1985 is distributed in the various fields 
Days % 

Nuclear physics experiments 77 46 
Nuclear chemistry 18 5 
Unscheduled maintenance* 53 17 
Routine maintenance, cyclotron* 78 25 
Experimental setup, equipment testing* 21 9 

'Computer in use for data analysis. 
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Chapter 4 

Data Acquisition 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 CA-
MAC interface 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 HP-7SS0A graphics 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 gen
eration and colour transposition from 8 to 4096 possible 
colours. 

b) CRT terminal 

1 Tektronix 4612 video hard copy unit 
4 Terminal connections to the local area network, NET-ONE 
6 Terminals 
3 CAMAC crates 
15 ADCs interfaced via CAMAC, controlled in 

multiparameter mode by an ADC scanner mod
ule. 
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4.1.2 Tb* Data Acquisition Computer 
A. Kunstenti. B. Skuli. J. Wikne 

The NORD-10 computer wiO be replaced in 1087 with a 32-bit super 
mini computer fram Norak Data. Implementation of the NORO-10 pro-
grama on thia computer hae started. 

4.1.3 D a t a Acquisition Hardware) 

A. Kunszeoti, G. Midttun, B. Skaali, J. Wikne 

No changes have been done in the CAMAC data acquisition hardware 
in 1986. A study of a new system baaed on the VME microprocessor bus 
has started. 

4.2 Data Aquisition Software 
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 and 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 pro
grams have access to common data areas that contain 1-and 2-dimensional 
spectra (histograms). The communication between the programs is im
plemented by means of the real time facilities of the operating system 
SINTRAN-IIl. 

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 denned 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. A new 
computer delivered by Norsk Data will be installed in 1987. 
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4.3.3 T b * Plot t ing Program Proplot 

T. Ramsøjr 

An interactive plotting profram hat been developed to pbl 1-dimensional 
spectre on a HP 76SQA p«n plotter. The program utiUie* the CPGS-F1) 
(ND-100 version) graphic* package. Tb fariliete vatr communication the 
command prcc—or package MJNJ-ZCEDEX1) na* botn applied. 

Th* program w written in FORTRAN-77. It i* installed on the ND-100 
part of the oew computer a* a 2-benk program. 

1. M. Zachriaen, 
GPGS-F UMT'* Guid*, 3rd *d. Tapir forlag, 1978 

2. B. Rothan, B. GuSIerminet, 
Departement de Reaerche sur la Fusion Controlee, Association 
EURATOM-CEA sur la Fusion, TORE-SUPRA 

4.3 Data Analysis Software 

The following programs are available for data analysis in addition to the 
SHIVA system: 

PF 
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 distribution 

with optional tail functions to spectrum peaks. Automatic peak search. 
FORTRAN-77. Locally developed library. 

STACAFOLDED 
Calculates decay probabilities from Fermi gas assumptions. Output is 

unfolded and folded NeJ-epectra with the use of response functions in pro
gram SPEC-STRIP. FORTRAN-77. Locally developed library for graphics. 

FIGEGA 
Calculates first generation gamma-ray spectra from particle-gamma ex

periments. Input is coincident gamma-ray spectra with Nal-detectors from 
different excitation intervals. FORTRAN-77. 
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TRANSMISSION 
Calculate» efficiency of mini-orange electa» spectrometer. Graphics on 

'lektronut terminal. FOBTRAN-77. Locally developed library for graphic». 

UNFOLD 
Off-line Nal- and particle-detector spectrum unfolding program. Com

mand proses»ing. NORO-10 version limited to 64 channel spectra. Uses 
DICO display system. Extended version (256 channels) running on NORD
MO system. FORTRAN-77. 

LECHSQ 
Fite a given function to a sat points given either as a spectrum or as an 

array. Utilises the Least Chi Square Method. The incorporated functions 
are polynoma of 4th degree and multipliiity and gamma-distributions based 
on the Fermi-gas model. Uses DICO display system. FORTRAN-77. 

KINEMATIC 
Calculates relativistic energy-loss at a given scattering angle and energy-

loss for particles passing through matter (Bethes formula). Also the uncer
tainty in perticle energy due to straggling 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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Chapter 5 

Nuclear Instrumentation 

5.1 Laboratory Equipment 

M. Guttormsen and S. Mestelt 

Most of the available financial support for instrumentation in 1986 (and 
1987) has been used for the new computer installation. This relative heavy 
investment is necessary in order to make complex experiments based on 
many-detector set-ups. The computer system (from the brand new ND-
5000 serie) inreases the data capasity with 20-30 times compared to the 
previous NORD-10.S computer. New acquisition system and software are 
under development (see ch.4 of this report). 

Other important investment projects are postponed to 1988. This applies 
to Nal and Ge 7-ray counters, particle detectors, target material, electronics 
and hardware components. 

5.2 The NORD-BALL Project 

P.O. Tjørn and J. Rekstad 

The NORD-BALL is a multidetector system which can accomodate up 
tc 32 separate detector units (see fig.5.1). The project was initiated as 
a truly Nordic enterprise, where Denmark, Finland, Norway and Sweden 
contribute economically as well as with manpower. However, only 37% of 
the capital budget needed for completing the NORD-BALL to be ready in 
the fall of 1987 is granted. It is therefore extremely fortunate that groups 
from Japan, Holland, West-Germany and Italy are interested in supporting 
the project with approximately 13 mill. DK. We hope now that the first 
experiments can run ultimo 1987 on the Tandem booster at Risø with an 
essentially complete NORD-BALL. 
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NORD BALL 

?C' OouDic pw'pei* / * Tofgtl cUCmbtr 
AM. ContCXO» / 
• pecKDTtcit' / « » Bo F t ipeclrom«l«# 

Figure 5.1: A cut through the NORD-BALL equipped with detectors for 
typical high-spin experiment, i.e. 20 double purpose anti-Compton spec
trometers and the 4» BaFj calorimeter around the center. 

The NORD-BALL coordinating committee have submitted an applica
tion to Nordi f k Forakningapolitisk RSd (NOS-N) to cover running costs, data 
processing equipment and salaries. 
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Chapter 6 

Experimental Nuclear 
Physics 

6.1 Introduction 

The experimental work at the cyclotron has mainly been devoted to 
the study of nuclear structure at low spin and high excitation energy. The 
method is based on measuring the outgoing charged particles from transfer 
reactions in coincidence with 7-rays. In this way 7-ray spectra at various 
nuclear excitation energies can be produced. 

Our research is of general physical interest: To what extent can a mi
croscopical few-body system, e.g. nuclei with mass number A «s 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 
the yrast line one is bound to use statistical concepts. 

One of the most important findings is enhanced of 1 MeV and 2 MeV 
7-radiation in the decay of heated nuclear matter. The appearance of such 
7-radiation have been confirmed in several nuclei, and a detailed study of 
the origin of this favoured 7-decay is in progress. 

It is still an open question if chaotic particle motion can be produced 
in hot nuclear matter. This is one of 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 for the progress in our 
investigations. We have installed a frame for a many-counter set-up at 
the beam line. At present eight Nal detectors are used. We hope in near 
future to produce reliable first-generation 7-ray spectra. In addition, an 
increased p-7-7 coincidence rate will give better 7-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 
section 6.2. 
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Alio the work on bigb-spin statee and delayed proton «mission baa con
tinued in 1086. The high-spin experiments an carried out at the Dares-
bur/ Laboratory in England, tba Lawrence Berkeley Laboratory and at the 
Hahn-Meitner-Institut in Berlin, wbere heavy-ion beams are available. The 
main topic of thi» research ia the behaviour of nuclei exposed to rapid rota
tion. In particular, single-particle structures and pairing-correlations have 
been studied as function of rotational frequency. The field ia in strong 
development, and powerful detector systems with Compton- suppressed Ge-
detectors are now available. We participate b the Nordic collaboration, 
NORD-BALL, to build a Comp ton-suppress I'd i-ray spectrometer. Experi
ments within the field of high- spin states are presented in sect. 6.3. 

6.2 Nuclear Properties at High Temperature 

6.2.1 Gamma-Decay of Highly Excited States in m Y b 
Z. Zelazny*, A. At a?, M. Guttormsen, S. Messelt, T. Ramsey, 
J. Rekstad, T.F. Thorsteinsen", and G. Løvhøiden** 
" On have of absence from the Institute of Exptl. Physics, Univ. of 
Warsaw, Poland 
' Institute of Physics, University of Bergen, Norway 

This work is a part of a systematic investigation of the properties of 
heated rare-earth nuclei. The I 7 2 Y b nucleus is situated in the middle of 
the yioic = 5 oscillator shell and is well deformed. The rather constant 
distribution of single-particle states makes this mass region an interesting 
test ground for the study of statistical properties in nuclear matter. 

Excited high-j hole states of I 7 2 Y b were populated in the (3He,a) reac
tion with 45 MeV 'He ions from the Oslo Cyclotron. The ytterbium target 
was a self-supporting metallic foil with a thickness of 1.6 mg/cm2 and en
riched to 92% in m Y b . The charged ejectiles were measured with four 
AB— E silicon telescopes placed at 52° with respect to the beam direction. 
The coincident 7-rays were recorded with an array of seven 5" x 5" Nal(Tl) 
counters and one Ge counter. 

Figure 6.1 shows Nal 7-ray spectra from various excitation regions in 
1 7 2 Yb. The unfolded spectra (right part) clearly display an 1 Mev bump, 
which is well known from previous works. In the present case this radiation 
is particularly strong from the Ex » 2.8 MeV region. Here, the 1 MeV 7-
rays constitute a multiplicity M, > 1. This surprising result is also evident 
from data on , 7 0 Y b (see ref.1)). 
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Figure 6.1: Gamma-ray Nal spectra from the 1 T'Yb( sHe,a) 1 7 !Yb reaction. 
The spectra on the r.h.s. are unfolded with the Nal response function. 
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Figure 6.2: First generation 7-ray spectra. On the r.h.s. the corresponding 
unfolded spectra are shown. 
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Figure 6.3: Comparison of the total (bottom) and first generation (top) 
7-ray Bpectra. 

The singles a-particle spectrum shows an increase in cross-section of a factor 
two at this excitation energy, which presumably is due to the pick-up of neu
trons from the [505]ll/2- Nilsson orbital. The high if-value of the excited 
two-quasiparticle states prevents the decay to the ground band, which has 
iT* = 0 + . The decay-route is probably determined by available states with 
K » 2 - 3 found at Et es 1 MeV (vibrational states) and 2 MeV (beginning 
of 2 q.p. regime). Such a mechanism could explain the enhanced emission 
of 1 MeV 7-radiation. 

The spectra of fig.6.1 have been used to obtain the so-called first gen
eration -]f-ray spectra. The method is based on the subtraction of higher 
order generations, and is described in ref.1). In fig.6.2 we show spectra of 
these primary -y-rays as a function of excitation energy in the Ex = 4.6 - 8.1 
MeV region. The spectra are more or less as expected for the decay within 
a Fermi gas, except the appearance of a high intensity of 7-rays with energy 
.£, ft* 0.1 - 0.7 MeV. This low-energy component is neither due to yrast 
transitions nor annihilation radiation (511 keV), as clearly seen in fig.6.3. 
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6.2.2 Deep-Lying ifi/i and t/d s / 2 Strength in 1 T O Yb 

H. Arnesen, A. Atac, M. Guttormsen, T. Ranuøy, J. Rekstad and 
Z. Zelazny* 
* On leave of absence from tie institute ofExptl. PLysics, Univ.ot 
Warsaw, Poland 

The aim of the present study is to obtain information on low-j or-
bitals below the Fermi surface. The experiment was performed with the 
1 T 1Yb(d,t7) 1 7 0Yb reaction using Ed = 15 MeV. The experimental technique 
is similar to the one described above. 

Prom a previous work1) on 1 6 °. 1 6 J Dy the largest contribution to the 
triton spectrum came from the pick-up of neutrons from the l/2 +[400] 
and 3/2+[402] Nilsson orbital. The decay properties f.~m these structures, 
which were located at Ez fa 2.4 MeV, could be explained in simple two-
quasiparticle terms, where K-hindrance and AW = 2 coupling phenomena 
governed the decay routes. In the present work we extend these investiga
tions to a heavier mass region. 

The ground state of the target nucleus m Y b is built on the 1/2" [521] 
orbital with 7 T =l /2~ . The (d,t) reaction favours the pick-up of low-j 
hole states and we predict large cross sections for states with the follow
ing spin/parity assignments 

• 1/2" [521] + 1/2+[400] with K'=l~ 

• l/2-[521] - l/2+[4O0] with K'=0~ 

• 1/2" [521] + 3/2+[402] with K*=2~ 

• 1/2" [521] - 3/2+[402] with K'=l~ 

The i r o Y b nucleus contains 4 more neutrons than 1 S 2 Dy, and the low-
j structures are expected at higher excitation energies. Indeed the singles 
triton spectrum of fig.6.4 displays huge pick-up strength in the Ex ss 2.5-
2.7 MeV excitation region. In addition, we find strength located at Ex a 
1.4 MeV, which is probably due to the pick-up from (V = 1/2" and 3/2" 
crbitals originating from the f7/2 and h s ; 2 spherical states. 

The energy positions of the low-j triton peaks give information on the 
energy gap A£(4,5) between the N=4 and 5 oscillator Bhell. The harmonic 
oscillator model predicts equal gaps for all shells given by AE(N, N + 1) = 
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Au 0 = 7.4 MeV. Our study indicates that the A £ ( 4 , 5 ) energy gap should 
be reduced by 1 2 MeV compared to this prediction. 

The spectrun. of fif .6.4 «hows a surprising splitting of the low-j struc
ture into two particle group* which are separated by 300 IceV. This splitting 
is not accounted for in the Nilsson model and could indicate that residual 
interactions play a significant role at these excitation energies. It is a doubt
ful task to interpret these states as two-quasipartkle configurations built on 
Nilsson orbitals. The states are mixed with other many-quasiparticle struc
tures, and the JT-quantum numbers listed above is uncertain. However, we 
expect large contributions from the «1/2 and rfs/3 states. 

The 7-decay pattern can give further information on the character of the 
states populated in the reaction. In fig.6.5 are shown the unfolded Nal 7-ray 
spectra from the two large particle groups. The decay follows two routes, 
either (i) a direct feeding into ground band states ( E1 fa Ez ) or (ii) a decay 
via states around Et a 1.4 MeV. The strong branch directly to the ground 
band indicates that low if-values are involved, as suggested above. 

The work to understand more about the character of the states populated 
so strongly in the (d,t) reaction is in progress. 
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6.2.3 The First Generation of 7-Rayg from Hot Nuclei 

M. Guttormsen, T. Ramsøy and J . Rekstad 

The energy distribution of the first 7-rays from a certain excitation en
ergy gives information on the density of accesible final states and the involved 
transition matrix elements. However, the 7-decay from high excitation re
gions involves in general a cascade of transitions. With available timing 
techniques there is no way to pick out the first 7-transition in a specific 
cascade. 

The present method is based on particle-7 coincidence measurements like 
(d, t7) , (d,d'7) and (r, 07) reactions. The method rest on the assumption 
that states populated after the first 7-transition have the same decay prop
erties as states populated directly in the particle reaction at tha t excitation 
energy. 

Figure 6.6 illustrates the way to extract first generation spectra from the 
coincidence data. For each excitation region (bin) we sort out 7-ray spectra 
denoted / , . The first generation 7-ray spectrum of the highest excitation 
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energy (bin 1) is estimated by 

h = h ~ J2 n'w<f> (6.1) 

where the coefficients w,- are unknown and represent the decay probability 
from bin 1 to >'. The n; values are determined in such a way that the 
area of each spectrum /,- multiplied by r»; corresponds to the same number 
of cascades. One procedure (the tingle» normalization) gives n,- = Si/S,-, 
where Si and 5,- are the singles particle cross sections (arbitary units) at 
bin 1 and t, respectively. 

The weighting coefficients Wj can be found in an iteration procedure. 
Convergence properties and tests on simulated data have been performed. 
A paper on this work is under publication1). 
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6.2.4 Properties of First Generation -y-Rays in l e 2 D y 

T.S. Tveter, A. At a;, M. Guttormsen, T. Ramsøy, J. Rekstad and 
Z. Zelazny* 
* On ieave of absence from tie Institute ofExptl. Physics, Univ. of 
Warsaw, Poland 

The method to obtain first generation f-ray spectra have been success
fully tested on simulated data (see previous subsection). In the present work 
the method is applied to data from the 163Dy('He,ct-y) l 62Dy reaction. The 
experimental technique is described in subsect. 6.2.1. 

The extracted first generation 7-ray spectra of 1 6 2 Dy are shown for three 
excitation regions in fig. 6.7. Each spectrum is tne sum of several spectra 
deduced with 340 keV excitation energy bins. The shape of the spectra 
indicates that two different decay-modes are present in continuum: (i) decay 
within a Fermi gas like regime and (ii) decay of low-energy 7-transitions. 

The high-energy continuum part of the spectra has a distribution close 
to the Fermi-gas prediction, provided that the spectra are unfolded. We 
have fitted tK following distribution 

P(£ , ) = K J p / « r m , ( B r - E , ) (6.2) 

to the unfolded data, where Pf,rmi is the level density from the Fermi gas 
model with e- pairing gap of A = 0.95 MeV. The level density parameter 
is determined to a = 15 MeV - 1 and the exponent to n = 5. These results 
are preliminarly, and the estimates suffer from the fact that states below 
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Figure 6.8: Contribution to the low-energy 7-ray bump in the first ^itera
tion 7-ray spectra 

Ex = 2A have been neglected. Probably, a should be somewhat higher and 
n lower. 

The origin of the low energy 7-radiation in the first generation spectra at 
high excitation energy is not clear. However, this decay-mode seems to be a 
general feature of rare-earth even nuclei produced in the (sHe,a) reaction. 
At present the structures have been observed in , 8 0 Dy, 1 8 S Dy, I 7 0 Yb and 
1 7 2 Yb (see subsect. 6.2.1), measured with different set-ups and counters. 

Figure 6.8 shows the fraction of this decay-branch as a function of exci
tation energy in 1 8 J Dy. The low energy 7-radiation is observed from around 
3 MeV excitation energy and reaches a strength of « 15% of the intensity 
of the first generation 7-rays. This emphasizes the importance of the new 
decay mode. 

The counter geometry makes it possible to explore the angular distribu
tions of the radiation. As a test we show in the upper part of fig.6.9 the 
angular distribution for the yrast transitions and the I MeV 7-ray bump 
for the total spectra (i.e. spectra containing all generations of transitions). 
These transitions are known to be of quadrupole and dipole types, respec
tively. A comparison with the low-energy 7-ray bump (lower part of the 
figure) suggests that the transitions are of dipole type. 

The data analysis is in progress. 
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Figure 6.9: Angular distributions of the low-erci-gy "r-ray bump compared 
to quadrupole (yrast transitions) and dipole (1 MeV radiation) transitions. 

6.2.5 Observation of an Isomer in the m D y (7,0:7) Reaction 

T.F. Thorsteinsen', G. Løvhøiden*, T. Rødland', M. Guttormsen, T. Ramsøy 
and J. Reiestad 
' Institute of Physics, University of Bergen, Norway 

States with a large angular momentum component K along the sym
metry axis have been observed at low excitation energy in a number of 
rare-earth nuclei. Some of these states have shown "".o be isomers built on 
high-if t'13/i2 and/or An/2 orbitals. Information on this type of isomers is of 
great importance for the understanding of nuclear structure in well-deformed 
nuclei. 

In previous studies1 , 1) a level at an excitation energy of 2283±8 keV 
has been reasonably well established as a K* = 8~ state. The if-value is 
sufficiently high for this state to make it a good canditate for an isomer. 

The investigation of this candidate was undertaken by bombarding a 
1 6 1 Dy target (2 mg/cm') with 32 MeV r-particles and measuring 7-rays and 
outgoing a-particles at 40° scattering angle. The excistence of an isomer is 
indicated by a significant tailing in the a-i TAC-spectrum. Only one peak 
in the a-spectrum is in coincidence with the tail, as shown in fig. 6.10. 
This peak corresponds in excitation energy with the previously proposed S~~ 
state. A tentative decay scheme suggests the 8" state to be the isomer itself 
and the excitation energy to be 2288 keV. The work is in progress. 
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6.2.6 F r a g m e n t a t i o n of i / h n / 2 S t r e n g t h in " 3 N d 

L.A. Rønning, A. Atac., M. Guttormsen, T. Ramsay, J. Rekstad, 
Z. Zelazny", T.F. Thorsteinsen" and G. Løvhøiden" 
* On leave of absence from the Institute of Exptl. Physics, Univ.of 
Warsaw, PoJand 
"Institute of Physics, University of Bergen, Norway 

The fragmentation of single-particle strength in nuclei gives important 
information on level densities and nuclear structure at high excitation ener
gies. In the present work we have studied the " 4 Nd( 3 He,a7) , 4 3 Nd reaction 
with E('He) = 40 MeV at 8 = 50° scattering angle. The a-7 coincidence 
technique is used to investigate the distribution of vhn i2 strength deep into 
the w 3 N d core. 

Figure 6.11 shows the a-particle spectrum obtained in coincidence with 
the 9/2" - 7/2" (1407 keV) and 11/2" - 7/2" (1432 keV) ground state tran
sitions. We find a considerable strength located around Et PS 2.1 MeV which 
corresponds to the 11/2" states found in high resolution measurements1). 
The shape of the strength function at higher excitation energies follows 
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Figure 6.12: Alpha-particles leading to 7-decay via the 3 / 2 _ ( 7 4 2 keV) level. 
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closely the ('He,a} cross Mctioo and indieatea that about 50?t of the CTOM 
•action up to the ntutron binding energy ia dut to the pick-up of vbu/] hole 
strength. 

The spectroscopic etrength of the partiel» groupa at Em m 2.1 MeV hai 
been determined1) to Syi = 2.5 using a sum rule of 6. With this normal
ization we obtain 90% of the vhn/1 strength located in the region from 
the ground state up to the neutron binding energy. These data, which are 
very preliminary, deviate strongly from ref.1) where only 60% of the total 
strength waa found in l**Nd for this excitation energy range. 

A suitable probe for separating out low spin states in continuum is the 
3/2" - 7/2~ (742 keV) transition, as shown in fig.6.12. The high excitation 
part of this spectrum is smooth and does not exhibit the detailed structure 
seen in the singles ct-spectrum. We conclude that the underlying 'back
ground' in the particle spectrum is due to the pick-up of low spin states. 
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6.2.7 The Pa r t i c l e g 9 / 2 - C o r e Mul t ip le t» in "°Y 

T. Bartsch*, J. Kownacki* Z. Zelazny*, M. Guttormsen, T. Ramsøy and 
J.Rekstad 
* On Jeave of absence from the Institute ofExptl. Physics, Univ.of 
Warsaw, Poland 

The present work is a collaboration on studies in the Zr-Y-Sr region, 
where the knowledge of medium and high spin levels is still far from com
pleteness. The 39Y50 nucleus has one proton outside the | |Sr core and one 
proton-hole relatively to the JoZr core, which is known to have properties of 
a double closed nucleus. Therefore, excited states in 8 9 Y are of particular 
interest giving the possibility of checking the quality of a chosen core system, 
as well as estimation of two-body interaction matrix elements. 

The S 9 Y nucleus was formed in excited states using the 8 7Rb(a,xn) re
action with incident energies between 24 and 30 MeV. The 7-ray decay was 
studied by measuring 7-7-c coincidences, angular distributions and relative 
excitation functions. The experimental results from the present investiga
tions are in general agreement with former studies, however some differences 
are present. 

Effort has been put into the mini-orange spectrometer to make it op
erative. However, some problems remain to be solved before conversion 
electrons can be measured. We hope this will bring conclusive results on the 
spin/parity of states in this nucleus. 
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6.3 High-Spin Properties of Nuclear S ta tes 

6.3.1 Lifetimes of High-Spin States in "*Er 
P.O. Tjørn, H. HSbel', K.H. Maier", R.M. Diamond"*, 
F.S. Stephen»'", M.A. Deleplanque'", J. Bacelar"" and E.M. Beck' 

'Iottitut fur Strehlan- und Kernphytik, Vnivenity of Bonn, W.-Germany 
"Hahn-Meitner-Inåtitut fur Ktmphyåik, Berlin, W.-Germany 

"'Lawrence Berkeley Laboratory, Berkeley, Cal. 94720, USA 
"" Kernfysiach Verachneller Inatituut, 0474AA Groningen, The Netherlands 

Previously, experiments at Lawrence Berkeley Laboratory have shown a 
fast ( < 1 p s ) and alow (> 2 ps ) component feeding the 38+ state in 1 5 , E r . 
The lifetime of the slow component was measured, in a new experiment, us
ing the Doppler-shift recoil-distance method (RDM). The reaction u'-d was 
175 MeV 4 0 A r + " ' S n . The 4 0 A r beam was provided by the 88-in. cyclotron 
of the Lawrence Berkeley Laboratory. A special plunger set-up which fits 
into the Berkeley 21 Compton-suppressed Ge detector array HERA has been 
built in Bonn. The analysis is not finished, but the preliminary results show 
that it should be possible to determine the B(E2)- values of the transitions 
up to the high-spin region. 

6 . 3 . 2 H i g h - S p i n S t a t e s in 1 6 ! - 1 6 6 H f 

K.P. Blume', H. Hiibel', M. Murzel 4, J. Reeht*, K.Theine* 
H. Kluge", A. Kuhnert", K.H. Maier",A. M a j " \ 
M. Guttormsen and A.P. de Lima"" 

'Institut fiir Strahlen- und Kernphysik, University of Bonn, W.-Germany 
"Hahn-Meitner-Institut fur Kernphysik, Berlin, W.-Germany 

'"Institute of Nuclear Physics, Pl-31-342 Cracow, Poland 
**'* Departemento de Fisica da Universidade, P-3000 Coitnbra, Portugal 

Recently Chapman et al. 1 ) observed that the nucleus 1 6 8 H f behaves like 
a perfect rotor above spin 20, the high-spin states of the positive parity yrast 
band following closely the / ( / + l)-rule. These authers suggest that this be
haviour may be caused by a collapse of the neutron pairing. Obviously, this 
effect could only be observed because no single particle alignment seems to 
take place in the corresponding frequency range. However, this assumption 
is doubtful taking into account the new systematics of alignments found in 
this work for the lighter 1 8 5 - 1 8 6 H f isotopes. 

High-spin states in l » -»«Hf , populated in 1 4 B - J 5 °Sm('"^Ne,xn) reac
tions, have been studied by in-beam 7-ray spectroscopy using the first six 
Compton-suppressed Ge-detectors from the OSIRIS Bet-up. The suppres
sors are of the asymmetric type and a peak/total ratio of 0.5 was obtained. 
The experiments were typically run with 100 mill, events. Angular correla
tion information was extracted from the coincidence spectrum in the follow-
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Figure 6.13: Level scheme of 1 6 5 H f 

ing way: The ratios J(30°)/J(90°) were derived by setting gates on Beveral 
known E2-transitions in the 90° detectors to derive 7(30°) and in the 30° 
detectors to derive 7(90°). For E2 transitions and unstretched dipoles this 
ratio is close to 1.0, and for stretched dipoles close to 0.5. 

As an example, the obtained level scheme for 1 6 6 H f is shown in fig.6.13. 
Previously, there were no information available on , 6 3 , 1 6 s H f . Based on sys-
tematics in this region J* = 3/2" or 5/2" can be expected for the ground 
state. Our data suggest spin a 5/2~ assignment. The rotational bands 
are built on one and three quasiparticle configurations. The favoured t 1 3 / 2 

Routhian A is present in 4 of the 8 observed bands. 
Figure 6.14 shows the lowest lying positive parity even spin states in 

iei,i64,i«6,i«sH f A t frequencies around 0.45 MeV the 1 6 1 H f shows a strong 
back-bending, in 1 M H f it is somewhat weaker and in l e s H f only a small up-
bend is present. The I* curve of l e 8 H f show no upbend. This feature could 
be due to a large matrix element V between the AB and ABATBP bands. 
Indeed, cranked shell model (CSM) calculation predicts that V is ranging 
from 33 keV for 1 6 2 H f to 140 keV for 1 $ 8 Hf. Thus, it probably excists a 
proton crossing in , 8 8 H f which influences Iz as a function of hu>. Therefore, 
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the evidence for a neutron pairing collapse in 1 6 8 Hf is not conclusive. 
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Chapter 7 

Theoretical Nuclear Physics 

We have studied the nuclear many-body problem both in infinite nuclear 
matter and in finite nuclei. Nuclear matter may be considered as a testing 
ground for the more complex many-body problem of finite nuclei. On the 
other hand, nuclear matter is an interesting quantal many-body system in 
its own right. Of particular interest to us has been the equation of state for 
nuclear matter, which is important for our understanding of such diverse 
phenomena as high-energy heavy-ion collisions and supernova explosions. 

Some of our work on the many-body problem of finite nuclei concerns 
the derivation and testing of the shell model effective interaction, which is 
then used in nuclear structure calculations. Much of our nuclear structure 
work is associated with the experimental work at the cyclotron and employs 
phenomenological models, such as the particle-rotor model including pair 
correlations. 

7.1 The Nuclear Many-Body Problem 
7.1.1 The Compression Modulus of Nuclear Matter 

G.E. Brown* and E. Osnes 
* State University of New York, Stony Brook, USA 

We show that the low compression modulus found in an earlier paper1) 
is helpful in obtaining the correct binding energy of nuclear matter. We use 
here the two-body calculations of Day and Wiring»*) and invoke relativistic 
corrections in order to bring the saturation density down to nuclear matter 
density. 

We reanalyze the 0 + breathing mode in ! 0 8 Pb. Introducing effects of 
fractionation, we show that the compression modulus deduced from this for 
nuclear matter can be very low. 

The results of this work are presented in an unpublished manuscript3). 
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7.1.2 Causal Constraint! on the N u c l e a r E q u a t i o n of S t a t e 

E. Osnes and D. Strottman* 
* Los Alamos National Laboratory, Los Alamos, USA 

The constraints imposed by causality on the nuclear equation of state 
at high density and temperature are examined for various phenomenological 
and Skyrme interactions. For the SIII interaction the adiabatic speed of 
sound becomes superluminal at 3.9 and 3.6 times normal nuclear density 
for internal energies of zero and 200 MeV per nucleon, respectively. For 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 publication1). 
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7.1.3 Realistic Effective Interactions in Nuclei 
E. Osnes and T.T.S. Kuo*. 
* State University of New York, Stony Brook, USA 

We review1) 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-Julich 
potentials derived from meson-exchange theory. In particular, we point out 
how serious problems encountered in the early calculations, such as the slow 
convergence of the intermediate-state summation in various perturbation 
diagrams, have been resolved in the recent calculations, due to a weakening 
of the tensor-force component in the new interactions. Thus, we believe 
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that one can have some confidence in the effective interaction* obtained. In 
fact, these Mem 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. 
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7 . 1 . 4 H a r t r e e - F o c k a n d S h e l l M o d e l C a l c u l a t i o n s in t h e 
( s d ) S h e l l w i t h R e a l i s t i c E f f e c t i v e I n t e r a c t i o n s 

F. B ru t ' , E. Osnes and D. Strottman" 
* Institut des Sciences Nacléaires, Grenoble, trance 
" Los Alamos National Laboratory, Los Alamos, USA 

We have performed projected Hartree-Fock and shell model calculations 
of the positive parity states in the A = 21 nuclei using three different re
alistic effective interactions. One of these was evaluated in the so-called 
screened Tamm-Dancoff approximation 1 ) using the Hamada-Johnston po
tential while the other two were evaluated from the Bonn-Jiilich and Paris 
potentials including essentially all important long-range correlations to all 
orders 2 ) . The HF and shell model spectra are fairly close to each other 
and show reasonable agreement with the experimental spectra. Also, the 
results compaie favourably with those obtained using the Kuo-Brown and 
Preedom-Wildenthal interactions') . Further, the HF calculation approxi
mately reproduces the results of particle-rotor model calculations and thus 
accounts for the rotational features of these nuclei*). The results have been 
presented at several conferences 5) and a complete report is being written 
up. 
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7.2 Nuclear Structure 

7.3.1 Population of Pair-Excited Intrinsic States In De
formed Nuclei 

J. S. Vaagen* and T. Engeland 
* Institute of Phyåics, University of Bergen, Norway 

The yrast line is for nuclei like i e o Dy with a permanent ground-state 
deformation composed of consecutive segments. The lower part corresponds 
to members of the ground-state (g) rotational band. At a certain spin / 
a new segment starts which corresponds to members of the so-called "su
per" (S) band based on a different intrinsic configuration. The low-/ part 
of this band containing the states before the band becomes yrast, has been 
difficult to detect experimentally. 

1 3r 
S T 

A 44_J£{™ 
2 3 ijHfiaSr^ 

73-
13-

6*0723) 
<t*) (1607) 

8 9 io*m;e) 

66 
Dy(b,a)™Dy 

. _ rH*.*He) 

68 33 8*fi*7) 

100 100 

Figure 7.1: Population of states in I 6 0 Dy reported1) in pick-up reactions. 
The population of the 6 + state in the ground state band is set to 100%. The 
relative one-step transfer strenghts predictions by the rotational model are 
also given. 
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For the c u e of "°Dy there is substantial evidence that the S-band arises 
from rotational aligneroent of two I'U/J neutrons, correlated in Nilsson or
bits to form a deformation aligned configuration. Candidates for low-spin 
members of this band have been suggested from a , 6 l D y ( r , a ) 1 < 0 D y pick-up 
study 1 ) at E, = 24 MeV. Their results are contained in fig. 7.1. Since 
relevant model calculations were not available the tentative assignements 
were rather speculative. In this work population of states in the S-band 
region is discussed within the Pvticle-Rotor Model of ref. 1). The ground 
state of the W I D y target has spin-parity 5 /2* . In the present calculation 
like in previous ones, it was found to be predominantly based on an in
trinsic configuration \IBKB > = |l«fi > with the last neutron occupying 
the KB = (VBKB*B) = [642]5/2 + Nilsson orbit, the Coriolis mixing beeing 
quite small. Expanding in multipoles, the [642]5/? + deformed orbit is dom
inated by its I'IS/J spherical origin, even for the substantial deformation in 
the present case. 

The large kinematic mismatch [Q ~ 10 MeV) in the (r, a) reaction (see 
fig. 7.1) gives a preference for high-/ transfer. An angular momentum 
transfer of I'IS/J (/ = 6, j = 13/2) accompanying a one-step pick-up of the 
[642]5/2 + target neutron, leads from spin-parity considerations to popula
tion of final K = 0 states in 1 6 0 D y with J* = 4 + , 6 + and 8 + . If the states in 
system A (even-even) and system B = A+1 (even-odd) which are connected 
by the transfer are described by the deformation aligned wave functions dis
cussed above, the parentage amplitudes for (/j)-transfer, B(b,a)A between 
these states are approximately given by 5 ) 

Here, the intrinsic part has the explicit form 

Æ = o W ) = V2 (iBKB\ o*. \iAKA = 0)* Ctf, (7.2) 

where ajj f i creates a neutron in the deformed Nilsson orbit KB with angular 
momentum projection KB- For the present case of KB = [642]5/2 + and 113/2 
transfer only one generalized Nilsson coefficient C ? B is significantly different 
from zero; Cf£/t (a 1.0. 

Within this approximation, the relative one-step pick-up strength to 
members of a given band (same intrinsic structure) in A, is predicted to 
be solely goverened by the geometry factor in eq. (7.1), i.e. by the angu
lar momenta involved. As pointed out in ref. 1) the relative populations of 
the gs rotational band is well described by the variation in the geometric 
factor in eq. (7.1). For the 4+ (282 keV), 6+ (581 keV) and 8+ (967 keV) 
states this factor gives a relative population of 18%, 100% and 28% while 
the experimental findings were 20%, 100% and 33%. This indicates that 
the structure model for the lower part of the spectra is reasonable and also 
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NO-OB Eiwgy TraaWtr 1 NUHOB EMrnr TYaiufa 
orbil uplilod» | orbit amplitude 
i/far (k.V) 1 vkn ftfVj 

[640)1/2+ 0409 7J 1521)1/2- 2862 7.6 
(615)11/2+ 6040 1.1 (633)7/2+ 2667 1.5 
[503)7/2- 5805 S.4 (B8) 
[512)3/2- 5795 «.< 52315/2- 1784 2.1 
[5 > 0)1/2" 5582 10.0 642)5/2+ 1504 2.0 
(851)1/2* 5532 10.» 521)3/2" 1257 5.7 

(108) (505)11/2- 1183 1.3 
(624)9/2+ 4181 1.2 851)3/2+ 704 2.8 
(514)7/2- 3953 1.5 860)1/2+ 290 3.9 
(512)5/2- 3288 5.7 532)3/2" 0 3.4 

Table 7.1: Nilsson orbits and individual transfer amplitudes. Two shell gaps 
are indicated at particle number 98 and 108. 

that multistep processes do not disturb the strong population pattern sig
nificantly. An independent measure of the role of multistep processes is the 
population strength observed for the 2+ (87 keV) state, found to be ~ 2%. 

At an excitation energy of Ex = 1723 keV the authors of ref. 1) report 
a peak (see fig. 7.1) with a population strength comparable to that of the 
6+ state and which was assigned i = 6 and I' = 6+. based on its angular 
distribution. This state is their main S-band candidate. Weaker states at 
1607 keV and 1974 keV were tentatively suggested to be the 4 j and 8J band 
members. We have explored the predictions of the Particle-Rotor Model {or 
this region. To this end we write the intrinsic 1 6 0 D y states as 

VAKA = 0) = \(KBKB)empty) + \{KBKS) filled) . (7.3) 

i. e. as a sum of two parts, one with the paired orbits (ICB,5SB) empty and 
the rest with this pair filled with particles.Recall that here Kg = [642]5/2 + . 
Only the first component contributes to the intrinsic parentage amplitude 
in eq. (7.2) which in this model becomes 

#i&-otø) = VScy £ ' C « ' C»-, (7.4) 
a 

wuere the prime on the summation symbol indicates that (KB,'*B) is empty 
in the configurations included. 

The level sequence shown in Tabic 7.1 was employed in the calcula
tions including a valence space of thirteen deformed Nilsson orbital pairs. 
Five pairs of particles were distributed over this valence space. With a 
monopole pairing strength G = 180 keV we find in 1 6 0 D y an intrinsic BCS-
like state. This state gives rise to the g-band. In addition to this conven
tional lowest-lying state our calculation gives another intrinsic K — 0 state 
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at E^{intrituic) a 1176 ksV with an intrinsic 1 = 6 transfer strength \0\2 

equal to 50% of the strength for populating the intrinsic BSOlike state. We 
suggest that the observed state at 1723 keV, tentatively assigned 6} in ref.*) 
and populated with a strength 73% of that observed for the 6*, should be 
reintepreted as the 6 + member of a band on our pair-excited 1175 keV in
trinsic configuration, and similarly for the 4$ and 8j candidates. Assuming 
a moment of inertia comparable to that of the g-band puts this excited band 
in the region of the observed states with the 6 + member at about 1750 keV. 

Our calculation also produces other higher-lying K = 0 intrinsic states, 
but with comparably smaller transfer strength. Only three of these states 
carry an intrinsic transfer strength larger than 10% of the g-band transi
tion, namely those at Et(intrimic) = 1330 keV (13%), 1461 keV (15%) 
and 2680 keV (13%). None of these states provide an explanation for the 
very strong v(2577)/?(581) = 1.6,/ = 6 transfer assigned1) to a state at 
2577 keV. An explanation of this population seems to require a mechanism 
which goes beyond (if = 0)-pairs, and may possibly involve (K = 2)-pairs 
corresponding to i j S / 2 pick-up from the [651]3/2+ orbit in the target nu
cleus. This hypothesis is currently beeing investigated. For further details, 
see ref.3). 
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7.2.2 Partic le-Vibration Coupled states in 1 6 1 D y . A Nu
clear Model Discussion 

T. Engeland and J.S. Vaagen* 
'Institute of Physics, University of Bergen, Norway 

Earlier we reported1) on an experiment which populated states in 1 6 I Dy 
using the inelastic (r,r ) reaction. Strong particle-groups in the 0.9 MeV 
excitation region were interpreted to a.ise from a coupling of an odd particle 
in the [642]5/2+ Nilsson orbital to a ^-vibration of the even core. The 
l / 2 + and 3 / 2 + members of the antialigned particle-vibration sequence were 
found to interact with states from the N = 4 and If = 6 oscillator shell, 
thus modifying previous conclusions on the AN — 2 coupling. 
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Our analysis presented to fir rtftrrad to a strong coupling rotation-
vibration theory*), formulated in an intrinsic fram*. A harmonic treatment 
of the T-vibration turned out to have substantial shortcomminp when faced 
with the data. Thus it was a challenge to go beyond this approximation. 
Furthermore, calculations1) of the core nuclei within the Dynamic Defor
mation theory4) gave rjn.s. values < 7* >lf* of the 7 vibration of 17* and 
13° respectively for 1 S 0 - 1 , J Dy. A situation is suggested similar to the one 
encountered in i e*Er with substantial anharmonicities, analyzed in detail in 
ref.5-8). 

*; Core Energy (keV) *; Core Energy (keV) 
g-Band") -j-Band6) 

0* 0 21- 927 
2+ 87 3+ 1006 
4 + 282 4+ 1109 
6+ 581 5+ 1235 
8+ 967 6 + 1377 
10+ 1408 7+ 1553 
12+ 1957 8 + 1751 
14+ 2634 9 + 1751 
16+ 3412 10+ 2238 
18+ 4290 11+ 2500 
20+ 5268 
a)The excitation energies from I" — 14*** are estimated 
by the rotation model assupmtion / ( / + 1). 
°)The excitation energies from J" = 7 + are estimated 
by the rotation model assumption / ( / + 1). 

Table 7.2: Experimental core energies for the calculation in the Quasiparti-
cle-Core Coupling Model 

In this contribution we discuss a calculation within an alternative the
oretical framework, formulated in the laboratory frame; the Quasiparticle-
Core Coupling Model of Donau and Frauendorf. For a detailed description 
of this approach we refer to ref. 7 , 8). This formulation allow for a variety of 
core possibilities, ranging from vibrations around a spherical shape to per
manent deformations. The present data provides an interesting possibility 
to test this approach in a well deformed region. 

In the calculation a single-particle valence space {a = njaja) consist
ing of the orbitals {li'is/i, 2ga/z) was employed with a level separation of 
5.4 MeV. An initial calculation was carried out in order to reproduce the 
ground state band in :"'Dy. The '.ore space included the 11 first yrast 
states i?* = 0 + , 2 + , • • •, 20 + , the same set for the lower and upper core and 
with average experimental energies taken from 1 6 0 ^ I 6 2 Dy. These are found in 
table 7.2. The coupling matrix elements between the core states were taken 
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g-bud energies -j-bud energies 

1 Exp. Theor. /? Exp. Tbeor. 
k.V k.V k.V keV 

5/2+ 0 0 1/2+ 0 (730) 0 (844) 
7/2+ 44 50 S/2+ 40 26 
9/2+ 100 90 B/2+ 1 «1 
11/2+ 184 198 7/2+ 112 
13/2+ 2S7 21ft 9/2+ 20 
18/2+ 407 4S« 9/2+ 169 174 

Table 7.3: Experimental and calculated energies in i a i D y 

from the rigid rotor model. 
An attenuation factor {U(1)V{2) + tf(2)V(l)}°, U(V) beeing standard 

orbital occupation amplitudes, with a = 9 was required to obtain a reason
able reproduction of the experimental ! [642]5/2 + ' : 5 /2+, 7 / 2 + , - - - ground 
state sequence. The pairing gap was taken from the experimental odd-
even mass difference to be A = 872 keV and the Fermi level was chosen as 
A = - 2 . 1 MeV below the li'ji/j level (set at 0 MeV). The results are con
tained in table 7.3. Next, a similar calculation was carried out for a particle 
coupled to the 7-band of the core with in-band coupling matrix elements 
only, also taken from the rigid rotor model. Again the experimental core 
states are given in table 7.2 and the calculated states for l e l D y are found in 
table 7.3. 

Compared to the simple harmonic 71-vibration analysis discussed in ref. 1) 
our present result is a clear improvement. The energy separation between 
the Ktf = 9 /2 and iffj = 1/2 band heads which from our experiments is 
estimated to 169 keV is well reproduced. However, the spin sequence is not 
fully reproduced. 

In conclusion, our theoretical model analysis supports the interpretation 
of the new states as 7-vibrations above the ground state of 1 6 1 D y . 
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7.2.3 Quafiparticle-Plui-Core Coupling Model In well De
formed Nuclei and the Coriolii Attenuation Problem 

E.F. Johansen and T. Engeland 

A wellknown problem of the Particle-Rotor Model (PRM) is the strength 
of the coupling of the collective and the tingle particle motion. In many 
nuclei the model predicts the influence of the two degrees of freedom to 
be larger than the experimental data indicate. This is interpreted as a 
coriolis coupling effect, and it has in many cases been necessary to reduce 
the coupling strength by introducing an attenuation factor. 

The coriolis attenuation problem does not appear only in the PRM. 
Other models of nuclear structure which try to describe both collective 
rotational and single particle degrees of freedom are faced with the same 
phenomenon. In the semi-classical cranking modDl the problem originally 
seemed not to be present. But for example in a calculation for high spin 
states <u " S 5U an attenuation factor had to be used'). More generally, when 
the solutions are projected onto states with proper angular momentum, the 
same effect occurs. The absence of the problem in the ordinary cranking cal
culations is ascribed to the artificial rigidity of the rotation introduced by the 
classical rotational frequency u, i.e. quantal fluctuations are important2). 

In the present work we investigate an alternative description - The 
Quaaiparticle-Plus-Core (QPC) coupling model s , <) which is formulated in 
the laboratory coordinate system. These equations do not explicitly include 
any coriolis and the centrifugal terms as the PRM and the cranking models 
do. A typical feature of nuclear energy spectra is the evidence of both single 
particle and collective degrees of freedom. In a phenomenological picture 
this implies the concept of a core nucleus coupled to one or a few valence 
nucleons. This framework of analysis has proven extremely useful in inter
preting experimental data. In accordance with this idea, the odd-A nucleus 
in the QPC model is described as a linear combination of a particle coupled 
to a (A -1) core and a hole coupled to a (A+1) core. Such a combination is 
chosen in order to incorporate the effect of pairing. Thus the wave function 
for an odd-A nucleus in the QPC model looks like 

| MO = '£{U,[Rj')la]9\B,A-l))i 

+ V/(ifj) (ay ® | RMRS, A + 1))/}. (7.5) 

The definition of two formally distinct cores manifests itself in the assumed 
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orthogonality of the two Nti of basil states: 

5:iMfli)l' + |V/(Hi)P = i. (7.6) 

The eigenvalue equation of the QPC model determine! the Uj{Rj) and 
Vi(Rj) amplitude! in the form 

^[vimj-^KviUR))' ( 7 7 ) 

where HA i» 

Notice the similarity in form of these equations with other theories, such 
as for example the HFB equations. All the terms in the Hamiltonian HA 
consists of matrix elements in the coupled representation (R®j)i . 

The matrix e contains the single particle energies, and is diagonal in 
this representation, 

((Rj,A-l)I\e\{R'j,,A-l)I) = tiSif6RR., 
({Rj,A+\)I\t\(Kj\A+l)I) = sjSrfSnn.. (7.9) 

The schematic monopole pairing interaction A is a block diagonal and 
its matrix elements connect corresponding states of the two core nuclei, 

({Rj,A-l)I\A\{R'j',A+l)I) = ((if?,A + l ) / | A | ( i J V , 4 - l ) ; > 
= ASJJ'SRR.. (7.10) 

The T matrix represents the particle-core coupling. In particular, for 
the QPC Hamiltonian this interaction is chosen as a separable tensor inter
action of the quadrupole type, 

< ( f i i , A - : ) / | r | W , A - i ) / ) 

= < {Rj, A + i)/|r | w , A + i)i) 

= K ( - 1 ) ' + * ' + ' / £ 5 £}<*||Q||JO<i||q|l/>. (7-11) 

Thus one sees that except for angular momentum coupling factors, the ma
trix elements decouple in the core and particle terms. 

The matrices EA±\ represent the core energies and enter in diagonal 
form in this representation, 

URj,A± 1)/|£#" \(R'j',A± 1)1) = E^H^Sm, (7.12) 
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where Eft*1 are energy eigenvalues of the two core*. The parameters are 
regarded as input in the model to be exctracted from experimental data. 
The pairing strength is treated as a parameter. Further details of the model 
are found in ref.') 

We have analysed the three nuclei 1 < s Br, w , E r , and , M U with the QPC 
model using axially symmetric rigid rotor cores. These three well deformed 
nuclei were chosen because of the extensive work which has been done by our 
group to describe these nuclei within the PRM. In the present contribution 
we discuss the result for 1 8 s Er . A complete analysis of all the nuclei are 
found in ref. *}. 

For the QPC model calculation of 1 6 3 Er case the two single particle orbits 
li 'u/j and 2ga/2 were included. The latter state was positioned 5.374 MeV 
above the I'IS/J .It turns out that the precise location of this state is not 
important. The quadrupole coupling strength is evaluated in a rigid rotor 
model for the core systems with harmonic oscillator single particle wave 
functions. This gives the relation 

A2 
5Qs6J (7.13) 

where Q3 is the quadrupole moment of the core and b the oscillator pa
rameter. The parameter A2 determines the coupling strength. With the 

QPC Parameters 
Nucleus A1 [AfeV] \\Mt\'\ A | A M ' ) 1 

lssEr 12.50 -2 .54 0.969 3.40 
1 6 7 £ r l 10.90 -0 .76 1.000 
WBT1 10.90 -1 .02 0.650 2.93 

ISCT/ 10.25 -1 .78 0.624 3.96 

Table 7.4: The QPC parameters for the three nuclei 1 6 s E r , 1 6 7 Er , and 2 3 5 U . 
The pairing gap A is given by the odd-even mass difference, except for 
1 6 7 E r > . 

parameters of talle 7.4 and experimental core energies from6) the final en
ergy spectrum of the QPC model is shown in A of fig. 7.2. As a comparison 
the PRM results in its one-quasiparticle form without the recoil term is 
Bhown in B. For the calculation detail of the PRM see ref. 7). Clearly the 
1 6 3 Er spectrum cannot be reproduced within these models. The influence 
of the coriolis coupling iB much too strong and the lowest rotational band is 
highly compressed and distorted. 

In 1 6 s E r only one excited band head energy is known experimentally, the 
3/2+[65l] Btate. The PRM calculation for this state and the other excited 
band head energy is Bhown in the extended version with explicit treatment 
of the recoil term, labelled Dia.. The QPC energy of the 3/2+[651] state is 
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Figure 7.2: The final energy spectrum of 1 6 s Er. The parameters are listed 
in table 7.4. The QPC model predictions are A, B is the one-quasiparticlu 
PRM calculation of ref.7). For the excited band head energies see the text. 
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placed 26JbeV below the PRM Diag. value. Its position if highly fensitive 
to a variation of the Fermi level. An increase of A by 75 keV puta this 
state at the experimental value. This lowers the state corresponding to the 
7/2+[633] band head by an equivalent amount. 

For the 7/2 + [633] state the difference between the one-quasiparticle 
PRM calculation (BCS) and the prediction of the extended PRM includ
ing recoil (Dia.), ia significant. The QPC model calculation places this 
level 205 keV above the one-quasiparticle PRM model result, which is only 
66 keV below the extended PRM value. The fit of the QPC spectrum to 
the experimental level scheme cannot be much improved by a reduction of 
the pairing A . 

Also the QPC model allows an attenuation of the coupling matrix ele
ments between the single particle and the core degrees of freedom similar 
to the coriolis attenuation in the PRM. For details see ref . 6 ) . In QPC the 
reduction is characterized by the factor 7, see table 7.4. In the 1 M E r case 
an attenuation of the off-diagonal coupling matrix elements gives the best 
all-over fit to experimental data for a 7 = 3.4. This is roughly equivalent 
to an attenuation factor of 0.60 in the PRM picture. In ref. ) a factor 0.76 
is used with PRM calculations. The ground state band is shown in fig. 7.3 
as A. This value for the attenuation improves the sequence built upon the 
5 / 2 + ground Btate band-head. However, the decoupling is still too large. 
An increased attenuation with 7 = 4.025 is shown in fig. 7.3 as B. This im
proves the ground state band somewhat, but worsen the agreement with the 
excited band-head energies. Thus, it seems necessary to introduce a more 
sophisticated procedure by applying a state dependent attenuation factor. 

In conclusion, we find in our analysis of the three nuclei 1 6 s E r , , 6 7 E r 
and 2 ! 5 U that the final energy spectra need an attenuation of the coupling 
between the single particle and core degrees of freedom in order to reproduce 
the experimental energy level scheme. The problem is of similar magnitude 
as in the one-quasiparticle version of PRM. 
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Figure 7.3: The energy levels of 1 8 S Er in QPC model calculated with an 
attenuation of the off-diagonal matrix elements by a factor "y = 3.4 in A, 
and t = 4.075 in B. The parameters are listed in table 7.4 
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Chapter 8 

Other Fields of Research 

8.1 Fall—Out after the Chernobyl Reactor Acci
dent 

M.Guttormsen, T.Holtebekk and T.Ramsøy 

Shortly after the announcement of increase in radioacitivity in the radia
tion background in Norway due to an accident with a nuclear reactor in the 
Soviet Union, some spectroscopic 7-ray measurements were made on grass 
and leaves from the Blindern area. The spectra showed strong peaks due to 
the reactor products 1 S 1 I , l s < C s and l s 7 Cs. The intensity of the radiation 
was comparable with the natural background, and far below the safety level 
for radiation. 

At this time it was known that the fall-out radiation was much higher in 
other parts of Norway, and that it might be neccessary to study the spread 
of the radioacitive products at a large scale. Since our f-ray spectrometers 
are well suited for quantitative measurements, we informed the National 
Institute of Radiation Hygiene (SIS) that we were willing to help with such 
measurements in case it was needed. We were then asked by SIS to assist 
with measurements on soil samples send in from all Norwegian municipals. 
For the analysis reference standards, special data handling programs and 
measuring procedure were worked out in collaboration with SIS. All together 
140 samples were measured by us during June and July. A typical spectrum 
is shown in fig. 8.1. No further request for measurements has since been 
made. 
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Figure 6.1: Gamma ray spectrum from earth sample. 

Natural Background 7-Radiation Survey and 
the Fallout from the Chernobyl Accident 

T. Strand* and A. Storruste 
'The National Institute of Radiaton Hygiene, Bærum, Norway 

After the Chernobyl accident the further measurements for the planned 
large-scale natural indoor -y-radiation survey in Norway1) has to be post
poned for several years. By coincidence, a few days befor the accident we 
had placed TLD dosemeters in about 900 randomly selected houses in the 
south-eastern part of Norway. The results of these measurements were used 
to estimate indoor 7-radiation doses to the Norwegian population from the 
fallout the first month after the accident"). Follow-up measurements in the 
same 900 houses have been performed in the third and sixth month after 
the accident. 

After the accident we have continued the work on fall-out in collabora
tion with the Nationat Institute of Radiation Hygiene (SIS). Calculations 
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of outdoor external -»-radiation, based on measurements on earth samples 
from each Norwegian municipality, are being performed. For the natural 
indoor radiation we have changed over to radon measurements which are 
not influenced by the fall-out 3). 

In a collaboration by the Norwegian Geological Survey (NGU), SIS ant 
the Institute of Physics a project is started for the purpose to calibrate and 
get more information from the aircraft measurements performed by NGU 
after the accident. 

References: 

1. Nuclear Physics Group Annual Report 1985. Institute of Physics Re
port 8 6 - 1 6 70. 

2. T . Strand and E. Stranden. Radiation Protection Dosimetry 1 8 - 1 
1986. 

3. E. Stranden and T. Strand. Radiation Protection Dosimetry 1 8 - 1 
1986. 

8.3 Wet Breathing Gas 

N.T.Ottestad" and A.Storruste 
"Ottestad Breathing System A/S, Tønsberg 

The work on the project "Wet Breathing Gas" 1 ) has continued. Vari
ous equipments have been made by Vinghøg Mekaniske Verksted, Tønsberg. 
Besides various tests and developments carried out in Tønsberg, main t e s u 
down to 360 m sub water have been performed at the Norwegian Underwa
ter Technology Center (NUTEC), Bergen. Encouraging results have been 
achieved. 

The main financial contributor and supporter in various ways have been 
STATOIL. 

References: 

1. Nuclear Physics Group Annual Report 1984. Institute of Physics Re
port 8 5 - 0 7 1985. 

8.4 Solar Energy Resarch 

The Solar Energy research at Institute of Physics strated in 1980. The re
search has been financed by form NAVF, NTNF, Ministry of Petroleum and 
Energy, Ministry of the Environment, Drammen Energy Supply, Østfold 
Energy Supply and Institute of Physics. In addition to the personell from 
Institute of PhyBics there has been a post doctor stipendiat and a sivilian 
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engineer {rom Østfold Energy Supply. 
Main project: 

• Data logging of tbe prototype solar installation in ZEB building. 

• Solar Energy Houses in Drammen. 

• Calculations and measurements of heat losses in solar panels. 

• Building Solar Energy Houses in Moss. 

• Instrumentation and data logging in the Solar Houses in Moss. 

• Solar Energy in agriculture. 

• Studying solar energy innstallation manufacture in Switzerland and 
Austria. 

• Studying the use of solar energy in agriculture in Switzerland and 
Austria. 

For details see Annual Report from Solar Energy Group 1986, Departements 
of Physics Report 87-07 1987. 
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Chapter 9 

Seminars and Lectures 

9.1 Seminars 
Date : 

21.01 J. Olsen: 

18.02 E. Osnes: 

25.02 P. Hoff: 

04.03 T. Henriksen: 

11.03 J. Kownacki: 

12.03 J. Frøyland: 

13.03 T. Batsch: 

22.04 T. Engeland: 

10.06 K. Gjøtterud: 

20.06 K. Kumar 

24.06 M. Mesghina-Wolde: 

01.07 J. Kownacki: 

02.09 E. Osnes: 

Gamma-Decay from High Excited Low-Spin 
States. 
A-Isobars end ir-Mesons in Nuclei. Report 
from a Conference in Copehagen. 
From the Border-Line between Nuclear 
Physics and Nulear Chemistry. 
Magnetic Resonance and Biomedical Appli
cations. 
Semiempirical Shell Model Calculations sug
gested for the Sr-Zr Region. 
Dynamical Systems. 

Plans for the Data Collection System for the 
Warsaw Cyclotron C-200. 

Core-Particle Coupling in 1 8 1 Dy. 

The Bohr-Einstein Controversy. The Essen
tial Points. 
Dynamical Deformation Mo-te' of Nuclear 
Structure, Fission and Superheavy Nuclei. 
Report from Naples Spring School on Micro
scopic Nuclear Structure Theory. 
Radioactivity Measurements in Warsaw. 

Report from "International Nuclear Physics 
Conference", Harrogate U. K. Aug. 25-30 
1986. 

53 



08.09 W. Davis: 

30.10 S. Meiselt: 

11.11 Z. Zelazny: 

18.11 R.H. Siemssen: 

25.11 E. Otnes: 

The Status of the TASCC Facility at Chalk 
River, and the Research Program. 
Report from XI International Cyclotron Con
ference, Tokyo Oct. 13-18 1986. 
The Cross Section for K-Shell Ionization in
duced by Heavy Charge Particles on High-Z 
Atoms. 
Dissipative ftagmentaion in Assymmetric 
Heavy Ion Reaction. 
Suggestions to New Courses in Nuclear 
Physics. 

9.2 Lectures 

K. Gjøtterud: Thermodynamics for Superconductors. 
Sept.-Dec. 1986. 
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Chapter 10 

Visitors 

Long-term visitors are listed in chapter 2 and guest lectures in chapter 10. 
The following visiting scientists have participated in experiments at the cy
clotron: 

University of Bergen: 

Chalmers University of 
Technology: 

Research Institute of Physics, 
Stockholm: 

G. Løvhøiden 
T. F. Thorsteinsen 
M. F. Kiziltan 

S. Mattsson 
M. Rydehell 
0 . Skeppstedt 

J. Nyberg 

Warsaw University: T. Batsch 
J. Kownacki 
Z. Zelazny 

The following visiting scientists have participated in the theoretical ac
tivities at the Section for Nuclear Physics: 

Univeristy of Bergen: J. Vaagen 

State University of New York 
at Stony Brook: T. T. S. Kuo 
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Chapter 11 

Committees, Conferences 
and Talks 

11.1 Committees and Various Activities 

External committees and activities only are listed. 

T.Engeland: Member of the Board of the Norwegian Physical Society 
(NPS). 
Member of the Council of the European Physical Socir y. 
Referee for Nuclear Physics and Physics Letters. 

K.Gjøtterud: Referee for Nuclear Physics and Physica Scripta. 
Chairman of the committee for The Lisl and Leo Eitinger 
prize. 
Member of the committee for The Knut Rand Stipend. 
Member of The Norwegian Physical Society's Human Rights 
Committee. 
Member of " International Federation of Scientists for Soviet 
Refusniks". 

M.Guttormsen: Referee for Nuclear Physics. 
Member of the Board of the Nuclear Physics Committee of 
the Norwegian Physical Society. 

Chairman of The Norwegian Standardization Organization 
Sub-Committee for Technical and Physical Units. 

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. 

Referee for Nuclear Instruments and Methods. 

T.Holtebekk: 

F.Ingebretsen: 

S.Messelt: 

56 



E.Osnes: 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 Nu
clear Physics, published by World Scientific Publ. Comp.. 
Referee for Nuclear Physics, Physics Letters B and Physica 
Script». 

J .Rekstad: Referee for Nuclear Physics. 
Member of a solar house committee in Østfold Fylke. 
Course leader and lecturer on "Energy Planning and Envi
ronment" at the International Summer School of the Uni
versity of Oslo. 
Member of the Board of Directors of Innovasjonssentret A/S. 
Member of the Board of Directors of "Industriell Green
house in Oslo". 
Engaged by Innovasjonssentret A/S to direct the planning 
of a "Science Park" in Oslo. 
Member of a committee proposing a new research founda
tion in Oslo. 
Engaged by Norwegian TV Broadcasting Company to par
ticipate in, and be a consultant for a program series on en
ergy. (8 programs of 25 minutes). 

R.Tangen: Member of the Norwegian Academy of Science. 

P.O.Tjørn: Member of the Nordic Committee for Accelerator Based Re
search (NOAC). 
Referee for Nuclear Physics. 

11.2 Conferences 

K.GJøtterud participated in The Annual Meeting of "The International 
Committee of Scientist for Soviet Refusniks" and in the seminar " The 
Plight of the Soviets Refusniks - Can Western Learned Societies Help 
Them?" at Oxford University, Oxford, Jan. 12-13. 

E.Osnes participated in the Workshop on &'s in Nuclei, Copenhagen, 
Feb. 3-5. 

E.Osnes participated in the 2nd International Workshop on Local Equilib
rium in Strong Interaction Physics, Santa Fe, New Mexico, USA, 
Apr. 9-12. 
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E.Osnes participated ia iu£ Workibop on the Nuclear Matter Equation of 
State, Berkeley, California, USA, Apr. 21-23. 

E.Osnes participated in the Spring Meeting of the American Physical So
ciety and the APS International Conference on Research and Com
munications in Physics, Washington, DC, USA, Apr. 28-May 1. 

M.Guttormsen and P.O. Tjørn participated in the Workshop on Nuclear 
Structure, Niels Bohr Institute, May 12-17. 

K.Gjøtterud participated in the seminar "Biology and Behaviour - Focus 
on the Brain" at Tømte, Norway, May 23. 

T.Engeland, K. Gjøtterud, T. Holtebekk, E.Osnes and A. Storruste partici
pated in The Annual Meeting of Norwegian Physical Society, Trond
heim, June 16-19, 

E.Osnes participated in the International Nuclear Physics Conference, Har
rogate, England, Aug. 25-30. 

E.Osnes participated in the International Conference and Symposia on Uni
fied Concepts of Many-Body Problems (Nuclei, Stars, Metals and 
Liquid sHe: Windsurfing the Fermi Sea- In honour of G.E. Brown 
on the occasion of his 60th Birthday), Stony Brook, New York, USA, 
Sept. 4-6. 

P.O.Tjørn participated at the Workshop on Nuclear Structure at Moderate 
and High Spin, Lawrence Berkeley Laboiutory, Oct. 13-16. 

S.Messelt participated in the IX'th international Conference on Cyclotrons 
and their Applications, Tokyo, Oct. 13-17. 

T.Engeland and E.Osnes participated in the Workshop on Relativistic Ef
fects in Nuclei, Copenhagen, Nov. 17-20. 

11.3 Visits and Talks 

K.Gjøtterud: Invited talk at the Institute of the History of Ideas, Univer
sity of Oslo, March 19: "Albert Einstein and his Contribu
tion to Science and Humanity". 
Invited talk at Physics Students Association, Oslo, May 6: 
"Niels Bohr and his Contribution to the Epistomology of 
Quantum Mechanics". 
Invited to a public discussion at Tønsbeig High School,Tøns-
berg,Norway, Nov. 7: "How to make Quantum and Atomic 
Physics more easily available to Students at the High School 
Level". 
Invited talks at Kristiansand Katedralskole on the occasion 
on its 300 years anniversary, Kristiansand, Norway, Nov. 24: 
"Quantum Physics for Students in their last High School 
Year" and "Physics and the Conception of Reality". Open 
to the public. 
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M.Guttormsen: Invited talk at the Workahop on Nuclear Structure, The 
Niels Bohr Institute, May 12-17: "Gamma-Decay Studies 
at Low Angular Momentum". 

E.Osnes: Invited talk at the Workshop on A « in Nuclei, Copenhagen, 
Feb. 3-5: "Effective Spin-Isospin Nucleon-Nucleon Interac
tion". 
Visit to Los Alamos National Laboratory, New Mexico, 
USA, Apr. 12-20. 
Discussion leader of the Nuclear Theory Session at the 
Workshop on Nuclear Matter Equation of State, Berkeley, 
California, Apr. 21-23. 
Visit to State University of New York at Stony Brook, New 
York, Apr. 24-27. 
Talk at the APS Spring Meeting, Washington D C , Apr. 28-
May 1: "Shell Model Calculations in (sd) Shell with Effective 
Interactions Derived from Meson Exchange Potentials". 
Talk at the Conference on Research Policy of the Departe
ment of Physics, University of Oslo at Vettre, Asker, May 28: 
" Research Plans in Physics in Norway and USA". 
Invited oral contribution at the International Nuclei Physics 
Conference at Harrogate, England, Aug. 25-30: "Shell 
Model Calculations with Modern Effective Interactions". 
Visits to State University of New York at Stony Brook, New 
York, USA, Sep. 3-10 and invited symposium talk at the In
ternational Conference and Symposium on Unified Concepts 
of Many-Body Problems, Sep. 4-6: "What Happened to the 
Kuo-Brown Interaction?". 
Invited series of lectures at the University of Bergen, Dec. 8-
9: "The Nuclear Matter Equation of State". 

J.Rekstad: Invited talk, KVD, Groningen, Jan. 7: "Structure and De
cay Properties of Low Spin States at High Excitation En
ergy". 
Participated in a workshop at Daresbury on future experi
ments in the ESSA 30 collaboration, Jan. 9-11. 
Participated at a press conference on university-industry 
collaboration, Jan. 30. 
Invited talk at a one-day seminar arranged by the Nor
wegian Researchers Association (Norsk Forskerforbund), 
Apr. 22: "The Innovation Center and the Science Park in 
Oslo." 
Invited talk at a one-day conference arranged by the Norwe
gian Solar Energy Association, Apr. 29: "Water-Based Solar 
Energy Systems Developed at The University of Oslo". 

59 



Invited talk a one-day conference on Research Evaluation, 
arranged by Nordic Council, Stockholm Sept. 2-5: "NAVF 
Evaluates Research Disiplines - Why?". 
Invited talk at Oslo Arbeidersamfunn, Sep. 23:" Research 
and Industry - Together?". 
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Chapter 12 

Thesis, Publications and 
Reports 

12.1 Thesis 

1. Jan B. Olsen: 
An Investigation of 1 7 0 Yb at High Intrinsic Energy. 
Cand. Scient. thesis (In Norwegian). 

12 .2 Scientif ic P u b l i c a t i o n s 

12.2.1 Nuclear Physics and Instrumentation 

1. F.Brut, E.Osnes and D.Strottman: 
Shell Model Calculations with Effective Interactions Derived from 
Meson-Exchange Potentials. 
Bull. Am. Phys. Soc. 31 (1986) 815. 

2. P.Brut, E.Osnes and D.Strottman: 
Shell Model Calculations with Modern Effective Interactions. 
Proc. Int. Nuclear Physics Conference, Harrogate, England, 
Aug. 25-30, 1986, Vol. 1 (1986) 77. 

3. T.Engeland and J.S.Vaagen: 
Population of Non-Coherent Intrinsic States in Anomalous (t,p) 
Monopole Transfer on Odd-Mass Rare-Earth Isotopes. 
Phyaica Script» 34 (1986) 703. 

4. 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: 
Statistical 7-Decay in s-d Shell Nuclei. 
Physica Scripta 33 (1986) 385. 
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5. H.Hiibel, A.P.Byrne, S.Ogaza, A.E.Stuchbery, G.D.Dr-.uulis and 
M.Guttormsen: 
High-Spin Structure of i » - " « H g and the Cranked Shell Model. 
Nuclear Physics A 4 5 3 (1986) 316. 

6. E.Osnes and D.Strottman: 
Causal Constraints on the Nuclar Matter Equation of State . 
Physics Letter 1 6 6 B (1986) 5. 

7. J.Rekstad, M.Guttormsen, A.Atac, F.Ingebretsen, S.Messelt, 
T.Ramsøy, T.F.Thorsteinsen, G.Løvhøiden and T.Rødland: 
Structure and Decay Properties of Low Spin States a t High Exitation 
Energy. 
Physica Scripta 34 (1986) 644. 

8. J.Simpson, D.V.Elenkov, P.D.Forsyth, D.Howe, B.M.Nyako, 
M.A.Riley, J.F.Sharpey-Schafer, B.Herskind, A.Holm and P.O.Tjøm: 
The Strong Interaction Strength of the First Proton Alignment in 
»"Ho. 
Journal of Physics G: Nuclear Physics 12 (1986) 67. 

9. J.S.Vaagen and T.Engeland: 
Population of Pair-Excited States in Deformed Nuclei. 
Proceedings "Microscopic Approaches to Nuclear Structure 
Calculations", Sorrento May 19-23, 1986. 

1 2 . 2 . 2 S o l a r E n e r g y 

10. C.Choudhury: 
Performance of an Indium-Tin-Oxide-Coated Cobalt Oxide 
Selective Absorber. 
Energy Convers. Mgmt. 26 (1986) 245. 

11. C.Choudhury and H.K.Shegal: 
A Fresnel Strip Reflector-Concentrator for Tubular Solar Energy 
Collectors. 
Applied Energy 23 (1986) 143. 

12 .3 Scientif ic and Technical R e p o r t s 

12.3.1 Nuclear Physics and Instrumentation 

1. Nuclear Physics Group Annual Report 1985. 
University of Oslo, Institute of Physics Report 8 6 - 1 6 , 1986. 
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2. A.Atac, J.Rekstad, M.Guttormsen, S.Messelt, T.Ramsøy, 
T.F.Thorsteinsen, G.Løvhøiden and T.Rødland: 
The Decay of Hot Dysprosium Nuclei. 
Submitted to Nuclear Physics. 

3. K.P.Blume, H.Hubel, M.Murzel, J.Recht, K.Theine, H.KIuge, 
A.Kuhnert, K.H.Maier, A.Maj, M.Guttormsen and A.P.de Lima: 
High-Spin States in l«--M»Hf. 
Preprint. 

4. G.E.Brown and E.Osnes: 
The Compression Modulus of Nuclear Matter. 
Unpublished manuscript, 1986. 

5. M.Guttormsen, T.Ramsøy and J.Rekstad: 
The First Generation of-j-Rays from Hot Nuclei. 
University of Oslo, Institute of Physics Report 8 6 - 1 9 , 1986. 

6. H.Hubel, K.P.Blume, K.H.Maier, A.Maj, H.KIuge, A.Kuhnert, 
J.Recht, and M.Guttormsen: 
High-Spin States in 1 6 S - 1 6 6 H f . 
XXIII International Winter Meeting on Nuclear Physics, Bormio, 
Ricerca Sci. Educaz. Perm., Suppl. 47 (1985) 255. 

7. E.Osnes: 
What happened to the Kuo-Brown Interaction? 
To be published in the Proceedings of the International Conference 
and Symposium on Unified Concepts of Many-Body Problems, Stony 
Brook, New York, USA, Sept. 4-6, 1986. 

8. T.Ramsøy, A.Atac, T.Engeland, M.Guttormsen, J.Rekstad, 
G.Løvhøiden, T.F.Thorsteinsen and J.S.Vaagen: 
Particle-Vibration Coupled States in 1 6 1 D y . 
Submitted to Nuclear Physics. 

9. J.Rekstad, A.Atac, M.Guttormsen, T.Ramsøy, J.B.Olsen, 
F.Ingebretsen, T.F.Thorsteinsen, G.Løvhøiden and T.Rødland: 
Reaction Dependence and Gross Structure of the 7-Decay of Highly 
Excited States in the Rare Earth Nucleus 1 6 2 D y . 
University of Oslo, Institute of Physics Report 8 6 - 0 8 , 1986. 
Submitted to Nuclear Physics. 

10. J.Rekstad, M.Guttormsen, A.Atac, F.Ingebretsen, S.Messelt, 
T.Ramsøy, T.F.Thorsteinsen, G.Løvhøiden and T.Rødland: 
Structure and Decay Properties of Low Spin States at High 
Excitation Energy. 
University of Oslo, Institute of Physics Report 86-11 , 1986. 
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11. T.F.Thoreteinsen, G.Løvhøiden, T.Rødland, M.Guttormsen, 
T.Ramsøy and J.Rekatad: 
Observation of an Isomer in the , e i Dy( 'He ,cry ) 1 S 0 Dy Reaction. 
Preprint. 

12. T.Strand and A.Storruste: 
Thermoluminence Albedo-Neutron Dosimetry. 
University of Oslo, Institute of PhyBics Report 66-26, 1986. 

1 2 . 3 . 2 S o l a r E n e r g y 

13. S.L.Andersen, I.Espe and M.Mehlen: 
Report from Solar Energy Installations a t the University of Oslo. 
University of OBIO, Institute of Physics Report 86 -22 , 1986. 

12.4 Non—Scientific Publications (In Norwegian) 

1. S.L.Andersen: 
Drying Hay with Solar Panel Systems. 
Bondebladet July 22 and July 29, 1986. 

2. T. Holtebekk: 
Several articles on physics in Aschehoug and Gyldendals Store 
Norske Leksikon. 

3. F.Ingebreten et al.: 
Valg av strategier og innsatsområder i norsk energiforskning. 
Utgitt av Rådgivende Komite for Energiforskning, Olje- og energi-
department.it, Oslo 1986. 

4. E.Osnes: 
Redaktørskifte (Change of Editors). 
Fra Fysikkens Verden 48 (1986) 49. 

5. E.Osnes: 
Årsmelding fra Norsk Fysisk Selskap 1985-1986 (Annual Report of 
Norwegian Physical Society 1985-1986). 
Fra Fysikkens Verden 48 (1986) 66. 
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