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1 INTRODUCTION 

After two years of operation the Oslo cyclotron has proven itself as a 
reliable and convenient accelerator for nuclear structure studies and 
radionuclide production. The effective running time of the accelerator 
has been 128 days (compared to 90 days in 1980). Still, this is somewhat 
short, but there have been unavoidable shutdowns in connection with 
new installations. 

The year of 1981 witnessed a substantial upgrading of the NORD-10 com
puter which is connected on-line to the experiments. The computer 
system has proven its capability in several experiments and has become 
one of the attractive features of the Cyclotron laboratory. Also, the 
laboratory was equipped with detectors and electronics for particle-gamma 
coincidence measurements. 

These developments have enabled us to shift most of our experimental 
activity to our own cyclotron laboratory. A new technique for measuring 
gamma-ray multiplicity as a function of excitation energy has been devel
oped and opened up a new area of nuclear s tructure studies at high 
temperature. This field of research seems to be well adapted both to the 
performance of the accelerator itself and to the peripheral instrumentation 
including the on-line computer system. Nuclear theory work has also 
been started in this field. 

To ensure the diversity of our work it is necessary, however, that we 
continue our activity at other laboratories, where the accelerators and 
instrumentation are suitable for the study of other problems. Thus , we 
have maintained our contacts with the Niels Bohr Tandem Accelerator 
Laboratory at Riso and the Nuclear Physics Accelerator Laboratory at 
Groningen. 

On the other hand, it seems that the Oslo cyclotron has become a valu
able addition to the accelerator park in Scandinavia. In particular, it has 
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allowed an extension of the available beam energies, the He beam up to 
48 MeV being its most attractive feature. Further , the well developed 
on-line computer system has added to its usefulness. As a result , seve
ral groups from other laboratories all over Scandinavia have taken part 
in the work at the cyclotron laboratory. Some of the experiments have 
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been supplements to or extensions of experiments performed at other 
nordic laboratories, but an increasing number of experiments carried out 
at the Oslo cyclotron have their own merits. 

The participation of physicists from other Scandinavian laboratories has 
also served as a most valuable increase of manpower at the cyclotron 
laboratory and helped us to exploit the capacity of the machine far 
beyond the ability of our own small group. We would like to thank our 
colleagues for their enthusiastic collaboration and not in the least for 
their patience and polite tolerance during all the problems which unavoid
ably arise with new installations. 

In the past year a number of students have also started enthusiastic 
work on the nuclear physics projects at the cyclotron. In addition, 
several students have been working for some time on the development of 
the electronics and computer system. Three have already finished their 
master's theses based on work in the latter field. Thus , the cyclotron 
laboratory may have an important role to play in the technologically 
oriented studies at the institute. 

During 1981, 5% of the total running time of the cyclotron has been 
devoted to production of radionuclides for medical use . Routine produc-
tion has not yet s tarted, but procedures for production of the Ga 

fil 81 isotope and of Rb- Kr generators have been established. 

Considerable activity has been carried out in solar-energy research. In 
particular, a new type of solar collector has been developed, and a 
patent taken out on behalf of the Institute of Physics. A new solar 
heating system for small houses has also been developed. 

The developments sketched above would not have been possible without 
the continued support from the Norwegian Research Council for Science 
and Humanities (NAVF). Our activity at other laboratories has been 
funded by the Nordic Committee for Accelerator-Based Research (NOAC). 
Indeed, the relatively small NOAC-fund has made the collective use of 
the various resources available in Scandinavian accelerator laboratories 
more efficient. Further , we are grateful to the Nordic Institute of Theo
retical Atomic Physics (NORDITA) for support in terms of travel grants 
to guest lecturers visiting Oslo and to members of the group visiting 
Copenhagen. 
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On the personnel side, we would like to thank our chief engineer, 
E.A. Olsen, for his untiring and persistent efforts to keep the cyclotron 
and other equipment in operation. Further, the invaluable work of 
G. Midttun, B. Skaali and J. Wikne on the computer and data acquisi
tion system is highly appreciated. 

At the time of writing this report, the senior member of our group and 
founder of nuclear physics in Norway, professor Roald Tangen, has 
celebrated his 70th birthday. As a modest tribute to him for his impor
tant contributions to accelerator design and construction, to nuclear 
structure studies and to the development of nuclear physics in Norway, 
we would like to dedicate this report to him on his 70th birthday. 

Oslo, April 1982 

Eivind Osnes 
editor 
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2 PERSONNEL 

2.1 Research Staff 

0 . Aspelund (NAVF*) 

S. Bjerke (NAVF) 

T. Bjørnstad (NAVF) 

T. Engeland 

1. Espe 

K. Gjøtterud 

A. Henriquez 

T. Holtebekk 

F . Ingebretsen 

S. Messelt 

M. Mehlen 

2.2 Technical Staff 

F . Aulie (to April 1981) E. A. Olsen 

E. Halvorsen A. Ruud (NAVF, from Sep t . l ) 

M. Hamstad (Sept.l-Nov.30) A.K.I . Straumsheim (NAVF, to Aug. 31) 

2.3 Students 

As of December 31, 1981, 13 graduate students (for the degree of cand. 

real. or cand.scient . ) and 2 doctoral students (for the degree of 

dr . sc ien t . ) were associated with the group. One IAESTE summer student 

worked with the group in Aug. /Sept . 

G. Midttun (on leave to CERN, 

from Sept. 1) 

E. Osnes (Chairman) 

J. Rekstad 

B. Skaali (Ectronics Group, on leave 

to CERN until May 15.) 

A. Storruste 

R. Tangen (NAVF) 

J . Wikne 

R. Øyan 

NAVF: Norwegian Research Council for Science and Humanities 

http://Sept.l-Nov.30
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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 week-end runs when required. Maintenance 
and work on new installations, developments and experimental setups are 
usually performed during ordinary working hours . During the year the 
cyclotron has been in operation 128 days with a total ion source running 
time of 1420 hours . The longest continuously running experiment lasted 
16 days, interrupted only briefly for regular change of cathodes and for 
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degassing of the absorbents in the He regaining system. 

The beam has mainly been used for experiments in nuclear physics. In 
addition 18 runs on experiments related to radionuclide production, 
totalling 35 hours ion source running, and two runs for the nuclear 
chemistry group (5 hours) have been made. 

The deflector in the cyclotron showed, after being in use for two years , 
severe signs of material damage. Since it during the runs becomes highly 
activated, it has to be stored for several months before it can be hand
led in the workshop. It has been replaced by a new deflector, delivered 
from AB Scanditronix, and these two deflectors may now regularly be 
interchanged, one stored for deactivation while the other one is in use. 
In connenction with the replacement of the deflector, special arrange
ments for handling of activated components were constructed, and a 
storage room for radioactive material was built. 

There has been several minor stop periods due to occasionally occurring 
leakages in the vacuum system. Two leakages have been located, one 
from the freon filled tubes in the cooling baffle in one of the diffusion 
pumps, the other one from the water channels in the anode of the ion 
source. The baffle has been replaced. The anode is temporarily repaired 
and a new anode is now under construction. 

A switching magnet delivered by AB Scanditronix has been installed in 
the experimental hall, and three beam lines are now available. The scat
tering chamber and the electron spectrometer are now connected to the 
-30° and +30° beam lines respectively, while the 0° beam line is reserved 
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Days % 
110 61 

18 5 
37 10 
40 11 
13 3 
35 10 

for gamma-spectroscopy and particle-gamma measurements. Since we so 
far have had only one quadrupole doublet in the experimental hall, the 
doublet is placed upstream from the switching magnet. This arrangement 
works satisfactorily for the scattering chamber. Due to the considerably 
longer distance to the gamma-ray target station a second doublet now 
ordered from Danfysik A/S, will be installed between the switching 
magnet and the gamma-ray target to decrease the beam spot at this 
place. 

The activity in the laboratory in 1981 is distributed in the various fields 
as follows: 

Nuclear physics experiments 
Radionuclide production, 

nuclear chemistry 
Unscheduled maintenance 
Routine maintenance 
New installations 
Experimental setup, equipment tests 

3.2 The Beam Transport System 

3.2.1 Beam pulsing 

S. Messelt and O. Trondal (stud.) 

Particle orbits in the central region of the cyclotron has been studied by 
computer simulation to help in designing an internal pulsing system. A 
simple system with two electrostatic deflector plates which can be used 
for both push-pull and push-push operation mode of the cyclotron, 
seems possible and will be tried. 

The computer program has also been used to study orbits for alpha 
particle acceleration on the 6th harmonic mode. If possible, this would 
give 2-3 MeV alpha particles which are of interest for the solid state 
group now using the Van de Graaff accelerator. This type of operation 
does not seem possible, however, since the ion source distance from the 
centre of the cyclotron can not be decreased. 
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Instead of using deflector plates to produce pulses in the millisecond 
region it should be possible to pulse the ion source arc current. For 
most experiments using protons and deuterons the arc current is not 
more than 10-20 mA, and a 2 kV, 25 mA power supply which can be 
pulsed, has been built and will soon be tested. 

To study isomers with lifetimes of the order of the inverse cyiotron fre
quency an external deflector system has to be used. The building of 
such a system has been delayed due to lack of man-power and to other 
more urgent projects. 

3 

3.2.2 Proceedings on the regain system for He 

J. Wikne 

1) 3 
The automatic regain system for He which was described in the 1980 
report has now been successfully in use for at least 5G0 hours, with an 
average regain efficiency of about 80-90%, depending mainly on the 
duration of the runs. 
The only major problem encountered so far has been the occationai 
freezing of contaminants at the trap inlets, resulting in a reduced upper 
limit to the duration of the runs. Although this is presumably due to the 
ion-source leaking water, attempts have been made to get the regain 
system more "contamination proof", since the possibilities of leaks in 
other parts of the system never can be excluded. 

These attempts, so far only partially successful, have consisted of 
placing a small "bulb", filled with activated charcoal and kept at room 
temperature, immediately before the first trap. Thiv. "bulb", in fact an 
extra trap, is then meant to deal with the worst contamination. A slight 
improvment was recognized, but the "bulb" is believed to be too small, 
and a larger one is presently being considered. 

1) J. Wikne and E.A. Olsen, An Automatic, Low Cost Recovery System 
for 3He (NIM, in press) 
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4 COMPUTERS AND DATA COLLECTION SYSTEM 

4.1 Computer and Hardware for Data Collection 

4.1.1 The NORD-10 computer 

B. Skaali 

The NORD-10.S computer has been further upgraded in 1981. An addi
tional 64 Kwords of memory and a second 800/1600 BPI magnetic tape unit 
have been installed. 

The main bottleneck of the system is now the very limited filespace 
available on the 10 MB disc. We are investigating the possibility of 
transferring an old disc from the NORD-1.33 computer, which will be 
stopped in 1982. 

The computer is maintained under a service contract with NORSK DATA 
A/S. Although expensive, this contract is of vital importance both for 
keeping the downtime to a minimum and for ensuring regular updating of 
hardware and software. 

4.1.2 Data acquisition hardware 

F. Ingebretsen, G. Midttun, B. Skaali and J. Wikne 

Two graphic systems are in order. These systems are based on the DICO 
display controller and a TV display memory, both developed at CERN. 
Unfortunately the delivery from the manufacturer (NESELCO, Denmark) 
has been delayed several times, and so far only one preliminary system 
has been operational. Both systems have now (Febr. 82) been delivered, 
and we hope to have them running in the near future. As a compensa
tion for late delivery the new system will support colour graphics. 

Currently, 6 ADC's are connected to the system. The ADC-CAMAC 
interface ' module which connects each ADC into single- and multi
parameter configurations, is now also used in two other data acquisition 
systems at the Institute of Physics and Institute of Cemistry. More inter
faces are being built for increasing the number of ADC's in the system. 
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A new version of the ADC scanner which control the multiparameter data 
acquisition has been designed, and is currently being built in the work
shop. The scanner can handle up to 15 A D C ' s 2 \ 

1) G. Midttun, K. Holt, F. Ingebretsen and B. Skaali, A general ADC-
CAHAC interface module, to be published as Ins t i tu te of Physics report 

2) G. Midttun, F. Ingebretsen and B. Skaali, A 15-fold ADC Scanner for 
Nuclear Physics Experiments, to be published 

4.1.3 A microprocessor-based stabilizing system for nuclear data spec
trometers 

L. Bockelie ( s t u d . ) , F . Ingebretsen and G. Midttun 

This system was shortly described in the 1980 report. It can stabilize 
baseline and gain shifts for up to 4 spectrometers. It is connected to the 
NORD computer by means of a CAMAC link. 

4.1.4 A CAMAC compatible data-rate supervision module 

J. Wikne 

The need for continuous 24 hour runs of the cyclotron and data-
collection equipment for certain experiments, and the desire to reduce 
human attention to trivial tasks, motivated the design of a CAMAC module 
for monitoring the data flow. The module should be programmable through 
CAMAC, and be capable of signalling an error condition to the computer 
and/or the operator. 

The single width CAMAC module designed is a dual channel eight bit 
counter with individually presettable upper and lower limits for the 
data-rate on each channel, and a common time-base ranging from 10ms to 
100s for both the channels. The unit is capable of responding to the 
data-rate rising above or falling below the limits by generating LAM 
and/or starting an acoustical alarm (beeper), according to its program
ming. The register contents and status of the module may be read by 
the computer through CAMAC at any time. 

One of the channels is locked to the CAMAC data-rate (its input being 
hardwired to the strobe S2), while the other is readily available on the 
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front (LEMO socket). This configuration makes it possible, for instance, 
to get a direct measure of the average event multiplicity in a multipara
meter experiment, simply by connecting the free input to the EVENT 
READY chain of the ADC-scanner/interface system. The block diagram 
of the CAMAC data-rate monitor is given in Fig. 4 .1 . 

Due to low circuit-board taping capacity at the E-lab, the unit has not 
yet been built and tested. 

4.2 Software for Data Collection 

4.2.1 Data acquisition programs for the cyclotron laboratory 

B. Skaali 

The program systems ALICE and SHIVA have been further developed. 
ALICE has been documented in a separate report . The structure of 
SHIVA has been revised in order to speed up playback of tapes. The 
data sorting task of SHIVA is implemented by means of programs gener
ated by the TONE compiler, see sect. 4 .2 .2 . 

A new program system called NDAS (Nuclear Data Aquisition System) has 
been developed. This program system is written in FORTRAN, and will 
support both on-line data aquisition and general data reduction facilities 
such as least squares peak fitting. The data aquisition package which has 
been developed for S1NTRAN III operating system will be documented in 
a forthcoming paper . This package is supported on FORTRAN level 
by a new library package called NDXLIB. 

The NSPECT program provides off-line facilities for automatic peak 
search and area evaluation. 

1) B. Skaali, ALICE, A Computer Program for Nuclear Data Aquisition, 
Inst, of Physics Report 81-06 

2) B. Skaali, A SINTRAN III Data Aquisition Package, to be published 
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4.2.2 TONE - the tape sorting algorithm compiler 

A. Haugen (stud.) , F. Ingebretsen, B. Skaali and S. Messelt 

The tape scanning algorithm compiler has been previously described in 
the 1979 and 1980 Annual Reports. The compiler has been extensively 
used in the multi-parameter experiments as well as in the tape playback 
during this year. Some new features have been added, and in particular 
much experience using the algebraic features of the language has been 
gained. This will be described briefly in the following. The compiler 
and its structure has now been written up completely in a cand.real. 
thesis (A .H. ) . 

Carged particle identification. 
The identification of light charged particles observed in a dE-E-counter 
telescope has been implemented. The algorithm is based on the method 
suggested by B. Hird and R.W. Ollerhead, Nucl. Instr . and Meth. 17 
(1969) 231. From the pulseheights of the two detectors, the physical 
thickness of the dE-detector is calculated. The range-energy curve is 
stored as a function of the form: 

Range=E*(A+B*E)+F*E/(E+C) 

The constants used are based on a spectrometer dispersion of 20 keV per 
channel. With E as the pulseheight channel, the range is found with the 
following constants: 

A=0.8174300 for deuterons and = 0.29871 for 3 He, 
B=0.0008724 for deuterons and = 0.000133 for J H e , 
C=566.17500 for deuterons and = 1864.00 for He, 
F=-409.2540 for deuterons and = -474.768 for 3 He. 

The constants have been selected to give the dE-detector thickness in 
mycrons. This is of course a matter of normalisation only. Furthermore, 
the tw~ parameter sets above are selected for the particle Z-value one 
wants to measure most accurately. For other spectrometer dispersions, 
the constants should be normalized accordingly. 

The two pulseheights are converted to floating point numbers, and a 
range-spectrum is generated. Gates in this spectrum is then used for 
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routing of the total energy pulseheights to the corresponding particle 
spectra. An example is shown in Fig. 4.2. Here the deuteron constants 
have been used, and the particle selection must be characterized as very 
good. The calculations necessary for particle identification takes about 
100 microseconds of CPU time. The maximum derandomized datarate 
without deadtime-loss is therefore about 10000 events per s. An alterna
tive and much faster procedure, as suggested by Hird and Ollerhead, 
will then be to use a pre-stored range-energy table for look-up. The 
TONE language has provisions for this, but at the expense of a core-
resident spectrum. 

Gain and zero-intercept correction. 
In most multi-parameter experiments, several parameters are routed into 
the same pulseheight spectra. This, of course, can only be done if the 
corresponding spectrometers have the same calibration. This is not 
always easily done by hardware bias and gain adjustments. Provisions 
have therefore been made for on- or off-line gain and zero-intercept 
corrections. 

The necessary corrections are performed numerically by converting the 
pulseheights to floating point numbers. A random pulseheight fraction in 
the interval [0 - 1) is added to avoid round-off "spikes" in the spectra. 
The random numbers are generated from the incoming data, usually a 
4-bit part of a parameter will suffice. 

An example is shown in Fig. 4 .3 . Here, 3 Ge(Li) detectors have been 
used in a gamma-gamma coincidence experiment. Since all detector combi
nations are recorded, data from all three detectors will be routed into 
the gated spectra. The gain and bias mismatch seen in Fig. 4.3a is 
completely removed after the correction, see Fig. 4. 3b. 



16 

P <» t 

Jli 
ThleknMS «paotrua 

1 

[ 

P alph* 

I' 
IX J 

• 

ThlckiMK apaotnm 

Fig. 4.2 Thickness spectra for particles at 30 from Al + a, 
26 MeV bombarding energy. 



17 

CHANNEL CORRECTED 

500 CHANNEL 
Fig. 4.3 



18 

5 NUCLEAR INSTRUMENTATION AT THE CYCLOTRON LABORATORY 

5.1 Laboratory Equipment 

F. Ingebretsen 

The 1981 grant from NAVF has helped considerably in the instrumental 
upgrading on the electronics and the detector side. Including some pre 
viously purchased equipment, the units available for nuclear physics 
experiments comprise the following items: 
ADC's: 

3 Silena 400 MHz, model 7420/G 
2 Silena 100 MHz, model 7411 
1 Laben 100 MHz, model 8210 
1 Canberra < 13 us, model 8080, 

all with 8k capacity. 

In addition to some old amplifiers of various makes including "home 
made", the following spectroscopy amplifiers are available: 

3 Tennelec TC 205 A 
3 Tennelec TC 202 BLR 
1 Canberra 2020. 

Furthermore, an upgrading of the fast electronics equipment for the 
many-parameter experiments comprises several of the new fast NIM 
modules from LECROY. 

An 18.5%, 1.83 keV resolution Ge(Li) detector from Princeton Gamma-Tech 
has been purchased. This detector has the geometry suited for an anti-
comption shield that , thanks to the 1982 NAVF grant, will soon be avail
able. In addition, a 4.5% intrinsic, thin window Ge(Li) detector, allocated 
to the isotope project, is also available for nuclear physics experiments. 

5.2 Apparatus Development 

5.2.1 Upgrading of miniorange B-spectroroeter 

A. Henriquez, T. Holtebekk and J. Rekstad 

The miniorange spectrometer of the van Klinken type ' is getting an 
improved vacuum and cooling system. 
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A cryogenic pump will be used to cool the Si(Li) detector and to meet 
the stringent vacuum requirements of the miniorange spectrometer. 

1) J.van Klinken et a l . , Nucl. Instr . and Meth. 130 (1975) 427; 
151 (1978) 433 

5.3 Target Production 

R. Tangen 

Self supporting targets of rare earth isotopes have been produced. 
A modification of the traditional method has been developed of combined 
reduction and evarporation, making it possible to produce the isotopes as 
short cylinders with ca 1 mm diameter and 5 mm length. The method 
gives a yield of about 90% of the isopope being treated. 
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6 EXPERIMENTAL NUCLEAR PHYSICS 

During the past year most of our experimental work has been shifted to 
our own accelerator. Here, the main interest is at present the study of 

nuclear structure at high temperature by means of particle-gamma coin

cidence measurements. A new experimental technique has been developed 

for measuring th<. gamma-ray multiplicity as a function of excitation 
energy, and several projects using this method are now under way. 

Further, study of delayed particle emission has been taken up at the 

cyclotron, as an extension of work started by the Jyvaskyla and Helsinki 

groups. Finally, we are engaged in t h . study of rotational properties of 

nuclei at high spins, the experimental work being performed both at the 

Oslo cyclotron and at the tandem accelerator of the Niels Bohr Institute. 

6.1 Rotational Properties of Nuclei 

on 
6.1.1 Band structure in Sr 

P.E. Ekstrom , R. Øyan, J . Rekstad, F. Ingebretsen, 
**) **) ***) 

A. Henriquez, S.E. Arnell , E. Wallander ' and A. Nilsson 

an no o/l 

Band structure in Sr has been studied in the Kr(o,2n) Sr reaction, 

and previously described in the 1980 report. A gas-target equipment 

developed in Gothenburg was used. 

With a 32 MeV ct-béam, gamma-gamma coincidences were measured with a 

three Ge(Li) detectors setup. The spectra were lined up numerically and 

added on-line. 

In Fig. 6.1 spectra in coincidence with 6 -» 4 , 4 -> 2 and 2 -> 0 

transitions are added and show populations up to 12 in the ground-state 

band. Angular distributions analysis shows that the first members of the 

ground-state band are stretched E2-transitions. 

The final analysis is in progress. 

1) S.E. Arnell, A. Nilsson and O. Stankiewicz, Nucl. Phys. 
A241 (1975) 109 

*) Physics Institute, University of Lund, Sweden 

**) Department of Physics, Chalmers University of Technology, 
Gothenburg, Sweden 

***) Research Institute for Physics (AFI), Stockholm, Sweden 
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6.1.2 A study of odd-Z nuclei 

P.O. Tjørn, J .D. Garrett , G.B. Hagemann*, B. Herskind*. 

G. Sletten , A. Henriquez, F. Ingebretsen, J . Kownacki , 
G. Løvhøiden , T .F . Thorsteinsen , J . Rekstad, H. Ryde , 
N. Roy and W. Walus 

In-beam y-ray spectroscopy has been used for a long time to study the 

even-even and odd-N nuclei, and systematic data on the quasineutron 

states are beginning to emerge. On the other hand, very little experimen

tal information is available for the odd Z-nuclei, especially in the spin 

region of the first backbend. 

We have, therefore, started a series of experiments to study the odd-Z 

nuclei 1 5 5 H o , 1 5 7 H o , 1 6 5 L u and 1 7 7 R e . The experiments were done at the 

Niels Bohr Institute Tandem Accelerator. Multiple gamma coincidence data 

were accumulated with 4-5 anticompton shielded Ge(Li) detectors and in 

addition the total gamma energy was measured with "a ball" of BGO de

tectors . 

157 The results of the first experiment to study Ho are described in paper 

no. 18 in the publication list. This paper presents data which for the 

first time give a measure of the Ml transition rates at and above the angu

lar frequencies of the Usi» neutron band crossing. A large signature 

dependence, which is observed both for the excitation energies and the 
157 transition rates below the first backbend in Ho, and which disappears 

above the crossing, is interpreted as a shape change. However, it is 

difficult to understand the transition rates in the band crossing region. 

The available models cannot describe the data, and that is one of the 

reasons for starting new experiments on several odd-Z nuclei. 

* The Niels Bohr Institute, University of Copenhagen, Denmark 

** Institute of Physics, University of Bergen, Norway 

*** Institute of Physics, University of Lund, Sweden 
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6.2 Delayed Particle Emission 

6.2.1 Beta-delayed proton emission 

S. Messelt, J . AystS , J . Honkanen , K. Eskola , K. Vierinen 
and A. Hautojarvi 

For some years physicists in Jyva'skyla and Helsinki have been investi
gating heavy particle ero'.tters using the University of JyvaskylS MC-20 
cyclotron. This year a collaboration with Oslo was started to extend this 
investigation to the higher energies and intensities which can be reached 
with our cyclotron. The necessary experimental equipment as target 
chamber, measuring station, tape transport etc. was taken by car to 
Oslo. The target chamber was mounted in the cyclotron hall to the 0° 
beam line normally used for isotope production while the measuring 
station most of the time was placed in the experimental hall. 

93 In the first experiment Ru nuclides were produced by bombarding 
enriched 92MoO„ targets with a beam of 24 MeV He. Beta delayed proton 
decay of Ru was measured with a single detector or a detector tele
scope and the gamma-ray spectrum measured with a Ge(Li) detector. The 
results from the measurements in Jyvaskyla and Oslo were presented at 
the 4th Int. Conf. on Nuclei Far From Stability 1 . 

The second experiment was mainly consentrated on producing the nucleus 
CI via the S(p,2n) reaction using ZnS targets and 33 MeV protons. 

The length of the capillary, collecting period, detector thickness and 
bombarding energy were varied in order to obtain reliable particle identi
fication. An intense proton group at 989 ± 15 keV was observed. This 

32 group happens to overlap the 991 keV group of CI, but measurements 
31 at 28 MeV, just below the reaction threshold for CI, clearly indicates 

strong intensity increase at 990 keV with higher bombarding energy. 
25 

The half-life of this group was determined to be 150± 2 Q ms in fair agree
ment with the predicted value of 200 ms. The results are presented in 
ref. 2. 

1) J . Aysto, J . Honkanen, K. Eskola, K. Vierinen and S. Messelt, 
4th Int. Conf. on Nuclei Far From Stability, Helsingbr 1981 

2) J . Aysto, J . Honkanen, K. Vierinen, A. Hautojarvi, K. Eskola, 
and S. Messelt, manuscript submitted to Phys. Lett. 

* Dept. of Physics, University of Jyvaskyla, Finland 

** Dept. of Physics, University of Helsinki, Finland 
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6.3 Nuclear Structure at High Temperature 

6.3.1 A new method for investigation of the y-ray multiplicity as a 
function of excitation energy 

J. Rekstad, A. Henriquez, F. Ingebretsen, E.A. Olsen, G.Midttun 

B. Skaali, R. Øyan, S. Messelt, T .F . Thorsteinsen , G. Løvhøiden*, 

L.P. Eks trom 

A considerable effort has been put into the investigation of the statistical 

gamma decay in nuclei produced in compound reactions induced by heavy 

ions . This part of the decay process is characterized by a cooling in 

the nucleus by emission of dipole radiation. 

A serious disadvantage in this method is the simultaneous population of 

states that differ considerably in spin and energy. The total gamma 

radiation consists partly of yrast and yrare transitions of electric quadru-

pole type and partly of statistical gamma rays. At present no efficient 

method exists for a separation of the different types of radiation. 

2) We have developed an alternative method to study the cooling process 

in the nucleus. Single nucleon transfer reactions are shown to be a very 

efficient tool for this type of investigations. In the transfer process only 

sjtates with certain spins are populated, determined by the available 
3 4) single particle angular momentum and the target spin ' . The reaction 

itself works as an effective spin filter in contrast to the compouikd 
process. 

Furthermore, by measuring the energy of the emitted particles, the exci

tation energy of the populated states is uniquely determined. Thus, by 

means of the particle-gamma coincidence technique it is possible to study 

the decay of highly excited levels within narrow energy and spin limits. 

The experimental set-up is shown schematically in Fig. 6.2. Four 1 mm 

thick Si-detectors are placed at 60° relative to the beam axis, while two 

y-detectors (GeLi or Nal) are placed at backward angles (135°). 

The counting rate in the singles particle spectrum is given by 

Singles <V « % <V * £

P • 

where ^= (E ) is the differential cross section for a specific particle 
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emission at 60° angle as a function of excitation energy in the final 
nucleus and e is the total efficiency of the particle detector. 

The counting rate in the particle spectrum recorded in coincidence with 
gamma-radiation can correspondingly be expressed as 

N _ . „ ( E x ) « ^ (E x) • « • M ( V - e c y . 

Here M (E x > is the gamma-ray multiplicity as a function of excitation 
energy, while E (E ) is the efficiency of the gamma detector. 

For a large Nal detector ( e .g . 5"x5") the total gamma efficiency is 
approximately independent of the gamma energy. Thus, the gamma ray 
multiplicity can be deduced by a division of the two particle spectra: 

cointf- jr „ M , „ , 
Nsingles<*x> W ' 

The method serves as a very useful tool for investigations of the y-ray 
multiplicity in the statistical cascades. As an example are shown results 
for the 1 6 1 D y ( 3 H e , a ) 1 6 0 D y reaction. 

The 1 6 1 D y ( H e , o ) 1 6 0 D y reaction has a favourably high Q-value of 14.1 
MeV. Since the particle detectors are relatively thin, all particles recor-

3 
ded with energy higher than the elastieally scattered He particles are 
alphas from the reaction. Thus we obtain a pure a-particle spectrum 
which covers an energy range of approx. 13 MeV in excitation. A singles 
a-particle spectrum is shown in Fig. 6.3. The energy resolution in the 
spectrum is approx. 350 keV. 

Fig. 6.4 shows the a-particle spectrum in coincidence with gamma radi
ation recorded in the Nal detector. The shape of thU spectrum is con
siderably different from the singles spectrum in Fig. 6.3. The gamma-ray 
multiplicity versus excitation energy is obtained by dividing the coinci
dent spectrum with the singles spectrum. The result is shown in 
Fig. 6.5. 

The gross structure of the multiplicity spectrum shows a triangular 
shape. The multiplicity increases linearly with excitation energy up to 
approx. 8 MeV, where the multiplicity drops considerably. This drop in 
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multiplicity is caused by the emission of a neutron followed by one or 
159 

two gamma transitions in Dy, identified by means of the Ge(Li) detec
tor. The sharpness of this edge in the multiplicity spectrum demonstrates 
that particle emission completely dominates as soon as this decay mode is 
energetically possible. 

The linear increase in multiplicity with excitation energy is in agreement 
with an exponential increase in the level density with excitation energy 
provided that the gamma radiation is of dipole type. In the present 
experiment the lower energy limit in the gamma spectrum was 0.4 MeV in 
order to exclude the gamma transitions along the yrast line (from spin 8 
down to the ground state). The maximum average number of dipole 
transitions is close to 6 as shown in Fig. 6.5. There is however, a con
siderable uncertainty in the absolute normalization of the multiplicity spec
trum (±30%). 

References: 

1) S.H. Sie, J.O. Newton, R.M. Diamond, Nucl. Phys. A367 (1981) 176 
and references therein 

2) Annual Report, Nuclear Physics Group, 
University of Oslo (1980), p . 39 

3) B. Elbek and P.O. Tjørn, Advances in Nucl. Phys . , Vol. 3 
(Plenum Press, 1969) 259 

4) Jin Gen-Ming, J .D. Garrett, G. Løvhøiden, T .F . Thorsteinsen, 
J .C. Waddington, J . Rekstad, Phys. Rev. Lett. 46 (1981) 222 

* Institute of Physics, University of Bergen 

** Institute of Physics, University of Lund, Sweden 
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Fig. 6.3 High-energy part of the singles particle spectrum from the 
bombardment of 1 6 1 D y with 27 MeV He particles. The scale 
on the abscissa is given in terms of excitation energy in Dy. 
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Fig. 6.5 Gamma-ray multiplicity spectrum obtained as the ratio of the 
spectra in Figs. 6.4 and 6.3. The stepwise increase of the 
multiplicity with excitation energy is clearly seen. The sudden 
decrease in multiplicity at E = 8 MeV is due to neutron emis
sion. The absolute gamma-ray multiplicity is determined from 
the known decay properties of the populated levels below 
1.5 MeV in excitation. The uncertainty in the experimental 
points is about 8%. 
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6.3.2 Fine-structure in the level density of 1 6 0 D y ? 

J. Rekstad, A. Henriquez, F. Ingebretsen, R. Øyan, B. Skaali, 

G. Midttun, R. Haugland, T .F . Thorsteinsen , L.P. Ekstrom**, 

E. Hammaren 

We have used the 1 6 1 D y ( 3 H e , a ) 1 6 0 D y reaction and the technique de
scribed in subsect. 6.3.1 to study the structure of low spin states in 
lfiO 

Dy as a function of excitation energy. 

A self supporting Dy target with thickness 1.5 mg/cm 2 was bombarded 

with 26 MeV He particles. Charged particles from the reaction were 

recorded by means of four 1 mm thick Si-detectors placed at 60° relative 

to the beam axis. Fig. 6.6 shows a singles particle spectrum covering 
the whole energy range up to approx. 45 MeV. Above the dominating 

3 
peak of elastically scattered He particles the a-spectrum is well sepa-

3 
rated. It is evident that the total ( He,or) reaction cross section is very 

small compared to other reaction channels. 

The singles a-spectrum has a characteristic shape. There is a peak in 

the spectrum at about 2 MeV in excitation. This structure can be explai

ned in terms of pairing correlations, since the pairing force results in a 

concentration of single-particle strength in the vicinity of the ferir.i 

surface. The gradual increase in cross section above 2 MeV of excitation 

essential 

section. 
essentially reflects the Q-value dependence of the { He,a) pick-up cross 

Gamma-rays from the reaction were recorded with a 5" x 5" Nal(Tl) 

detector placed at 135° relative to the beam. Following the method de

scribed in subsect. 6.3.1 the multiplicity spectrum in Fig. 6.7 was 

generated by dividing an a-spectrum taken in coincidence with gamma-

rays by the singles a-spectrum from Fig. 6.6. 

We assume that the decay process is independent of the way in which 

the levels of Dy are populated. Even though the ( He,a) pick-up 

reaction creates hole states with a cross section associated with the 

two-quasiparticle component of the wave function, the y-decay j s depen

ding on the complete wave function of the eigenstates at the particular 

excitation energy. Thus the cooling process is of the same nature as in 

a compound reaction, giving rise to a statistical cascade dominated by 

dipole transitions. 
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A level at an excitation energy of E populated in the ( He,a) process 
will decay by means of gamma-emission of an energy E , where 

w - -̂ p°x- v-
Here p(E _ ) is the level density at the energy E - E ,. Only the 

A - ny x y 
energy-dependence of the level density is of importance for the average 
and distribution of gamma-energy E , as long as only low-spin states are 
considered. The relation between gamma-energy and multiplicity makes is 
possible to gain insight in the variation of nuclear level density with 
energy from a study of the v-multiplicity spectrum. 

The shape of the multiplicity spectrum shown in Fig. 6.7 is in close 
agreement with a level density given by 

p(E) « e k ^ E , 

as deduced for a Fermi gas. 

There is , however, a fine structure in the multiplicity spectrum which 
cannot be accounted for within this model without introducing violent 
oscillations in the level density distribution. In particular a "bump" 
between 4 and 6 MeV of excitation is evident in the multiplicity spec
trum . 

This fine structure is examined further by a study of the y-spectra 
associated with different gates in the a-particle spectrum, see Fig. 6.S. 
All the spectra have a peak structure below 400 MeV which corresponds 

l f iO to the three lowest transitions in the ground band of Dy. In addition 
the spectrum has a Wigner-type of distribution as expected for statistical 
dipole transitions. The spectra from the three lowest gates have a maxi
mum, a "bump" around 1 MeV. In the highest gate this "bump" almost 
disappears, instead an increased amount of low-energy gamma-rays are 
present. 

The origin of the step-like increase in multiplicity with excitation energy 
as well as the change in the y-spectrum for the highest excitation ener
gies is at present not known. 
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An explanation based on a variation in the level density only, seems 
very unlikely. The appearence of low-energy gammas in the spectrum 
from the excitation region above the "bump" in the multiplicity spectrum 
may rather indicate a change in the nuclear structure with hinderance of 
the gamma-transitions across the "critical" region in the spectrum. Such 
a "critical" region might be expected when the nuclear structure change 
from a superfluid regime to a Fermigas system. 

* Institute of Physics, University of Bergen 
** Institute of Physics, University of Lund, Sweden 
*** Institute of Physics, University of Jyvaskyla, Finland 
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Fig. 6.6 Singles charged particle spectrum from the bombardement 
of 1 6 1 D y with 26 MeV 3He-particles at 6 = 60°. 
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Fig. 6.7 Gamma-ray multiplicity versus excitation energy in Dy, 
obtained by means of the Dy( He,a) Dy reaction. 
There is a fine-structure in the spectrum as indicated by 
the arrows. 
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Fig. 6.8 Gamma-rays from Dy corresponding to different gates 
In the a-particle spectrum. The gates are indicated in 
Fig. 6.7. 
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6.3.3 New information on the competition between neutron- and gamma-
decay in 1 6 0 D y 

J. Rekstad, A. Henriquez, F. Ingebretsen, R. Øyan, G. Midttun, 
„ * ** 
B. Skaali, T.F. Thorsteinsen , E. Hammaren 

The experimental technique in sect. 6.3.1 is useful for investigation of 

the competition between neutron and gamma emission. The sudden reduc

tion in multiplicity above an excitation energy corresponding to the neut

ron binding energy, is a direct measure of the ratio r / r . 

A level with excitation energy E (>B ) can deexcite either by neutron 

emission (the probability is P ) or by y-emission (the probability is P ) . 

These two reaction channels correspond to different y-multiplicities, M 

and M respectively. Thus, the measured multiplicity M is given 

by the sum 

(1) H = P n M y n + P y M y y ( P n + P y = 1). 

Fig. 6.9 shows the y-multiplicity obtained in the reaction 

Dy( He,y) Dy plotted as a function of excitation energy in Dy. 
The multiplicity curves above and below the drop near B are extrapola
ted, and for each energy E , the quantities M, M and M are dedu-

x yy yn 

ced. From (1) one gets 

M - M. P.. = V" 
y M - M 

YY Yn 

The probability P for y-emission is equal to the y-width divided by the 

total wid'h 

r 
P = _ J L y r + r 

' Y n 

The ratio r / r can be deduced following the procedure described above. 
V n 160 

Table 1 gives preliminary results for Dy. 

The present method serves as a valuable supplement to the known met

hods (e .g . neutron capture) for investigating the particle emission pro

cess. Detailed inHlv-i- <if several nuclear system" »•:;• no,. ,r. .IIT-TCSS. 

In l i m i t 'I I'l. 

In Mini .1 I'l. 
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Table 1. The ratio r / r for levels in 
1 6 1 D y ( 3 H e , c r ) 1 6 0 D y reaction* 

160, Dy populated in the 

E - B x n 
(keV) 

Y < r

V

 + rn> VPn 

200 

300 

400 

0.9 

0.5 

0.25 

9 

1 

0.33 

The effect of the finite resolution in the particle spectrometer has 
not been subtracted. 
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EK(MeVj 10 

Fig. 6.9 Gamma-ray multiplicity versus «-particle energy for the 
reaction 1 6 1 D y ( 3 H e , a ) at 26 MeV. 
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6.3.4 Gamma transitions in 1 6 0 D y following the 1 6 1 D y ( 3 H e , o ) 1 6 0 D y 

reaction 

R. Haugland, J . Rekstad. A. Henriquez, F. Ingebretsen, 
R. Øyan and T.F . Thorsteinsen 

An> investigation of the y-decay following the 1 6 1 D y ( He,cf) 1 6 0Dy reaction 
has been initiated. 

In a recent paper this reaction was used in a search for low-spin 

numbers of the S-band in the Dy nucleus. An alpha-spectrum recor

ded in the multiangle spectrograph at the Niels Bohr Institute is shown 

in Fig. 6.10. Here, the levels at 1607, 1723 and 1974 keV are probable 

candidates for the 4 , 6 and 8 members of the S-band, respectively. 

In the new experiments we attempt to study the gamma-decay from these 

levels in order to judge the suggestions given in ref. 1. Gamma-rays in 

coincidence with or-particles from the reaction have been recorded. The 

experimental set-up consisted of 4 particle detectors (Si) placed in 

forward angles (60°) and a Ge(Li) detector in backward angle (125 ) 

relative to the beam axis. We used a self supporting Dy target with 

thickness of about 2 mg/cm , enriched to approx. 95%. The beam energy 

was 27 MeV. 

The y-spectrum in coincidence with a-particles corresponding to excita

tion between 0 and 8 Mev is shown in Fig. 6.11. The accumulation time 

wa's approx. 60 hours. The spectrum contains many new transitions in 

and it demonstrates that the technique provides a very useful 

supplement to existing methods for investigation of nuclear decay 

schemes. 

The four lowest transitions in the ground band are the most prominent 

peaks in the spectrum. The fact that the 10 -» 8 transition cannot be 

seen, is in perfect agreement with the idea that the ( He.a) reaction is 

a direct process even in the population of the highest excitation energies. 

Tlfe maximum spin available in the pick-up reaction is ( I t a r „ e t

+ £

n > = 8 -

The transitions at 872, 879, 962 and 966 keV belong to the y-band in 
1 6 0 D y . This band is not populated directly in the ( He,a) process. 
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The transitions at 728 and 646 keV are ascribed to another positive 

parity AI = 1 band with the lowest known state (4 ) at 1694 keV. 

Transitions from the strongly populated levels shown in Fig. 6.10 have 

not been identified so far. The results indicate that the v-decay from 

these two-quasiparticle states is f ragmentated, feeding both the ground 

band and the y-band. 

1) Jin Gen-Ming, J .D. Garrett, G. Løvhøiden, T .F . Thorsteinsen, 

J .C . Waddington, J . Rekstad, Phys. Rev. Lett. 46 (1981) 222 

2) C M . Lederer and V.S. Shirley, Table of Isotopes 

(Wiley, New York, 1978) 

1 * Institute of Physics, University of Bergen 
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Fig. 6.10 Alpha spectrum form the Dy( He,a) Dy reaction 
(from ref. ). 
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6.3.5 Gamma-ray multiplicity of Gd 

J . Rekstad, A. Henriquez, F. Ingebretsen, E.A. Olsen, 

G. Midttun, B. Skaali, R. Øyan, S. Messelt, T .F . Thorsteinsen , 

G. Løvhøiden , L.P. Ekstrom , E. Hammaren 

As a continuation of our experimental project to study the level density 

and structure of rare-earth nuclei at low spin and high temperature we 
154 have used the method described in subsection 6.3.1 to study Gd. 

I C C 
We bombarded a 1.5 mg/cm 2 thick, 90% pure Gd target with 26 MeV 
3 
He particles accelerated in our cyclotron. 

3 
As the Q-value of the reaction ( He,a) is 14.132 MeV, the or-particles 

were well separated from the other outgoing particles. 

In Fig. 6.12 we show the oi-particles singles and coincidences spectra. 

Also shown is the multiplicity spectrum, generated according to the 

method described in subsection 6 .3 .1 . 

Both the singles and coincidences spectra show peaks at about 2, 3.5 

and 5 MeV. The interpretation of these is the same as the one pointed 

out in subsection 6.3.4. 

The multiplicity spectrum shows a structure similar to Dy. 

* Institute of Physics, University of Bergen. 

** Institute of Physics, University of Lund, Sweden. 

*** Institute of Physics, University of Jyvaskyla, Finland. 
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Fig. 6.12 A singles a-particle spectrum from the ' Gd( He,a) fid 

react ion, the same spectrum taken in coincidence with y-
rays , and the resul t ing y-ray mult ipl ic i ty spectrum. 
The uncertainty in the absolute normalization of the mul t i 
p l ic i ty is ±30%. 
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6.3.6 Level density of **'Nd 

R. Øyan, <f. Rekstad, A. Henrique2, F. Ingebretsen, B. Skaali, 

G. Midttun, T.F. Thorsteinsen and E. Hammaren 

Low-spin states of high excitation energy are studied by the reaction 

Nd( He,or) Nd. The experimental technique is described in sub

section 6 .3 .1 . 

14ft The experiment was carried out with a self supporting target of Nd, 

With 27 MeV He-beam, coincidences between particle and y-rays were 

detected by four 1 mm thick Si-detectors and one Ge(Li)- or one 5"x5" 

Nal-detector. 

Alpha singles spectra are shown at the top of Fig. 6.13. The coincidence 

spectrum shown in Fig. 6.13 is a in coincidence with y-rays detected in 

the Nal-counter. The intensity in the a coincidence spectrum falls off at 

an excitation energy of about 5.3 MeV, which is the separation energy of 

one neutron. The interpretation of the peaks in the singles and the coin

cidence spectra at about 1.5, 3 and 4.5 MeV is the same as the one poin

ted out in subsection 6.3,4. 

The third spectrum in Fig. 6.13 gives the y-ray multiplicity of the y-

decay. The spectrum is generated according to the method given in sub

section 6 .3 .1 . 

* Institute of Physics, University of Bergen 

** Institute of Physics, University of Jyvaskyla, Finland 
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Fig. 6.13 A singles o-particle spectrum from the Nd( He,u) Nd 
reaction, the same spectrum taken in coincidence with 
y-rays, and the resulting y-ray multiplicity spectrum. 
The uncertainty in the absolute normalization of the multi
plicity is ±30%. 
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6.3.7 p-p-y coincidence study of the ( He,2pv) reaction mechanism 

E. Hammaren , E. Liukkonen , K. Airas , J . Rekstad, 

F. Ingebretsen, A. Henriquez, R. Øyan and J. Lien 

Recent studies ' of reaction mechanism using particle-gamma coincid

ence techniques have shown that non-statistical reaction channels start 

to compete with statistical ones even at sufficiently low bombarding 

energies. 

3 
We have initiated an investigation of the ( He,2pv) reaction based on the 

measurement of correlated proton pairs in coincidence with gamma rays 

de-exciting the residual final nucleus. The exclusive correlated proton 

spectra obtained will serve as a sensitive probe for distributions of ejec-

tiles to be compared with "spectra" calculated with appropriate reaction 

models. 

As a rough test of the validity of the statistical assumptions we have 

measured angular distributions of exclusive, singles protons at five 

angles from 60° to 140° with respect to the beam with E( 3He) = 15, 20 

and 25 MeV. The results indicate that higher energy protons have a 
3 

tendency to peak at forward angles even at E( He) = 15 MeV thus violat
ing the isotropic behaviour typical for a statistical model. 

The E -E -E coincidence measurements were earned out at 15, 20 and 
P P V 

25 MeV of beam energy, the particle detectors placed both at backward 

(120° or 140°) and forward (60°) angles. An example of the data ob

tained at the back-range geometry is shown in Fig. 6.14. The theoretical 

distributions are obtained from the particle distributions calculated with 
3) the statistical model GROGI ' . Although the experimental sum spectrum 

is well reproduced (see Fig. 6.14b) there are significant deviations in the 
singles spectra, which can be used to study even minor contributions of 

non-statistical processes. 

1) H. Ejiri et a l . . Nucl. Phys. A305 (1978) 167 

2) C.A. Fields et a l . , Nucl. Phys. A366 (1981) 36 

3) J . Gilat, BNL Report 50246 (T-580), 1970 

Institute of Physics, University of JyvaskylS, Finland 

Institute of Physics, University of Bergen. Norwny 
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Fig. 6.14 Comparisons of experimental and calculated (dotted line) 
58 3 59 

proton spectra obtained in the reaction Ni( He,2py)' Ni 
3 

at E( He) = 20 MeV. (a) Partial y-ray spectrum to indi
cate the peak (P) and background (B) windows used to 
produce the particle spectra (b) and (c) . (b) Two-proton 
sum spectrum. Excitation energies indicated are approxi
mative only, (c) Correlated singles proton spectra obtai
ned with the windows shown in (a) and (b ) . 
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7 THEORETICAL NUCLEAR PHYSICS 

The aim of our work in nuclear theory is to understand the many fea
tures of nuclear structure revealed in nuclear reactions. Some efforts are 
devoted to the calculation of nuclear properties from first principles. 
This involves calculating the effective interaction and other effective 
operators from the free nucleon-nucleon interaction, using many-body 
perturbation methods. However, our nuclear structure work also employs 
phenomenological models, such as the shell model and various collective 
models. In particular, much work has been devoted to the particle-rotor 
model and is closely associated with our experimental work. A new 
interest added to our program during the last year is the structure of 
highly excited states studied experimentally in the cyclotron laboratory. 

7.1 Many-Body Theory 

7.1.1 Folded diagram theory of effective operators 

E. Osnes and T .T .S . Kuo 

A comprehensive review ' of the folded diagram theory of effective 
operators is under preparation. Folded diagrams are discussed in detail, 
with emphasis on the case with valence nucleons. Detailed diagram rules 
are derived and illustrated by simple examples. A general proof of the 
cancellation of disconnected diagrams is given, together with the deri
vation of many-body effective interactions. Recent applications to nuclear 
structure calculations, atomic structure calculations, nuclear optical 
potentials and the meson-exchange of the nucleon-nucleon potential are 
discussed. 

1) T .T .S . Kuo and E. Osnes, to be published 

* State University of New York, Stony Brook 
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7.1.2 Feynman- Golds tone diagrams in an angular momentum coupled 
representation 

E. Osnes, T . T . S . Kuo , J . Shurpin , K.C. Tam and ** 
P.J . Ellis 

We have worked out a practical scheme for evaluating perturbation theory 
diagrams in an angular momentum coupled basis. The basic procedure is 
to decompose a given diagram into ladder diagrams, which are easily 
dealt with, as they factorize into products of interaction vertices. Such 
a decomposition is obtained by cutting internal lines and performing 
suitable angular momentum recouplings. These operations give rise to 
simple geometric factors, which can be written down essentially by 
inspection. The new method may greatly simplify the evaluation of higher 
order diagrams in the pertuibation expansion of effective operators in 
finite nuclei, and also reduce the probability of making errors . An 
extensive description of the method is given in a recent publication 

1) T .T .S . Kuo, J . Shurpin, K.C. Tarn, E. Osnes and P.J . Ellis, 
Ann. Phys, 132 (1981) 237 

* State University of New York, Stony Brook 

** University of Minnesota, Minneapolis 
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7.1.3 Study of the convergence of the perturbation expansion of the 
effective interaction by matrix diagonalization 

T. Engeland, E. Osnes and P.J . Ellis 

The convergence of the perturbation expansion of the effective interac
tion in nuclei is still an unsettled question, and it is therefore useful to 
test the convergence in models in which the effective interaction can be 
calculated exactly. Such models are afforded by matrix diagonalizations 
of large shell model spaces. However, the effective interaction obtained 
by matrix diagonalization may contain unlinked diagrams which have to 
be removed before comparison with perturbation calculations can be 
made . Work is in progress to extract the effective interaction from 
diagonalization of the A = 4, 5 and 6 systems in the 2hu> shell model 
space. 

1) P.J . Ellis, Phys. Lett. B56 (1975) 232 

* University of Minnesota, Minneapolis 

7.1.4 Calculation of effective operators with potentials from meson 
theory 

E. Osnes, S. Chakravarti , P .J . Ellis and T . T . S . Kuo 

The strong intermediate-range tensor-force component in commonly used 
two-nucleon interactions such as the Hamada-Johnston and the Reid 
soft-core potentials have rendered the calculation of the higher order 
contributions to effective operators in nuclei very difficult and have 
served to cast doubt upon the results obtained . However, the recently 
designed Paris and Bonn-Jiilich potentials, obtained from meson-exchange 
theory, have much weaker tensor-force components and may thus be 
more suitable for perturbation calculation of effective operators. An 
extensive work is in progress to calculate the effective charge and 

2) interaction in the (sd) shell from these potentials. In a first study , we 
have incorporated to arbitrary order essentially all the low-energy corre
lations of known importance and found good agreement with the data, 
when allowance is made for the effect of low-lying particle-hole states. 

1) J . Vary, P-V. Sauer and C. W. Wong, Phys.Rev. C7 (1973) 177fi 

2) S. Chakravarti, P .J . Ellis. T .T .S . Kuo and E Osnes. Phys. Lett. 
B, in press 
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* University of Minnesota, Minneapolis 

** State University of New York, Stony Brook 

7.1.5 Three-body effective interactions 

E. Osnes, T .T .S . Kuo , A. Faessler , H. Muther and 
A. Polls** 

Most calculations of the effective interaction have been concerned with 
the two-body effective interaction to be used for nuclei with two nucleons 

18 outside closed shells, O being the prototype nucleus. For nuclei with 
three and more nucleons outside closed shells, many-nucleon effective 
interactions will in principle arise. However, these have almost always 
been ignored, under the more or less tacit assumption that they be small. 
In early calculations the three-body effective interaction in the 0f„ ,„-
shell was found to be small. In view of the theoretical and computational 
developments which have taken place since, an improved calculation of the 
effective three-body interaction is both feasible and interesting. We are in 
the process of calculating the three-body effective interaction in the (sd) 
shell, arising both from the truncation of the valence nucleon space and 
from the truncation of the hadron space. 

1) E. Osnes, Phys. Lett. 26B (1968) 274 

* State University of New York, Stony Brook 

** Universitat Tubingen 

7.1.6 Regularization of repulsive singular potentials by cut-off 

E. Osnes and B. Giraud 

In nuclear and molecular physics singular potentials (with a repulsive 
core) cause considerable computational problems. For example, they 
cannot be used with shell-model wave functions which are non-zero near 
the origin where the potential is very large. In molecular physics one 
has often tried to circumvent this problem by simply cutting off the 

1) 2) 
potential near the origin . In an earlier work we showed that the 
binding energy of a pair of particles is not drastically changed by such 
a truncation of the potential. This allowed us to introduce a variational 
principle for the regularized potential. 
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It was conjectured that a similar result holds when there are A > 2 
particles interacting through the same two-body potential, thus allowing 
a variational calculation of the A-body binding energy. This conjecture 
is now being investigated in some detail. 

1) W.M. Frank, D.J. Land and R.M. Spector, Rev.Mod.Phys. 43 
(1971) 36 ~~ 

2) B. Giraud and E. Osnes, Phys. Rev. C16 (1977) 453 

* Centre d'Etudes Nucléaires, DPh-T, Saclay 

7.1.7 Microscopic description of the interacting boson model 

E. Osnes 

The impressive successes of the interacting boson model (IBM) in 
2) describing collective states of nuclei have promted intensive studies of 

the microscopic foundation of the model. Work is under way to calculate 
some of the important parameters of the IBM in the underlying fermion 

3) space, employing the generalized seniority scheme of Talmi . 

1) A. Arima and F. Iachello, Ann. Phys. 99 (1976) 253; m (1978) 201 

2) T. Otsuka, A. Arima and F. Iachello, Nucl. Phys. A309 (1978) 1; 
A. Arima, T. Otsuka, F. Iachello and I. Talmi, Phys. Lett. 66B 
(1977) 205; T.Otsuko, A. Arima, F. Iachello and I. Talmi, Phys. 
Lett. 76B t'1978) 139; J . Ginocchio and I. Talmi, Nucl. Phys. A337 
(1980) 431 

3) I. Talmi, Nucl. Phys. A172 (1971) 1; S. Shlomo and I. Talmi, 
Nucl. Phys. A198 (1972T81 
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7.2 Collective Models 

7.2.1 Generator coordinate and Hartree-Fock calculations of odd-A 
nuclei in the (sd) shell 

E Osnes and F. Brut 

The particle-rotor and weak-coupling models have served as useful tools 
for describing the structure of deformed and transitional nuclei. A few 
years ago the Oslo-group explored these models in some detail in the 
(sd) shell , where comparison can be made with more microscopic calcu-

2) 3) 
lations In a parallel development, Brut et al. ' showed that it is 
possible to obtain a good approximation to complete diagonalization by the 
generator coordinate and Hartree-Fock methods. In the present work we 
wish to repeat the generator coordinate and Hartree-Fock calculations 

4) with improved effective interactions . 

1) T. Pedersen and E. Osnes, Nucl. Phys. A303 (1978) 345; 
T. Pedersen, E. Osnes and M. Guttormsen, Nucl, Phys. A332 
(1979) 1; M. Guttormsen, T. Pedersen, J . Rekstad, T. Engeland, 
E. Osnes and F. Ingebretsen, Nucl. Phys. A338 (1980) 141 

2) P.J . Ellis and T. Engeland, Nucl. Phys. A144 (1970) 161; 
B.M. Preedom and B.H. Wildenthal, Phys. Rev. C6 (1972) 1633 

3) F. Brut, N. Mankoc-Borstnik and S. Jang, Nucl. Phys. A304 
(1978) 

429; N. Mankoc-Borstnik, F. Brut and S. Jang, Nucl. Phys. A325 
(1979) 100; F. Brut, N. Mankoc-Bortsnik and S. Jang, J . Phys. 
G5 (1979) 249 

4) T . T . S . Kuo and E. Osnes, Nucl. Phys. A226 (1974) 204; 
E.M. Krenciglowa, C L . Kung, T . T . S . Kuo and E. Osnes, 
Ann. Phys. 101 (1976) 154; S. Chakravarti, P. J. Ellis, T . T . S . 

Kuo 
and E. Osnes, Phys. Lett. B, in press 

* Institut des Sciences Nucléaires, Grenoble 

7.2.2 The Coriolis attentuation problem in the perturbed 

i . „ , 2 neu'ron bands 

T. Engeland, A. Henriquez and J. Rekstad 

In recent papers an alternative formulation of the particle-rotor was 
presented. This model is referred to as the pairing plus recoil model 
(PPR). This report contains some application of the new model to the 
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positive parity bands originating from the i , , , „ shell model state in the 
151 153 181 i«V^ 

three nuclei Sn, Gd and W. These nuclei have been studied 
within the framework of the particle-rotor model ', Our philosophy has 
been to use the same basic Nilsson parameters as in the old calculations 
and focus on the differences in the two approaches rather than in the 
best possible fit to experiments. These nuclei are chosen because they 
correspond to different positions of the Fermi level within the i , , / f ) 

states. For the N=89 nuclei Sm and 1 0 0 G d the Fermi level is located 
between the fi71 = l / 2 + and 3 /2 + orbitals and for 1 8 1 W the Fermi level is 
found at the Cln = 9 /2 + orbital. 

The parameters used in the calculations are given in Table 1. For Sm 
and Gd the parameters are taken from refs " ' , while the W nuclei 

7) are calcuated with parameters from ref. . 

Within this framework particle-rotor model calculations built on the BCS 
approximation have been carried out to reproduce similar results as 

4-7) given in refs , but without the ad-hoc Coriolis attenuation used in 
these papers. Then the same nuclear properties were computed with the 
PPR model based on the same parameter sets with the exceptions 
discussed below. 

In the PPR model states of both parities are included in the same calcul
ation, and the result is sensitive to the position of the i , , , „ orbitals 
relative to the Nilsson orbitals of negative parity. Thus, all the positive 
parity orbitals have been shifted with the same amount of energy in 
order to obtain a level ordering of the positive parity states relative to 
the negative parity states in agreement with the experimental resul ts . 

Furthermore, the PPR model requires a fixed particle number which is 
obtained from the position of the Fermi level in the BCS method. Finally, 
the effect of pairing is determined by the strength parameter G, and the 
value of G used is such that the odd-even mass difference A is close to 
the experimental odd-even mass differences. The actual values are given 
in Table 1. One should notice that also the recoil term contributes to the 
odd-even mass difference wich usually is attributed the pairing force 
alone. 
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A comparison to the results obtained in the BCS calculations without 

ad-hoc Coriolis attenuation and the PPR calculations are shown in Figs. 

7.1-2 together with the experimental level schemes. In all cases the BCS 

results show a too strong Coriolis coupling effect which demonstrates the 

need for an extra reduction of the Coriolis matrix elements in this 

model. In the PPR calculations the Coriolis effect is considerably reduced 

and the results show in all cases good agreement with the experimental 

energies. 

There are essentially two mechanisms that are responsible for the differen-

' ces in the results obtained with the two models. The quasi-particle 

energies from the BCS calculations are in general significantly different 

from the corresponding energies obtained in the PPR calculations. In the 

PPR model there is a tendency to create an energy gap between occupied 

and empty levels compared to the BCS results. This increase in separation 

between the states will reduce the final Coriolis effect. 

Furthermore, the attenuation factors in the matrix elements caused by 

pairing and recoil are smaller in the PPR model than in BCS for the 

coupling between orbitals close to the Fermi level. Tables 2 and 3 give 

relative quasi-particle energies and attenuation factors for the actual 

nuclei. 

It is fair to conclude that the PPR model has removed the old Coriolis 

attenuation problem in the cases studied so far. Analysis of a number of 

other nuclei where the overestimation of the Coriolis coupling has repre

sented a problem are now in progress. 

1) T. Engeland and J . Rekstad, Phys. Lett. 89B (1979) 8 

2) J . Rekstad and T. Engeland, Phys. Lett 89B (1980) 316 

3) T. Engeland, to be published in Physica Scripta 

4) W.B. Cook, M.W. Johns, G. Løvhøiden and J .C . Waddington. 
Nucl. Phys. A259 (1976) 461 

5) M. Guttormsen, E. Osnes, J. Rekstad, G. Løvhøiden and O. Straume. 
Nucl. Phys. A298 (1978) 122 

6) J. Rekstad, P. Bøe, A. Henriquez, R. Øyan, M. Guttormsen, 
T. Engeland and G. Løvhøiden. to be published in Nucl. Phys. 

7) T. Lindblad et a l . , Nucl. Phys. A210 (1973) 253 
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Table 1. Parameters used in the BCS and PPR calculations 

NUCLEUS s 2 e 4 t, 2/2J G A c a l A f i X p 

(keV) (keV) (keV) (keV) 

1330 

0.19 -0.04 16 326 1082 . 

1155 

0.234 0.058 17 220 710 690 

1 5 1 S m 

1 5 3 G d 

181 w 
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Table 2. 

NUCLEUS 
ORBITAL 

Comparison of quasi-particle energies obtained in the BCS 
and the PPR calculations 

1 5 1 S m , 1 6 3 G d 
E q p (keV) 

BCS PPR 

181,. 

BCS PPR 

1 / 2 T (660) 
3 / 2 + (651) 
5 / 2 + (642) 
7 / 2 + (633) 
9 / 2 + (624) 
l l / 2 + ( 6 1 5 ) 

266 
0 

247 
1151 

238 
0 

767 
1914 

1361 1914 
1309 1863 
1079 1607 
545 868 
0 0 

1091 1631 

Table 3 . 

COUPLING 

Comparison of Coriolis attenuation factors 

ATTENUATION FACTORS* 

181,, 1 5 1 S m , 1 5 3 G d 

BCS PPR BCS 
*W 

PPR 

1/2 (660) 

3 / 2 + ( 6 5 1 ) 
0.97 0.91 1.0 1.0 

3 /2 (651) « 

5 /2 + (642 ) 
0.92 0.94 1.0 1.0 

5/2 (642) 9 

7 /2 + (633 ) 
0.98 0.99 1.0 0.98 

7/2 (633) 9 

9/2*(624) 
0.90 0.76 

9/2 (624) © 

l l / 2 + ( 6 1 5 ) 
0.86 0.83 

The attenuation factors are defined as A t t . f a c . B C g = 

Att . fac . p p R = 1 B * B k ; < ^ , A , 1 + A ^ A ^ ^ A > 
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K ^ 
-L_l I l i i L _L 

A , 5 3 Gd 
X MODEL 1 
• MODEL 2 

J I I J L 
1/2 5/2 9/2 13/2 17/2 21/2 25/2 29/2 

SPIN ( h ) 

Fig. 7.1 151, 153,. Positive parity states in '"*Sm and *" Gd shown in an 
energy versus spin diagram and compared to the results 
of the calculations. Model 1 is the PPR model, wnile model 2 
is the particle-rotor model with the BCS approximation. 
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1000 
181 W 

> 
0) 

>-
O 
0C 
LU 

z 
LU 500 z o 

x 
LU 

/ 

7 / 2 * 

19/2* 

17/2+ 

15/2* 

13/2* 

11/2* 

(a) (b) Experiment 
9/2* 

Fig. 7.2 Comparison of the experimental positive parity level 
181 scheme of W to the level schemes calculated with the 

BCS method (a) and the PPR model (b) . 
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7.2.4 Nuclear potential energy surface studies 

Olav Aspelund 

The year of 1981 witnessed a breakthrough in our understanding of the 
importance of higher-order rotational-vibrational coupling effects in in
elastic hadron scattering from nuclei close to the middle of the 2s-Id 
shell. Specifically, we were able to develop schemes by means of which 
these effects may be studied systematically. We know in which states to 
look for effects of prescribed orders, and we found methods to verify 
their presence. A partial account of this work has been published 
already (see Report 81-27, Institute of Physics, University of Oslo, as 
well as a letter accepted for publication in Physics Letters B) . Here, we 
report additional details of our efforts, pending other publications to be 
prepared. 

The nuclear structure part of our investigation consists of a set of 
RVCT-calculations, with parameters selected so as to simulate an essen-

24 26 24 
tial difference between the nuclei Mg and Mg, namely that in Mg a 
reasonably pure zero-point vibrational 2 -state and an equally pure y-
vibrational 2 -state in develop into a pair of low-lying 2 -states 
displaying quite pronounced band-mixing effects. According to the 
scheme depicted in Table 1, namely, first-order rotational-vibrational 
band-mixing effects may occur in the 2 -state of the ground state band. 
Similarly, second-order effects are possible in the 4 -state of the ground 
state band, whereas third-order phenomena may play a role in the 6 -
state, and so on. Additionally, however, an easily perturbed 0 -s tate , 
being the head of the K™ = 0 (y + y)-band, provides a most convincing 
demonstration of the presence of second-order effects of the kind discus
sed here. In this state was identified at E„ = 3.588 MeV, whereas 

24 a corresponding state in Mg is possibly located at E = 9.305 MeV. 
Likewise, the non-spherical 3-quadrupole phonon approximation supplies 
a low-lying 2 + -state most probably positioned at an excitation energy of 
5.291 MeV in Mg. - The phenomena discussed here have remarkable 
structure consequences. Detailed investigations performed by Rebel and 
co-workers demonstrated that within experimental uncertainties non-zero 
permanent hexadecapole deformations are not present in the nuclear 
surfaces of Mg and Mg. We were, nevertheless, able to show that 
rotational-vibrational hexadecapole effects ;ire quite pronounced in 
inelastic hadron scattering from these nuclei. The structure counterpart 
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of this phenomenon has as its consequence that second-order rotational-
vibrational coupling is decisive for the orders in which the lower-lying 
4 -states in Mg and Mg occur. 

The states referred to above were identified by means of the roultipolari-
ties of the direct excitation components of the differential cross sections 
observed in inelastic hadron scattering. Use was then made of multipolar-
ity information supplied by the RVCT-compatible nuclear reaction forma
lism developed by us (see Table 2). The experimental information applied 
for testing our theoretical predictions was supplied by high-resolution 

2) 
(p.p ')-data recently reported by the East Lansing and by the Amster
dam groups. 

The results of our findings in the nuclei Mg and jYIg are summarized 
in the b-parts of Tables 3 and 4, respectively. According to the a-parts 
of the same tables, at least 7 bands are expected to affect the experi
mental spectra at excitation energies below 10 MeV, in both nuclei. In 
24 Mg, 5 of these bands were identified so far, whereas 6 bands were 
found in Mg. The lesson learnt is that higher-order non-spherical 
quadrupole phonon effects occur at lower excitation energies in Mg 

24 than in Mg. Moreover, in both nuclei the 8-vibrations are located at 
much higher excitation energies than the y-vibrations, so that the only 
levels in Mg and Mg with reasonably pure B-vibrational characters are 
the heads of the first-order p-vibrational bands at the excitation energies 
6.432 MeV and 6.256 MeV, respectively. Thus, we are entitled to state 
that near the middle of the 2s-ld shell the y- and the B-vibrations behave 

4) as announced by Greiner ' nearly 20 years ago. Indeed, the mass region 
indicated may become an ideal testing ground for predictions based upon 
nuclear potential energy surface theory. The obvious qualitative success 
of the work reported here relates to the fact that the eigenfunctions 
supplied by RVCT may be regarded as approximations to exact wave 
functions belonging to the non-spherical 5-dimensional harmonic quadru
pole oscillator. The non-spherical basis of these wave functions would be 
ideal for quantitative nuclear potential energy surface studies in nuclei 
close to the middle of the 2s-Id shell. 

H. Rebel, G.W. Schweimer, Ci. Schntz, .1. Kpccht, R. 1.6hken, 
G. Hauser. D. Habs, and H. Klewe-Nebonius. Nucl. f'hys. AIS2 
l1972) 145 
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2) B. Zwieglinski, G.M. Crawley, H. Nann, and J .A. Nolen, J r . , 
Phys. Rev, C17 (1978) 872 

3) P.W.F. Alons, H.P. Blok, J .F .A. van Hienen, and J. Blok, 
Nucl. Phys. A367 (1981) 41 

4) Walter Greiner, Z. Physik 172 (1963) 386 
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TABLE CAPTIONS 

Table 1. Quantum numbers of the bands considered in a nuclear 
structure analysis of even-even nuclei according to the 
non-spherical 3-quadrupole phonon approximation. 

Table 2. Multipolarities to be specifically considered in an analysis 
of inelastic hadron scattering compatible with a nuclear 
structure calculation according to the non-spherical 3-
quadrupole phonon approximation. K denotes the space-
fixed multipolarity directly affecting the shapes of dif
ferential cross sections observed in inelastic hadron 
scattering. \ refers to the multipolarity of a given non-
spherical channel-coupling form factor. X is the multi
polarity resulting when quadrupoles are coupled together. 

24 Table 3a. States in the theoretical excitation spectrum of Mg classi
fied according to their band properties. 

24 Table 3b. States in the experimental excitation spectrum of Mg 
classified according to their band properties. 

Table 4a. States in the theoretical excitation spectrum of Mg 
classified according to their band properites. 

Table 4b. States in the experimental excitation spectrum of Mg 
classified according to their band properties. 
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BAND 
IDENTI
FIER 

B 1 2 0 0 
D 1 0 0 1 

E 
F 
H 
J 

K 
M 
O 
P 
R 
T 

2 0 1 0 

2 4 0 0 

2 2 0 1 

2 0 0 2 

3 2 1 0 

3 6 0 0 

3 0 1 1 

3 4 0 1 

3 2 0 2 

3 0 0 3 

Table ] 



67 

BAND 
IDENTI
FIER 

X 

X 

=0 

A X 
X=2 

A 

A=4 

X A 

X=6 

X A 

A - - - 2 - 4 - 6 

B;C 
D 

2 
2 

2 
2 

2 
2 

2;4 
0;2;4 

2 
2 

2;4;6 
2;4;6 

2 
2 

4 ;6 ;8 
4;6;8 

E 
0 
2 
4 

0 
2 
4 

0 
2 
4 

2 
0;2;4 
2;4;6 

0 
2 
4 

4 
2;4;6 

0 ;2;4;6;8 

0 
2 
4 

6 
4;6;8 

2;4;6;8;10 

F;G 4 4 4 4;6 4 4;6;8 4 4 ;6;8;10 

H;I 
2 
4 

2 
4 

2 
4 

2;4 
2;4;6 

2 
4 

2;4;6 
2;4;6;8 

2 
4 

4;6;8;10 
2;4;6;8;10 

J 
0 
2 
4 

0 
2 
4 

0 
2 
4 

2 
0;2;4 
2;4;6 

0 
2 
4 

4 
2;4;6 

0 ;2 ;4 ;6 ;8 

0 
2 
4 

0 
4;6;8 

2 ;4;6;8;10 

K;L 
2 
4 
6 

2 
4 
6 

2 
4 
6 

2;4 
2;4;6 

2;4;6;8 

2 
4 
6 

2;4;6 
2;4;6;8 

2;4;6;8;10 

2 
4 
6 

4;6;8 
2;4;6;8;10 

2;4;6;8;10;12 

M;N 6 6 6 6;8 6 6;8;10 6 6;8;10;12 

O 
0 
2 
4 
6 

0 
2 
4 
6 

0 
2 
4 
6 

2 
0;2:4 
2;4;6 
4;6;8 

0 
2 
4 
6 1 

4 
0 ;2;4;6 
0 ;2 ;4 ;6 ;8 

D;2;4;6;8;10 

0 
2 
4 
6 

6 
4;6;8 

2;4;6;8;10 
0 ;2 ;4;6;8;10;12 

P;Q 4 
6 

4 
6 

4 
6 

4;6 
4;6;8 

4 
6 

4 ;6;8 
4;6;8;10 

4 
6 

4;6;8;10 
4;6;8;10;12 

R;S 
2 
4 
6 

2 
4 
6 

2 
4 
6 

2;4 
2;4;6 

2;4;6;8 

2 
4 
6 

2;4;6 
2;4;6;8 

2;4;6;8;10 

2 
4 
6 

4 ;6;8 
2;4;6;8;10 
2;4;6;8;10;12 

T 
0 
2 
4 
6 

0 
2 
4 
6 

0 
2 
4 
6 

2 
0;2;4 
2;4;6 
4;6;8 

0 4 
2 0;2;4;6 
4 0 ;2 ;4 ;6 ;8 
6 0 ;2;4;6;8;10 

0 6 
2 4 ;6;8 
4 2 ,4 ;6 ;8 ;10 
6 0 :2 ;4 ;6 ;8 ;10 ; I2 

Table 2 
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No. E x 
MeV 

I* 

0 0.000 0 + 

1 1.584 2 + 

2 3.117 2 + 

3 4.512 4 + 

4 4.716 0 + 

5 5.160 3 + 

6 6.065 4 + 

7 6.328 0 + 

8 6.985 2 + 

9 7.779 4 + 

10 8.336 2 + 

11 8.449 2 + 

12 8.570 6 + 

13 9.288 5 + 

14 9.555 6 + 

15 9.700 2 + 

Mg 

A B D E F H J K M O P R T 

x 

x 

X 

X 

X 

Theory 

Table 3a 
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No • Ex 
MeV 

1* A B D 

0 0.000 0 + X 
1 1.369 2 + X 
2 4.123 4 + X 
3 4.238 2 + X 
4 5.236 3 + X 
5 6.010 4 + 

6 6.432 0 + X 
7 7.348 2 + X 
8 7.553 l" 
9 7.616 3" 
10 7.747 1 + 

11 7.812 (3+,4",5+) 
12 8.113 6 + X 
13 8.358 3" 
14 8.437 (3,4) + X 
15 8.438 r 
16 8.653 2 + 

17 8.863 2" 
18 9.002 2 + 

19 9.148 1" 
20 9.283 2 + 

21 9.298 (3,4) + 

22 9.306 (3-5)" 
23 9.456 (2-4) + 

24 9.515 4 + 

25 9.521 
26 9.528 6 + 

27 9.827 1 + 

28 9.966 1 + 

2%r 

E F H J K M O P R T 

Experiment 

Table 3b 
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No 

MeV 

I n 

0 0.000 0 + 

1 1.518 2 + 

2 2.47S 2 + 

3 2.559 0 + 

4 4.045 4 + 

5 4.703 3 + 

6 4.730 2 + 

7 5.219 4 + 

8 6.328 0 + 

9 6.501 2 + 

10 7.082 6 + 

u 7.763 4 + 

12 8.248 2* 

13 8.901 0 + 

14 9.118 5 + 

15 9.209 2 + 

16 9.464 6 + 

17 9.678 3 + 

Mg 

A B D E F H J K M O P R T 

x 

X 

X 

X 

X 

Theory 

Table 4a 
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No 

MeV 
I " 

0 0.000 0 + 

1 1.809 2 + 

2 2.938 2 + 

3 3.588 0 + 

4 3.941 3 + 

5 4.318 4 + 

6 4.332 2 + 

7 4.350 3 + 

8 4.834 2 + 

9 4.900 4 + 

10 4.972 0 + 

11 5.291 2 + 

12 5.474 4 + 

13 5.690 1 ( 2 + ) 
14 5.716 4 + 

15 6.125 ( 2 , 3 ) + 

16 6.256 0 + 

17 6.621 ( 3 " , 4 + , 5 " ) 
18 6.744 2* 
19 6.878 3 " 
20 6.978 

21 7.062 r 
22 
23 

7.099 

7.246 
2 + 

24 7.262 ( l + - 4 + ) 

8.702 ( 2 + , 3 " , 4 + ) 

2 <W 
A B D E F H J K M O P R T 

Experiment 

Table 4b 
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8 OTHER FIELDS OF RESEARCH 

8.1 Production of Radionuclides 

T. Bjørnstad, T. Holtebekk and A. Ruud 

The project for production of radionuclides, financed by special allowances 
from NAVF and limited to a period of three years, starting- August 1980, 
has continued. 

CO 

A method for production of Ga has been fully developed. The produc

tion is based on the reaction Zn(p,2n) Ga, using natural zinc as 

target. The experimental conditions are optimized with respect to maxi

mum production of Ga (TL=78 h) with minimim impurities of Ga 

(T.=9,5 h) which is formed simultaneously through the reactions 
6R fifi 

Zn(p,3n) and Zn(p ,n) . This requires an energy range of 28,5 MeV -

18,5 MeV of the protons, corresponding to a target thickness of 1,3 mm 

zinc. The target is attached to a copper backing by a thin alloying layer 

on the contact surface. During irradiation with a beam of 25 uA protons 

the target is water-cooled on the backside to prevent melting. 

The necessary apparatus for the production has been constructed and a 

series of production runs has been performed. It has been established 

that the yield at the end of bombardment under these conditions is 67 

MBq/uA h. After a decay time of 88 hours an isotopic impurity of less 

than 1% of Ga is obtained . Allowing also for a loss of 20% in the 

chemical procedure, it was then possible to produce a requested quantity 

of 1,7 GBq in a run of three hours with 25 uA proton beam. 

fi7 
The medical interest in Ga is mainly due to the selective upconsentra-

tion of gallium in tumors and abcesses in soft tissue when administered 

as a complex with citrate, combined with its good imaging properties and 

its low radiologic toxicity. In cooperation with The Isotope Laboratories at 

The Institute for Energy Technique, Kjeller, the chemical procedure for 

preparation of galliumcitrate has been developed, and the final product 

has been tested with satisfactory results for chemical and radiological 

toxicity. 

In accordance with a special agreement with The Isotope Laboratories it 

will in routine production be their responsibility lo perform Ihe chemii';il 

processing and the control and distribution of the final radiopharma-
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ceuticals. Unfortunately the use of Ga in Norwegian hospitals declined 
with about 50% from 1,7 MBq per week in 1980 to about 0,9 MBq in 1981, 
the main cause for this being that the product was too expensive in use 

In routine production the running: costs at the cyclotron as well as the 
production and handling costs at The Isotope Laboratories should be 
covered by the sale of the product. It seems, however, impossible to 
produce any quantity less than about 2 GBq to a price lower than the 
running ma: 
postponed. 
running market price. The routine production of Ga has therefore been 

The krypton isotope Kr m (T, = 13 s ) is used for studies of lung venti-
O-l 

lation and blood circulation. It may be produced by decay of Rb(T.= 
4,6h), a radionuclide that usually is produced by cyclotrons, and which 
is difficult to get from abroad due to its short half-life. The medical 
interest for this nuclide is considerable. 

O l O l 

During 1981 necessary equipment for production of Rb - Kr genera
tors has been designed and the production technique has been tested 
out The production is based on the reaction Kr(p,2n) Rb, using 
natural krypton gas at a pressure of 10 atm as target The target 
chamber is a 30 cm long, conically shaped stainless steel tube with 
smallest diameter 20 mm and widest diameter 45 mm to allow for proton 
scattering in the gas. The bombarding proton beam enter the chamber 
through a 25 urn - 50 um stainless steel window. The target design gives 
optimum conditions for the pr 
range from 30 MeV to 14 MeV. 

81 optimum conditions for the production of Rb, utilizing a proton energy 

During the irradiation the rubidium activity is deposited on the inner 
walls of the target chamber. After about one hour bombardment with 20 
uA proton beam the target chamber is evacuated by cryopumping. The 
walls are sprinkled with water which dissolves the deposited rubidium 
Subsequently the water is percolated through five small-size cation 
exchange coulumns where the rubidium is retained. The columns are 
specially designed to be transported and used as krypton generators 
The whole operation is remotely executed. After control and calibration 
the generators will be distributed directly to hospitals in the Oslo area 
or sent by airplane to other Scandinavian hospitals. Routine production 
is intended to be started during the first half year of 1982. 
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j .2 Radiation Physics 

A. Storruste and T.B. Sunde (stud.) 

In collaboration with the State Institute of Radiation Hygiene a whole 
body counter has been calibrated and low Cs and K activities in a 
number of people have been measured. 

8.3 Solar Energy Research 

8.3.1 Solar collectors 

S. Bjerke, M. Mehlen and J. Rekstad 

Members of the solar energy project group have continued the develop
ment of low cost water collectors. The modified trickle collector, with a 
plastic 'vapour trap', was not found to be suitable for commercial solar 
systems. 

A new solar collector model is found, combining the water trickling effect 
with capillar and current effects in the water. The collector should 
replace the south front or the south roof of a house. The collector (Fig. 
8.1) consists of a black-painted aluminium sheet and a double, trans
parent cover of polycarbonate separated by approx. 0.3-0.5 mm. The 
water fills the entire space between the absorber and the polycarbonate 
cover. Since the construction is an open system, the water flows out of 
the collector whenever the water supply is being stopped. Thus, there 
is no danger of frost damages. This solar collector represents a combina
tion of high efficiency (Fig. 8.2), small heat capacity and low costs. 

On behalf of the Institute of Physics we have taken out a patent for this 
collector solution. 
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INLET TUBE 

POLYCARBONATE 
COVER 

ALUMINIUM . 
ABSORBER 

OUTLET PIPE 

Fig. 8.1 A cut through the new solar collector model. 
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Fig. 8.2 Collector efficiencies n as a function of AT/I: 
(1) Hey wood double, (2) Honeywell double, 
(3) Previous collector at the Lorenskog house, 
(4) The new solar collector model. 

The collectors ( l ) - ( 3 ) cost between NKr 100 and 1500 per 
square meter. The n^w collector represents a cost of about 
NKr 200 per square meter. 
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8.3.2 A new solar heating system for small houses 

J. Rekstad, S. Bjerke and M. Mehlen 

o 
At the solar heated house in Lørenskog 11 m of the new collectors 
constitute one part of a new solar heating system (Fig. 8.3). 

q 

The collectors are connected to a 10 m concrete wall, the wall acting as 
a heat storage as well as a distribution system. Thus the system combines 
the functional qualities of an active solar system with the properties of a 
passive, integrated system. 

The concrete wall represents a heat capacity of about 5.5 kWh/K, and 
the delivered amount of heat can be regulated by insulated sliding- doors 
outside the wall. The system has been tested for a short period of time, 
and the results so far seem very promising. 

2 
An investment calculation of such a heating system, consisting of 40 m 

3 
of collectors and a 10 m concrete storage, shows an extra capital invest
ment of about NKr 22000 compared to a commercial central heating 
system. The net energy output of the system should be about 8000 kWh 
a year. This means an investment cost of NKr 2,75 per yearly kWh. With 
a real interest of 7% and 15 years reduction, this system will produce 
energy at a cost of NKr 0,30 per kWh. 
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Fig. 8.3 Sketch of the heat system. 



8.3.3 The Drammen project 

M. Mehlen, J . Wikn i, J . Rekstad and S. Bjerke 

The municipal government of Drammen has taken initiative to study the 
possibility of solar heating of small houses as an alternative to commercial 
ways of heating. IFE (Institute for Energy Technology) and the 
University of Oslo were consulted. Our part of the project consists of 
measurements on three houses in the same local area. We have started 
the measurements on one of the houses, a 'Moelven' house. See Fig. 8.4 
with explanations. 

Aims for the measurements: 
measure the real energy need under ordinary lifeconditions, 
compare the need of electrical heating in the different houses, 
compare the solar contribution versus the electrical heating. 

The measurements from Oct. until Feb. show that the system does not 
work properly. The system has not switched to the collecting status 
when there is available heat in the collector. The control unit, guided by 
temperature differences, has broken down several times. The data collec
ted so far, show the alternation in the need of energy depending on 
climatic variations as temperature and solar radiation. 

Accordingly it seems that the quantity of air forced through the system 
is decreasing with decreasing temperature of the storage. This fact com
plicates the calculation of energy contribution both from the collector 
and the storage. 

So far we have found the value of total electric effect used as a function 
of the temperature difference between in- and outdoor. Depending on the 
solar radiation and the temperature variation during the period of mea

nt) 
surements , we get 

P e , (4T) : from 165 to 220 W/K. 

As an average we have P.i/deg = (190 i I5)W/K. 

One period is 24 hours. 
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Fig. 8.4 The 'Moelven' house 

The solar-heating system 
consists of: 

o 
1) 53.5 m netto area 

solar-collectors 
3 

2) 20 m stone storage 
3) a reservoir for preheating 

of hot water W 
4) airpipes and the control-

unit CU 

The figure shows the right 
function when the system is 
in collecting status. 

Function principles of the house. 

The house gets an extra solar heating, using an airbased solar collector. 
The heated air is mainly led to a stone-storage, only a little part is 
used directly for room heating. Later on, when heat is needed, air is 
forced through the storage and distributed to the rooms. Another 
important intention with the system is the preheating of fresh air. Then 
the air is moving in the opposite direction in the collector, and is heated 
in the storage. 
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8.3.4 Developments on the microcomputer based data-logging system 
for solar energy purposes 

J . Wikne 

The data-logging system for solar energy houses has become operative 
during 1981. The first logger has been in use at the Schaug house in 
Drammen since October (see sect. 8.3.3). 

The system is based on the widely accepted GPIB (General Purpose 
Interface Bus) standard. The use of this standard assures direct hard
ware compatibility between equipment from different manufacturers, and 
gives possibility of a much more flexible modular structure than most 
commerciaUy available data-loggers. 

Because of the generality of the GPIB-bus no single instrument in the 
system, not even the central computer has to be of a predetermined 
make, but may be considered as a "module" on equal terms with the rest 
of the system. This proved a great advantage when new computers were 
to be bought, as one could take into account the latest proceedings in 
microcomputer technology in buying Metric ABC 80 instead of the older 
Motorola TDS-4. 

To comply with this "modular" philosophy the GPIB has been used in a 
new way. Instead of cable interconnections between each instrument a 
specially developed GPIB instrument crate is used, and the only cable 
connection is that from the crate to the microcomputer used as a control
ler. The instrument crate is a standard 36" deep VERO crate, where 
card-modules with 64-pin EURO-type contacts can be inserted. The GPIB 
runs as part of the backwiring in the crate, similar to the dataway in a 
CAMAC-crate. 

Much of the work so far has consisted of developing programmable GPIB 
card-modules to meet the needs of data-logging in a solar energy house. 
Thus a ten instruction, 16 channel analog unit with corresponding uA/mV 
interface and an eight bit status byte interface have been built and 
tested sucessfully, and are now in use. A sixteen instruction, 4 channel 
sealer/frequency counter has also been developed, but not yet built and 
tested due to capacity problems at the Electronics laboratory, where the 
circuit-board taping is done. A block diagram of the data-logger hard
ware is shown in Fig. 8.5. 
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On the microcomputer (controller) part 01 the system effort has been 
spent making versatile programs for the use of the ABC 80 computer 
with the GPIB units. One program specially dedicated to the needs of 
the Schaug house and another more general data-logging program are 
now operative. 

V V V 

STORAGE 

CASSETTE 

<OR FLOPPY) 

(BACKWIRING) 
e 

/\ 

-Hi. 

GPIB 

CONTROLLER 

(MICROCOMPUTER) 

GPIB MODULES INSTRUMENT 

CRATE 

GPIB DATA-LOGGING SYSTEM 

Fig. 8.5. 
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9 SEMINARS AND LECTURES 

3.02 R. Tangen: Production and storage of targets. 

17.02 S. Messelt: Suggested lay-out of beam lines in the cyclotron 

laboratory with the new switching magnet. 

20.02 E. Osnes: Nuclear physics at the Weizmann Institute of Science. 

6.03 J. Rekstad: Study of high excited states by particle-gamma coin

cidence measurements. 

17.03 P.O. Tjøm: On the new Swedish accelerator project. 

27.03 E. Hammaren (Jyvaskyla): Aspects of the reaction ( He, 2p). 

15.05 T. Bjørnstad: On production, separation and study of short-lived 

radioactive nucleides. Part I: Chemical methods. 

26.05 T. Bjørnstad: On production, separation and study of short-lived 

radioactive nuclides. Part II: Isotope separation and related 

techniques. 

157 
29.05 P.O. Tjbm: Band-crossings and magnetic properties in Ho. 

2.06 S. Messelt: Report from the Gustav Werner Institute Workshop, 

25-27 May. 

16.06 J. Hardy (Chalk River): Nuclear physics at Chalk River. 

30.06 T .T .S . Kuo (Stony Brook): Meson-exchange theory of the 

nucleon-nucleon interaction. 

2.09 G. Sletten (Niels Bohr Institute): Deformed and spherical states 

in 1 4 7 G d . 

22.09 S. Messelt: Report from the 9th International Conference on 

Cyclotrons and their Applications, 7-10 September, Caen, 

France. 
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2.10 P. Ekstrom (Lund): Polarimeters I have known. 

9.10 O. Aspelund: Nuclear potential energy surface phenomena in the 

middle of the 2s-ld shell. Experiment and theory ( I ) . 

16.10 G. Midttun (CERN): Status report on the ADC-scanner system. 

16.10 J. Rekstad: Nuclear structure at high excitation energies ( I ) . 

23.10 J. Rekstad: Nuclear structure at high excitation energies ( I I ) . 

27.10 R. Bengtsson (Lund): Variation in the pairing gap caused by 

increased rotational frequency and quasiparticle excitation. 

30.10 O. Aspelund: Nuclear potential energy surface phenomena in the 

middle of the 2s-ld shell. Experiment and theory (II) . 

13.11 T. Engeland: Nuclear structure theory of highly excited states. 

20.11 O. Aspelund: Nuclear potential energy surface phenomena in the 

middle of the 2s-ld shell. Experiment and theory (III) . 

1.12 M. Mehlen: Summer studies in Czechoslovakia. 

2.12 C. Pethick (NORDITA): Cooling of neutron s tars . 

8.12 S. Bjerke: Solar energy - today and in the future. 

11.12 J .L . Bockelie: Microprocessor-based stabilization system for 

nuclear data spectrometers. 

17.12 E. Østgaard (Trondheim): Neutron s tars . 
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10 VISITORS 

Long-term visitors are listed in Sect. 2, and guest lecturers in Sect. 9. 
The following visiting scientists have participated in experiments at the 
cyclotron: 

University of Bergen: J. R. Lien 
G. Løvhoiden 
K. Nybo 
T. Rødland 
T. F. Thorsteinsen 

Lund University: P. Eckstrom 

University of Helsinki: K. Eskola 
A. HautojSrvi 
K. Vierinen 

University of JyvSskyla: E. Liukkonen 
J. Syctb 
E. Hammaren 
J. Honkanen 
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11 COMMITTEES, CONFERENCES AND TALKS 

11.1 Committees and Various Activities 

External committees and avtivities only are listed. 

T. Engeland Member of the board of the Norwegian Physical Society 
(NPS), chairman of the Nuclear Physics Commettee of 
NPS. Member of the Advisory Committee for the Nordic 
Nuclear Physics Meeting. Referee for Nuclear Physios. 

K. Gjøtterud Secretary for Norwegian Friends of the Hebrew Univer
sity, Jerusalem, and Norwegian-Israeli Research Fund. 
Referee for Nuclear Physics and Physica Scripta. 

T. Holtebekk Member of the Steering committee of the radionuclide 
project. Chairman of the Standardization committee for 
technical and physical units. Co-author in "Store 
Norske Leksikon." 

F. Ingebretsen Vice-chairman of the Nordic Committee for Accelerator 

Based Research (NOAC). Referee for Nuclear Instru

ments and Methods. 

Referee for Nuclear Instruments and Methods. 

President of the Norwegian Physical Society. Member 
of the Council of the European Physical Society. 
Member of the Advisory Committee of Nuclear Physics 
of NORDITA. Referee for Nuclear Physics, Physics 
Letters B and Physica Scripta. 

Referee for Nuclear Physics. Member of a solar house 
committee in the commumity of Drammen as a representa
tive for the Department of Oil and Energy. 
Course leader and lecturer on "Energy Planning and 
Environment" at the International Summer School of the 
University of Oslo. 

S. Messelt 

E. Osnes 

J. Rekstad 
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B Skaali Council member of the European CAMAC Association 
Referee for Nuclear Instruments and Methods 

R Tangen Member of the Norwegian Academy of Science Member 
of the board of the Technical Museum. 

P O Tjøm Referee for Nuclear Physics 

11 2 Conferences, Visits and Talks 

J Rekstad and P.O. Tjøm participated in the Swedish Accelerator 

Conference in Molndal, March 9-13. 

The following physicists participated in the Workshop on Nuclear 
Stucture at High Spin at the Niels Bohr Institute Tandem Accele
rator Laboratory; May 18-22: T Engeland. A Henriquez. 
J Rekstad and P.O. Tjøm. 

The Annual Meeting of the Norwegian Physical Society (NPS) ui 
Trondheim, June 22-24, was attended by O Aspelund. S Bjerke 
T Engeland, A Henriquez, T. Hollebekk, E Osnes and 
J Rekstad. 

T Engeland and E. Osnes participated in the 5th General Con
ference of the European Physical Society, "Trends in Physics" 
in Istanbul, Sept. 7-11. 

For the individual members we list the following activities 

O Aspelund Talk at the NPS meeting in Trondh im. June 22-24 
"Solved and Unsolved Problems in Nuclear Potential 
Energy Surface Physics." 



88 

S. Bjerke Talk at the NPS meeting in Trondheim, June 22-24: 

"Solar Energy Yield and other Results from the Solar 

Heated Test-House in Lørenskog." 

Participated in the International Solar Energy 

Society's congress "Solar World Forum" in Brighton, 

England, Aug. 23-24. 

Talk at the Scandinavian Conference or. Solar Heating 

Systems in Lyngby, Denmark, Sept. 10-11: "System for 

Measuring and Data Collection." 

T. Bjørnstad Talk at the Institute of Chemistry, Division of 

Nuclear Chemistry, University of Oslo: "Current 

Projects for Production of Radionuclides for Medical 

Use at the Oslo Cyclotron." 

T. Engeland Talk at the Workshop on Nuclear Structure at High 

Spin, The Niels Bohr Institute Tandem Accelerator 

Laboratory, Riso, May 18-22, 1981: 

"The Coriolis Attenuation in Odd-A Rare Earth Nuclei." 

A. Henriquez Talk at the NPS meeting in Trondheim, June 22-24: 

"The Miniorange Electron Spectrom- ier at the Oslo 

Cyclotron." 

T. Holtebekk Talk at the NPS meeting in Trondheim, June 22-24: 

"Production of Radionuclides for Medical Use at the 

Oslo Cyclotron." 

F. Ingebretsen Lectures at the International Summer School at the 

University of Oslo: 

"Fundamental energy concepts and Thermodynamics in 

F.nergy production." 

(This lecture has also been given at Arkitekthøg

skolen in Oslo, at Ringerike fiymnas and as pari of a 

course for High School Teachers.) 

"Future prospects for energy production based on 

Nuclear processes." 

Invited talk at NAVF's ronference on "The consequences 

of Data Technology and the prospects for Science 

research". May 1981: "Processing Experimental Dala." 
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S. Messelt Participation in Gustav Werner Institute Workshop, 

Uppsala, Sweden, May 25-27, and 9th Int. Conf. on 

Cyclotrons and their Applications, Caen, France, 

Sept. 7-10. 

E. Osnes Visited the Weitzmann Institute of Science, Rehovot, 

Israel, Jan. 1-31 (from Dec. 3, 1980). 

Talks given during the visit: 

"Coriolis and Recoil Effects in Transitional Nuclei." 

(Weizmann Institute of Science, Jan. 1; Hebrew Uni

versity of Jerusalem, Jan. 2; Ben Gurion University, 

Beersheva, Jan. 6.) 

"Borel Method of Summation Applied to a Quantum 

Mechanical Model Problem." (Weizmann Institute of 

Science, Jan. 5.) 

Visit to Institut des Sciences Nucléaires, Grenoble, 
March 23-27. 

Participation in the NORDITA Workshop on Galaxy 

Formation, Copenhagen, Nov. 2-6. 

Talk at the Scientific Sunday Seminar of the 

"refusnik" scientists in Moscow, Dec. 6: 

"Present Status of the Effective Interaction in 

Nuclei." 

J . Rekstad Talk at the Scientific Sunday Seminar of the 

"refusnik" scientists in Moscow, May I I : 

"Current Problems Related to Rotating Nuclei." 

Talk at the NPS meeting in Trondheim. June 22-24: 

"The Nuclear Physics Research at the Oslo Cyclotron." 

Talk at Arkitekthøgskolen in Oslo, Oct. 12: 

"Solar Heat." 

Talk at a public meeting in Drammen arranged by 

Norwegian Civil Engineers Association, Oct. 13: 

"New Methods for House Heating." 
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Participated in the Scandinavian Accelerator Meeting 
arranged by the Joint Committee of the Nordic. Natural 
Science Research Councils in Uppsala, Nov. 9-10. 

Talk at the University of Trondheim/Norway 
Institute of Technology, Dec. 16: 
"Nuclear Physics at the Oslo Cyclotron." 

B. Skaali On leave to CERN from Nov. 15, 1980 to May 15, 1981: 
Scientific associate at DD Division, CERN. 
Developed a data acquistion system for the WA18 
experiment (CERN-Hamburg-Amsterdam-Rome-Moscow collo-
bration). Visits at CERN in June (2 weeks) and August 
(1 week) 1981 for updating of the data acquisition 
system. 

Participated in the NOCUS Regional Meeting in 
Ferney-Voltaire, France, April 29, 1981. 

P.O. Tjbm Talk at the Workshop on Nuclei Structure at High 
Spin, the Niels Bohr Institute Tandem Accelerator 
Laboratory, Riso, May 18-22, 1981: 

157 "Band Crossings and Magnetic Properties of Ho." 
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12 THESES, PUBLICATIONS AND REPORTS 

12.1 Theses 

John Lasse Bockelie (Cand.real, thesis, 1981): 

A Microprocessor-Based Stabilizing System for Nuclear Data 
Spectrometers. 

Efim Brondz (Cand. real, thesis, 1981): 
Inelastic Scattering of He on C and C. 
A Theoretical Investigation with Microscopic Form Factors. 

Geir Kåre Norderhaug (Cand.real, thesis, 1981): 
Graphical Terminal. Development of a Graphical Program Package -

8080 PLOT. 

Tor Bernt Sunde (Cand.real.thesis, 1981): 

Investigation of Low Activity Laboratories and Calibration 

of the Whole Body Counter at the State Institute of Radiation 

Hygiene. 
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12.2 Publications 

12.2.1 Nuclear physics and instrumentation 

1. Olav Aspelund 

Nuclear Structure and Nuclear Reaction Aspects of Faessler and 
Creiner's Rotation-Vibration Coupling Theory 
Ann. Phys., accepted for publication 

2. Olav Aspelund 
Dynamical Collectivity in the Nuclei Jtg and ^ lg 
Report 81-27, Institute of Physics, University of Oslo (1981) 

3. Olav Aspelund 
Dynamical Collectivity in the Nuclei Tig and T*3g 
Phys. Lett. B, accepted for publication 

4. J. Systo, J. Honkanen, K. Vierinen, A. Hautojarvi, K. Eskola 
and S. Messelt 

31 Observation of Beta-Delayed Protons in the Decay of CI 
Submitted to Phys. Lett. B 

5. T. Bjørnstad, L.C. Carraz, H.Å. Gustafsson, E. Hagberg, J. Heinemeier, 
B. Jonson, O.C. Jonsson, V. Lindfors, S. Mattsson and H.L. Ravn 
New Targets for On-Line Mass Separation of Nuclei Formed in 600 MeV 
Proton and 910 MeV He Reactions 
Nucl. Instr. Meth. 186 (1981) 391 

6. T. Bjørnstad, H.Å. Gustafsson, P.G. Hansen, B. Jonson, V. Lindfors 

S. Mattsson, A.M. Poskanzer and H.L. Ravn 
9 11 

Delayed Neutron Probabilities ot Li and Li 
Nucl. Phys. A359 (1981) 1 

7. T. Bjørnstad, H.Å. Gustafsson, B. Johnson, P.O. Larsson, V. i.indfors, 
S. Mattsson, G. Nyman, A.M. Poskanzer, H.L. Ravn and D. Schnrdl 
The Decay of 8 He 
Nucl. Phys. A366 (1981) 461 
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8. T. Bjørnstad 

A Continuous On-Line Method for Fission Yield Measurements with the 
Combined GJRT-SISAK Technique 
Nucl. Instr . Meth. 188 (1981) 375 

9. T. Bjørnstad, H.Å. Gustafsson, B. Jonson, O.C. Jonsson, V. Lindfors, 

S. Mattsson, A.M Poskanzer, H.L. Ravn and D. Schardt 

Comparative Yields of Alkali Elements and Thallium from Uranium 

Irradiated with GeV Protons 

Z. Physik A303 (1981) 227 

1 12 
Irradiated with GeV Protons, He and C 

10. T. Bjørnstad, J . Blomqvist, G.T. Ewan, B. Jonson, A. Kerek, 

W.-D. Lauppe, S. Mattsson and K. Sistemich 
132 Excited States in the Doubly Closed Shell Nucleus cnSng, 

Submitted to Phys. Lett. B 

11. K. Brodén, G. Skarnemark, T. Bjørnstad, D. Eriksen, I. Haldorsen, 

N. Kaffrell, E, Stender and N. Trautmann 

Rapid Continuous Separation Procedure for Ziroconium, Niobium, 

Technetium, Bromine and Iodine from Complex Reaction Mixtures 

J . Inorg. Nucl. Chem. 43 (1981) 765 

12. S. Chakravarti, P .J . EUis, T . T . S . Kuo and E. Osnes 

Effective Operators with Potentials from Meson Theory 

Phys. Lett. B, in press 

13. T. Engeland 

The Particle-Rotor Model and the Coriolis Attenuation Problem in 
163„ Er 

Phys. Scripta, in press 

14. T. Engeland, A. Henriquez and J . Rekstad 

The Coriolis Attenuation Problem in the Perturbed '{3/9 Neutron 

Bands 

To be published 
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15. F. Folkmann, G.B. Hagemann, M.N. Harakeh, B. Herskind, D.L. Hillis, 
S. Ogaza, H. Emling, E. Grosse, D. Schwabn, R.S. Simon, H.J. Wollers-
heim and P.O. Tjørn 

A Study of the Entry Region after Compound Nuclear Reaction 
Nucl. Phys. A361 (1981) 141 

16. J .D. Garrett , O. Andersen, J.J. Gaardhøje, G.B. Hagemann, 

B. Herskind, J . Konrnacki, J . C . Lisle, L.L. Riedinger, W. Wa/us, 

N. Roy, S. Jonsson, H. Ryde, M. Guttormsen and P.O. Tjøm 

Evidence for a Decreased Pairing Energy in Odd-N Nuclei from Band 

Crossing Frequencies 

Phys. Rev. Lett. 47 (1981) 75 
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