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PREFACE 

Our laat annual report covered the period 1 Hay 1978 - 1 Hay 1979. 
From 1980 our annual reports will follow the calendar year. Thus, 
the present report is a transitory one covering the intervening period 
of 8 aonths. 

E. Osnes (editor) 
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i. urntoDucTiOM 
Our latt report anticipated the final acceptance teat of our new 
SLjnditronix HC 35 cyclotron. The teat «at finished by the end of 
August, and in Noveaber the laboratory building and the cyclotron were 
formally inaugurated in the pretence of the Hinitter of Education and 
the Rector of the Univertity. 

As toon aa the acceptance teat was completed the machine waa put to uae 
for nuclear phytict experiments. The first experiment waa a simple 

35 lifetime measurement in CI using the recoil diatance technique. This 
experiment was in fact used as a laboratory exercise in the new intro
ductory nuclear physics course, arousing great enthusiasm and interest 
among the students. 

More advanced experiments, in psrticular multiparameter work, will have 
to await further hardware and software developments. However, even 
single parameter gamma ray work was precluded during the last two months 
of the year, as our new Ge(Li) detector (in fact, our only one I) sudden
ly broke down and had to be shipped back to the factory. This counter 
will be returned to us in the beginning of January, and in February we 
will get our second Ge(Li) detector. About the same time our home built 
ADC scanner will be in operation, and it will be feasible to detect 
gamma rays in coincidence. 

Despite the collapse of our gamma detector the activity on the cyclotron 
continued. Extensive measurements of the pulse structure of the cyclo
tron beam were performed and will be the topic of the first master 
(cand.real.) thesis based on work at the cyclotron. In fact, graduation 
is scheduled already for the end of January 1980. Further, the energy 
scale of the cyclotron has been checked by particle scattering off 
well-known resonances. 

The Oslo cyclotron gives light-ion beams of higher energy than most of 
the other accelerators for nuclear physics in Scandinavia (see Fig. 
3.2), and contacts are being established with other Scandinavian groups 
that are interested in using our machine for experiments. Thus, in May 
a cyclotron opening symposium was arranged here, attended by 45 nuclear 
physicists and chemists from four Scandinavian and a few other countries. 
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On • national level, contact* nave already been eatabliahed with nuclear 
physicists fro» the University of Bergen who have both participated and 
invested money in the construction of a miniorange B-spectrometer. 
Further, we wish to establish contacts with and provide research oppor
tunities for nuclear physicists in our regional college systea. 

Unfortunately, such an extensive use of the machine is severely ham
pered by the poor and insufficient peripheral instrumentation of the 
cyclotron laboratory. In fact, the breakdown of our new gasau detector 
described above served to illustrate how vulnerable our instrumentation 
is at present. In the current economical situation it will probably 
take longer time than expected to acquire a satisfactory instrumen
tation. This situation poses a great challenge to our group, and we will 
make every effort to ensure an optimal use of our excellent accelerator 
under all circumstances. On the other hand, we may not be able to fully 
justify the large investment made until a more complete instrumentation 
has been built up. Good scientific opportunities may also be lost if 
one fails to provide adequate experimental equipment while the machine 
is still new and interesting. In fact, this view seems to be in full 
accord with the opinion expressed by the Minister of Education at the 
opening ceremony of the cyclotron laboratory. 

Plans are also being made for UBing the cyclotron for other purposes, 
such as production of radionuclides for medicine, biology and nuclear 
chemistry and detection of minor quantities of rare isotopes of interest 
to geology. However, such applications of the cyclotron cannot be 
realized within the present staffing and economic resources of the 
group. Until recently all attempts to obtain financial support for the 
radionuclide project have failed, but there are now indications that a 
solution may be found. 

For obvious reasons most of our experimental research in the reported 
period has been carried out at foreign laboratories. Our contacts with 
these laboratories will be maintained. Members of the group will need 
to go to other laboratories to .exchange experience and make experiments 
which will supplement those done on the cyclotron. In return, we hope 
that such a collaboration will stimulate members from other laboratories 
to participate in the experimental work in our own laboratory. 
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In our research work we tuve directed considerable effort* both experi
mentally and theoretically towarda the investigation of Corioli* and 
recoil effecta in the particle-rotor deacription of transitional nuclei. 
Further, our atudy of hi(h-apin atatea in deformed nuclei haa continued. 
On the theoretical aide there are persisting efforts to describe neutron 
capture data and to derive the effective interaction in finite nuclei 
from the free nucleon-nucleon interaction using «anybody perturbation 
theory. 

A modern accelerator laboratory requires a broad apectrua of advanced 
technological experise. Fortunately, our group comprises experts both 
in cyclotron technology and digital electronics. At our university 
on-line computing was first introduced by nuclear physicists j.n a despe
rate effort to upgrade the old Van de Graaff laboratory. This expertise 
has been further developed and has been of great use to other physics 
groups and other institutes at our university. An amusing example is 
provided by the construction of an interface between an organ and a 
computer done by one of our graduate students. Further, members of our 
group are currently engaged in supervising several graduate students 
from the Institute of Information Science. Also, one will find nuclear 
physicists engaged in and in charge of the energy research carried out 
at our institute. 

Our personnel situation has been rather stable over the last few years. 
During the past year, however, the founder of nuclear physics in Norway, 
Roald Tangen, retired from his chair as professor of physics at the age 
of 67. He has been granted a Senior Fellowship by the Research Council, 
so that we will still be able to draw on his ingenuity and experience. 
Thus, it is interesting to note that the target chamber (plunger) used 
in the first experiment at the cyclotron was constructed by him. 

We are indebted to several institutions for support. The University of 
Oslo has provided the running expenses for the cyclotron laboratory and 
has also paid a considerable part of the peripheral experimental equip
ment. The University of Bergen has contributed significantly to our new 
3-spectrometer. The support from the Norwegian Research Council for 
Science and Humanities was essential in acquiring the cyclotron. The 
continued support from the Research Council in 1979 has enabled us to 
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purchase a NORD-10 computer for the cyclotron laboratory. The Nordic 
Coaatittee for Accelerator-Based Research supported our experimental 
research at other accelerator laboratories and also paid the expenses of 
guest lecturers. Finally, NORBITA paid at usual the expenses of several 
guest lectures visiting Oslo and of our own theoreticiana visiting 
Copenhagen. 
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2. PERSONNEL 

2.1. Reiearch itaff 

T. Engeland (on leave Sep-Dec) 
I. Espe 
K. Gj#tterud 
M. Guttormsen (on leave from Sep) 
A. Henriquez 
T. Holtebekk 
F. Ingebretsen 
S. MesseIt 

G. Midttun 
E. Osnea (chairman) 
J. Rekatad 
B. Skaali 
A. Storms te 
R. Tangen 
P.O. Tj#m 

2.2. Technical staff 

S. Danielsen 
E. Halvorsen 

E.A. Olsen 

2.3. Visiting scientists 

0. Aspelund 
A.M. Abdel Moneim, Alexandria (June - Oct) 

2.4. Students 

As of 31 Dec 1979 14 graduate students (for the degree of cand.real, or 
cand.scient.) and 1 doctoral student (for the degree of dr.scient.) were 
associated with the group. 
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3. THE CYCLOTRON 

3.1. The cyclotron building 
T. Holtebekk 

The cyclotron building is a rebuilt parking house connected to the 
2 

physics building. The laboratory has a total gross area of 410 m . The 
layout LB sketched in Fig. 3.1. The laboratory includes cyclotron hall 

2 2 2 
(72 m ), experimental hall (75 m ), control and computer rooms (54 ra ), 

2 2 
technical rooms (52 m ), workshop and chemical laboratory (50 m ). 

In the cyclotron hall there is planned a target station for production 
of radioactive nuclei, mainly for medical applications. For nuclear 
reaction studies a 90 , 110 cm radius analyzing magnet bends the beam 
into the experimental hall. In the experimental hall there will be a 
switching magnet and three different beam lines and target stations. 

The building, which was completed during the winter of 1979, was formal
ly handed over to the University and opened for use on 13 November, in 
the presence of the Minister of Education, the University authorities 
and other guests. The total cost of the building amounts to 3,8 million 
kr. 

3.2. The Scanditropjx MC-35 cyclotron 
S. Messelt and T. Holtebekk 

The ranges of the rated projectile energies of the cyclotron are given 
in Table 3.1, and are compared with those of the other Scandinavian 
accelerators for low-energy nuclear physics in Fig. 3.2. 

The acceptance test of the cyclotron was completed on 30 August. During 
the test runs particle energy, intensity and energy spread were measured 

3 for beams of protons, deuterons, alpha-particles and He ions. For all 
particles values corresponding.to or better than the guaranteed values 
were obtained. Some results from the test runs are given in Tables 3.2 
and 3.3. The cyclotron has since then been in nearly daily operation, 
partly for further investigation of beam quality and running performance, 
partly for nuclear reaction studies. 
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Fig. 3.1. Layout of the cyclotron laboratoty 



Table J.1. Specificationa of the HC-35. 

Particle Energy (MeV) External beaa (|iA) Energy apread (t) 

proton 2 • 36 
deuteron 
3 H é " 

3.8 - 18 
5.6 - 48 
7.5 - 36 

100 
100 
so 
50 

0.25 
0.50 
0.50 
0.50 

PROSJEKTIL 

Fig. 3.2. Projectile energies of Scandinavian accelerators 
for low-energy nuclear physics. 



9 

Table 3.2 Acceptance teat MC-35, University of Oslo 

Long tine teat Intensity teat Intensity teat 
High energy Lov eaerfy 

p 32.2 MeV 10 [A 32.2 MeV 65 MA 7.6 MeV 13 pA 
8.50 b 0.50 h 0.50 h 

d 15.55 MeV 10 pA 15.55 MeV 65 (M 3.8 MeV 13 |M 
8.00 h 0.20 h 0.50 h 

3He 42.2 MeV 5 MA 42.2 MeV 30 |iA 5.8 MeV 6 MA 
2.00 h 0.50 h 0.50 b 

a 31.1 MeV 5 MA 31.1 MeV 30 M* 7.6 MeV 5.8 MA 
2.00 h 0.50 h 0.50 h 

Table 3.3. Energy Spread, MC-35, University of Oslo 

Energy Energy spread 
MeV 

p 7.8 < 3.6 °/oo 

p 29.4 < 3.6 °/oo 

d 5.3 < 3.0 °/oo 

d 11.95 < 2.4 °/oo 

d 14.25 < 2.0 °/oo 

a 7.6 < 3.5 °/oo 

a 28.5 < 4.6 °/oo 
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3.2.1. Measurements of the cyclotron pulse width 
S. Me»teIt and J. Wikne (graduate student) 

The tiae structure of the external beaa hai been investigated by two 
awthods. In the f i rit aethod a fait •cintillatlon counter waa uaed to 
detect gaaaa-rays («ainly 4.4 MeV) excited by the beaa stopped in carbon 
The detector was connected to the start input of a hoae-built tiae-to-
anplitude converter while the stop signal was derived froa the dee-volt
age. Sone results for the direct beaa froa the cyclotron (0.3-0.5 X 

energy spread) are listed below. Unfortunately, only one aeasureaent 
3 

for He was obtained before the gaB bottle was empty. 

Projectile Energy FWHM FWHM 
MeV ns degrees 

1.9 13 
3.0 14 
2.2 19 
2.1 16 
2.5 11 
3.9 33 
4.3 29 
3.5 15 
2.1 9 

P 20.0 
P 7.8 
d 15.55 
d 11.95 
d 3.8 

4He 31.1 
4He 19.5 
4He 7.6 
3He 5.8 

The measurements were repeated for the beam after the energy analyzing 
magnet (0.1% energy resolution). The results were essentially the 
same, but the pulse widths were dependent on which energy slice of the 
original beam was selected. 

For deuterons and alpha-particles a double structure could be seen. 
This can be explained by the fact that these particles are accelerated 
in the second harnonic mode which means that the RF frequency is twice 
the particle revolution frequency, and the dee-voltages are in phase. 
The spacing between the beam pulses will, however, correspond to the KF 
period since two groups of particles can be accelerated, each with a 
revolution period twice the RF period. If the dee-voltages are not 



11 

exactly equal, or Dot exactly in phaae, one group can be shifted (lightly 
in tiae relative to the RF frequency, and this will produce a double 
structure in the tiae-to-aaplitude spec-trua. The double structure could 
be eliminated by changing the phaae 1-2°. 

The pulae widths were alao aeasured by replacing the gamma-ray detector 
with a scintillation counter detecting charged particles froa a thin 
Al-foil intercepting the bean. The results were in very good agreement 
with the first aethod. 

The measurements show that the time resolution of the electronics was 
very good, 0.5 as or better, and that pulse widths of approximately 1 
ns can be produced by careful tuning of the cyclotron. In aany experi
ments time of flight techniques can therefore be used with good advan
tage. 

3.2.2. Suppressing of beam pulses 
?. Messelt 

The cyclotron beam is pulsed with a repetition frequency equal to the 
RF-frequency. To be able to study isomeric states with lifetimes up to 
some 100 ns it is necessary to suppress for instance 4 out of 5 beam 
pulses. This can be done with a fast pulsing system deflecting the 
external or internal beam. Internal pulsing is the best way, but is 
complicated siace there is aot much space available for the extra elec
trodes and the position is quite critical. A computer program for the 
first part of the orbits from the ion source has been written and will 
be used together with a program from CERN by Dr. N. Vogt-Nilsen to study 
the orbits from the ion source and outwards. 

3.2.3. Cyclotron beam system 
S. Messelt 

The beam system described in the last year's report has now been comple
ted in the cyclotron room. The divergent beam froa the cyclotron is 
focussed with a quadrupole doublet on the entrance slit for the 90 
energy analyzing aagnet. The direction of the beam on the slit can be 
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adjusted with two ••all steering magnets. A viewer and a TV easier a and 
a hoiiiontal and vertical b e » scanner at the exit of the quadrupole can 
be used for beaa diagnostics. 

The 90 magnet with radius 1 n is double focussing, and the beaa is 
focuased on the exit slit close to the wall between the cyclotron room 
and the experimental hall. A horisontal slit width of 2 an corresponds 
to an energy resolution of 0.1%. The second quadrupole doublet is 
mounted on the other side of the wall and is used for focussing the beam 
on the target. 

So far only one target position has been used, and the goniometer table 
for gamma-ray detectors and the scattering chamber for particle detec
tors has to be interchanged depending on the experiment to be performed. 
Later we hope to get a switching magnet and one or two quadrupole doub
lets which will make it possible to have three permanent experimental 
stations in the experimental hall. The scattering chamber has been 
modified so the detector angle can be changed remotely. Also three 
targets can be interchanged remotely, and the beam spot can be observed 
before the collimating system and at the target position by two TV 
cameras. Several transmission detectors can be stacked inside the 
detector holder for d£ - E measurements. So far one 0.134 mm and two 1 
mm thick Si-surface barrier transmission detectors have been used. 

Both the 0° and 90° beam pipes are equipped with pneumatic valves and 
turbo-molecular pumps. The pumps have been used on the Van de Graaff for 
several years and give quite often problems. The services and delivery 
times for spare parts are most unsatisfactory, but fortunately our own 
engineer Eivind Olsen has become an expert in keeping them going. A new 
pump should, however, have high priority. 

3.2.A. Non-intercepting beam-monitor 
S. Messelt and J. Vikne (graduate students) 

A p-metal and a ferrite torus have been tried as non-interceptive beam-
monitors. The monitor was mounted before the entrance slit of the 90 
magnet, and the signal induced in three windings was amplified in a 
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specially designed fast preamplifier and observed with a sampling scope. 
The-band-width of the syste» (mostly limited by the torus) was not wide 
enough to reproduce the narrow beam pulse width of 1 - 2 as, instead the 
beam pulse on the scope was about 10 ns wide, but the signal to noise 
ratio was in most cases quite satisfactory. Some more testing and 
calibration will soon be done. 

3.2.5. Energy calibration 
S. Messelt 

Several measurements have been made to establish the energy scale for 
the analyzing magnet and to check the nominal energy of the cyclotron. 
The energy scale of the cyclotron is based on very accurate magnetic 
field measurements and orbit calculations by the manufacturer, and a 
comparison with accurate experimental measurements is clearly of inter
est. 

From 5 to 20 MeV there exist some resonances and neutron thresholds with 
very well established energies which can be used for calibration. Using 
the scattering chamber the resonance at 9.130±0,010 MeV for elastic 

1?. scattering of protons by C has been measured several times. The 
corresponding nominal cyclotron energy was determined to be 9.36 to 9.40 
MeV, somewhat dependent on the trimming of the machine. By also observ
ing the inelastic scattered protons from the first excited state an<l the 
alpha particles from the (p,a) reaction two accurate comparisons at 
higher energies could be done. A nominal cyclotron energy of 14.50 MeV 
was found to correspond to 14.25±0.05 MeV and a setting of 18.00 MeV was 
found to correspond to 17.6510.05 MeV. This is considered to be satis-

12 factory agreement. The C(p,n) threshold at 19.568 MeV has also been 
studied, but due to a large background no accurate value was obtained. 

Some measurements have also been done using the alpha-beam since the 
alpha-particles are accelerated in the second harmonic mode and have a 
different orbit configuration in the center of the cyclotron. Using the 
magnet calibration from the proton measurements, alpha-particle scat
tering at 9 and 20 MeV was investigated. It was found that at 9 MeV the 
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actual and noainal energy agreed within 0.03 HeV while a noninsl energy 
of 20.00 MeV was found to correspond to an actual energy of 19,60±0.04 
MeV, which also aust be considered satisfactory. A Measurement of the 
12 4 C( He,n) threshold at 11.341 MeV gave agreement with the noninal 
energy within an uncertainty of 0.05 HeV, corresponding to the result at 
9 MeV. 

These measurements were also planned to accurately establish the conver
sion factor between energy and the magnetic field of the analyzing 
magnet measured with a NMR-probc Our NMR-equipment is, however, more 
than 20 years old and far from satisfactory, and we have probably to 
build a new one. So far the old NMR-probe is supplemented with a Hall-
probe with an instrumentation amplifier and digital voltmeter. It is 
calibrated against the NMR-probe and appears to be useful to about 0.1%. 

3.3. Radiation protection at the cyclotron laboratory 
A. Storruste and A. Bull (Health Physics Service) 

The radiation at various places in the cyclotron laboratory and its 
surroundings has been measured and found to be as safe as expected. To 
reduce the radiation level in the yard on top of the laboratory, some 
further shielding is under construction. 
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4. COMPUTERS AND DATA COLLECTION SYSTEM 

4.1. Hardware for data collection at the cyclotron laboratory 
B. Skaali, F. Ingebretsen and G. Midttun 

The new computer system at the cyclotron laboratory was installed in 
February 1979. The system consists of NORD-10/S CPU with 64K memory, 1 
floppy-disc drive, 1 cartridge disc (10 MB), 1 magnetic tape station 
(9-tracks, 800/1600 BPI). 

The data collection system on the N0RD-10 computer will be based on 
CAMAC (Fig. 3.3). Presently 2 CAMAC crates are connected. 

A preliminary version of the data collection system is now operational. 
One 8192 channels ADC is interfaced to CAMAC via an I/O register. Data 
froid the ADC is transferred to buffers in the computer memory on Direct 
Memory Access (DMA), and then sorted into pulseheight distributions. 

Currently a more general data acquisition system is under commission. 
The transfer of multiparameter data will be controlled by a specially 
designed ADC Scanner. Up to 15 ADCs can be connected to the Scanner. 
Each ADC will be interfaced via a new general purpose CAMAC module, see 
Sect.4.1.1. This module can also transfer single parameter data, either 
via programmed 1/0 or on DMA-

Four of the radiation monitors in the laboratory are now connected to 
the NORD-10 computer. The radiation levels can be measured at given 
intervals and the result stored onto file for later analysis. 
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DISC 
10 HB 

MAGTAPE 
9-TRACK 
300/1600 BPi I 

75 IPS 

FLOPPY 
DISC 
300 KB 

MEMORY 
64 KM 
16 BITS l 
NORD-10/S 
CPU 

I/O BUS 

CONSOLE TERMINAL 

'A TERMINALS 
110-9600 BAUD 

CAMAC 

CRATE 1 

(COMPUTER 

CRATE 1 

(COMPUTER 

— — 

XJ 
CAMAC 
CRATE 2 
(CONTROL 
ROOM) 

GRAPHIC DISPLAY 
512x512 PJINTS 
CALCOMP PLOTTER 

RADIATION MONITORS 

ADC SCANNER 

1 615 ADC'S VIA SCANNER 
AND/OR IN SINGLES 

13 DETECTOR POSITION CONTROL 
^ OT iER EQUIPMENT, 
-« DAC'S. SCALERS FTC. 

Fig. 4.1. Data collection hardware at the cyclotron laboratory 
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4.1.1. NORD-10 CAMAC ADC scanner and ADC interface 

G. Midttun» F. Ingebretsen and B. Skaali 

The design of the NORD-10 CAMAC ADC scanner Mentioned ia the 1978 annual 

report is nov finished. Sone of the hardware components have not been 

available on the market, a fact that has delayed the prototype and 

production of the final system. The prototype was finally finished in 

October. 

In connection with the ADC scanner a CAMAC interface module for ADCs has 

been developed. This module is capable of accessing several transfer 

channels, delivering data to different destinations in the data collect

ing system. The module may request transfers via the ADC scanner, the 

standard input/output channel, a private DMA channel or other CAMAC 

modules such as add one memories, etc. The module can also do simple 

arithmetic manipulations, testing the pulsheight, adding a constant to 

the data, etc. The arithmetic repertoar may be changed or broadened by 

microprograms contained in read only memories in the module. 

4.1.2. Graphic display processor 

K. Holt, T. Jønvik, G. Midttun, B. Skaali and student 

This project, which was started two years ago, is now close to com

pletion on the hardware side. All the main modules are now ready, and 

hardware tests will start in the near future. The processor will be 

connected to the NORD-10 computer at the cyclotron laboratory via CAMAC, 

and will serve as graphic display in the nuclear data acquisition system. 

4.1.3. Computer controlled radiation monitoring at the cyclotron labora

tory 

B. Skaali and G. Midttun 

Hardware and software have been developed for a computer controlled 

radiation monitoring at the cyclotron laboratory. Analog and digital 

(alarm) signals from the radiation monitors are connected to the NORD-10 
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computer via CAMAC instruaentation nodules. By aeans of this systea 
long-term radiation measurements will be carried out. It will also be 
possible automatically to turn off tbe accelerator in case of alarms. 

4.2. Software for data collection at the cyclotron laboratory 

4.2.1. Iapleaentation of the NODAL system on NORD-10 
B. tfkaali 

NODAL is a high-level programming language which has been developed at 
CERN to operate on the computer network controlling the SPS accelerator. 
NODAL is an interpretive language designed for interactive use. The 
language has many features which makes it well suited for applications 
in on-line data acquisition and control. 

NODAL has been implemented under the SINTRAN Til operating systea on the 
two HORD-10 computers at the Institute of Physics (NORD-10-510 at the 
Solid State group and NORD-10.61B at the cyclotron laboratory). The 
language is extensively used for the development of new software at 
these coaputers. 

Preliminary report: 
B. Skaali: The SINTRAN III NODAL System. 

4.2.2. Software development for nuclear data acquisition at the 
cyclotron laboratory 
B. Skaali 

A first version of a program for nuclear data acquisition and reduction 
is flow running on the NORD-10 computer installation at the cyclotron 
Laboratory. The program is written in NODAL, and enables the operator 
no accumulate data from an ADC, display and manipulate the data, and 
saving it onto files. 

Other prograas for multi-parameter data accumulation are being designed. 
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Preliminary report: 

B. S-kaali: ALICE, a program for nuclear data acquisition and reduction. 

4.2.3. Software development for scanning of eve.it tapes 

F. Ingebretsen, B. Skaali, A. Haugen (student) and A. Holm (Risø) 

The NBI (Risø) tape scanning programs EVA and NORA have been further 

developed and implemented under the NORD-10 operating system SINTRAN 

III. A new compiler, written in FORTRAN, translates the sorting algorithm 

to highly efficient machine code that allows for maximum speed tape 

input. The sorting algorithm has a slight resemblance to Algol, consist

ing of "compound" statements that start with 'begin* and terminates with 

'end'. The code allows for flexible logical decisions based on incoming 

data, and has arithmetic features that allow for comprehensive data 

transformations and handling. The code can be made very compact mainly 

due to a macro feature. The implementation of the translated sorting 

algorithm in a reading program is in progress. 

Preliminary report: 

A. Haugen: TONE compiler users manual. 

4.2.4. Program for spectrum analysis 

F. Ingebretsen, B. Skaali and A. 11. Abdel Moneim (guest scientist) 

A spectrum analysis program, based on an earlier version for large 

computers, has been developed and implemented on the NORD-10 at the 

cyclotron laboratory. In addition to spectrum input/output from mass 

storage, the program has a fast peak-search routine that also gives 

estimates of singlet peak areas. With proper energy cal ibration, the 

program interprets spectrum peaks for the experimenter in an easy and 

fast way. 

A command structure with "subroutine" and "do-loop" facilities is also 

implemented. This feature makes it possible to analyze any number of 

spectra, say from magnetic tape, without manual intervention. 

http://eve.it


20 

Further development of the program is in progress. Plotting and display 
features as well as peak-shape fitting routines will be implemented in 
the near future. 

Preliminary report: 
F. Ingebretsen, B. Skaali and A.M. Abdel Moneim: NSPECT, a spectrum 
analysis program for N0RD-10. 

4,3. The data laboratory 
B. Skaali 

The Data Laboratory does not constitute a separate group as such, the 
term is used to emcompass the activity centered around the on-line 
computers PDP-7 and NORD-1. 

Historically, the use of on-line computers at the institute has been 
closely related to the development in nuclear physics instrumentation. 
Consequently, the day-to-day operation and the hardware and software 
developments of the installations have been taken care of by members of 
the nuclear physics group, even though much of tbe activity during the 
last years has been related to others, in particular the solid state and 
electronics groups. Furthermore, the computers have played an important 
role as the basis for many theses in instrumentation and software pro
grams . 

During the last year the old computers PDP-7 and NORD-1 have been run
ning without significant changes in hardware or software. The PDP-7 
computer handles the data acquisition at the Van de Graaff laboratory. 
The NORD-1 machine has been used for several purposes, from teaching to 
data acquisition and control at the light scattering laboratory. How
ever, with the installation of a NORD-10 computer at the solid state 
group, the NORD-1 machine has been detached from the on-line data acqui
sition at the light scattering laboratory. 

The NORD-1 computer is now used for student exercises in a new course in 
instrumentation and measuring techniques. The software (NODAL) and 
instrumentation hardware (CAMAC) makes the computer well suited for 
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teaching applications. Furthermore, the computer is used for on-line 
data«accumulation in various solid state experiments. It is also planned 
to use NORD-1 in a solar energy project for data logging over long 
periods. 

Lecture notes: 
B. Skaali: A NODAL Primer, Aug 1979. 

4.4. Software development for the light scattering laboratory 
B. Skaali 

A data collection and control program has been written for the light 
scattering laboratory of the solid state group. The program has been 
written in NODAL for the NORD-10.510 computer installation. The program 
controls the data acquisition from the Fabry-Perot interferometer, and 
controls also the setting of the interferometer on the basis of the 
collected data. 

Preliminary report: 
B. Skaali: SPECTRA, a data collection and control program for the 
Fabry-Perot interferometer at the Light Scattering Laboratory. 
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5. NUCLEAR INSTRUMENTATION AT THE CYCLOTRON LABORATORY 

5-I. Laboratory equipment 
F. Ingebretaen 

The target hall at the cyclotron laboratory will have two target posi
tions at 0 (analyzed beam), one for gamma-ray measurement» and one for 
particle spectroscopy in an ORTEC 17" scattering chamber. The gamma-ray 
goniometer and the scattering chamber have been transferred from the Van 
de Graaff laboratory, 

A 17% 1.68 keV (cobolt-60) resolution Ge(Li) detector has been pur
chased. The detector was shipped back to the factory in early November 
due to a sudden resolution failure. It will be returned from the 
factory in January 1980. Another high resolution counter (CANBERRA) has 
been purchased for delivery in February 1980. In addition there are one 
13% 2.8 keV and two smaller planar detectors available. A miniorange 
beta-spectrometer is under construction. 

The cyclotron hall, the target room, the auxiliary rooms and the com
puter room are all interconnected by cables for signal transfer. All 
interface to the computer goes through CAMAC, and modules for ADC-
connections, both in singles and in multiparameter acquisition mode 
have been developed. 

An 8K CANBERRA ADC (model 8080) has been purchased and tested. There 
are now four ADCs available for experiments, two fast 8K, one 4K and 
one IK. 

The linear and logic electronics for pulseheight and time analysis is 
based on both commercially available and locally built NIM units, all 
located in 19" racks in the control room. Some upgrading on the high 
precision linear and the fast timing side is still necessary for the 
more complex planned experiments. 
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5.2. Apparatu» development 

5.2.1. Remote control of gamma-detector position 
F. Ingebretsen, J. Wikne (graduate atudent),R. Hola and 
B. Solvang (workahop) 

A high torque inductor motor, capable of rotating a heavy load corres
ponding to a lead-shielded detector assembly has been mounted on the 
gamma-ray goniometer ('Utrecht design'). The movement of the assembly 
is detected in a register that counts light-pulses from a light-sensi
tive diode mounted close to a co-rotating pin-wheel. A similar diode-
wheel assembly detects the actual direction of movement. An electronic 
unit performs the necessary control functions, supervised from the 
NORD-10 computer through a CAMAC I/O and interrupt register. A fully 
automatic detector positioning within <0.5 degrees is therefore 
possible. 

5.2.2. A recoil distance target chamber for the cyclotron laboratory 
R. Tangen and F. Ingebretsen 

A recoil distance target chamber (plunger) has been built for lifetime 
measurements at the new cyclotron laboratory. The plunger assembly 
consists of a thin, plane target in front of a moveable backing (stopper) 
The relative target-stopper distance and movement is controlled by the 
use of a micrometer with a scale division of 0.002 mm. The target chamber 
is made of stainless steel with metal sealings, and has a liquid nitrogen 
cold trap surrounding the target-stopper assembly. 

The positioning and parallel adjustment is monitored by electrical 
contact measurements, and the two planes can easily be made parallel to 
a degree that permits a target-stopper distance of 0.01 mm. 

A computer program for the plunger data analysis has been written and 
tested. 
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5.2.3 Construction of niniorange p-tpectroaeter 
A. Henriquez, T. Holtebekk and K. Nyb# (Bergen) 

The construction of a Biniorange p^spectroaeter of the Van Klinken 
type has been completed. Monolithic wedge magnets of Sm-Co. mounted 
on a ring in an orange-like configuration, create a torus field which 
deflects electrons to a Si(Li) detector. 

Calibration of the spectrometer» with sources supplied by the Radio
chemical Centre in Amersham, is now in progress. The transmission 
curves obtained will be compared with numerical calculations. 

1) J. van Klinken et al., Nucl. Instr. Heth. 130 (1975) 427; 15_1 
(1978) 433 
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6. EXPERIMENTAL NUCLEAR PHYSICS 

As our cyclotron has been available for experiments only a few months 

and its peripheral instrumentation is still rather incomplete, most of 

our experimental research has been carried out at foreign laboratories, 

mainly inside Scandinavia (Risø, Jyvaskyla), but also to some extent 

outside Scandinavia (Groningen, Darmstadt). 

Our main interests have been the study of collective degrees of freedom 

and of the interplay between collective and single-particle degrees of 

freedom. The various research projects are described in more detail 

below. Many of these projects anticipate the research projects which 

will be taken up at our own cyclotron laboratory. 

6.1. Nuclear structure at low and medium spins 

6.1.1. A recoil distance measurement at the cyclotron 

R. Tangen, F. Ingebretsen, P.O. Tjørn and students. 

The recoil distance target chamber described in Sect.5.2.2. has been 
35 

successfully tested. The 3163 kev 7/2 level in CI was measured with 

the preliminary result for the mean lifetime, T=(43±3) ps, in good 

agreement with the average of several previous measurements 

The mechanical distance adjustment and target/stopper support is demon

strated to be reliable and easy to use down to distances less than 10 

m. Some minor modifications, mainly for easier initial alignment, have 

been made. 

1) P.M. Endt and C. Van der Leun, Nucl. Phys. A300 (1978) 1. 

6.1.2. Search for antialigned states in the A - 75 region 

J. Reitstad, F. Ingebretsen, E. Osnes and E. Hammaren, M. Jaskalainen, E. 

Liukkonen (Jyvaskyla) and G. LØvhØiden, J. Lien (Bergen) 
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73 73 
The Ge(p,n) As reaction has been studied at the cyclotron laboratory 

in J icvis kyl a with the purpose to identify antialigned states. These 

states, which correspond to antialignment of particle angular momentum j 

and rotational angular momentum R, are expected to be populated in 
73 

reactions with light ions due to the limited spin-transfer. In ?he As 

nucleus antialigned states associated with the intruder g Q/o single 

particle structure could hopefully be recognized. Promising results 

have been achieved, but additional experiments are needed. These will 

be carried out at the Oslo cyclotron. 

6.1.3- Study of high-spin particle states with the (a, He) reaction 

J. Rekstad, I. Espe and G. Løvhøiden, J. Waddington, J.R. Lien (Bergen) 

and C. Gaarde, J.S. Larsen (Niels Bohr Institute) and S. van der Werf 

(Groningen) 

Particle states with large j-values are investigated in both odd- and 

even-mass nuclei in the light rare earth region. The following reac

tions 

1 4 * S m « » ,
3 H e ) ] 4 5 S m 

«WW 5 1*. 
1 6 1DyC<«, 3He) 1 6 2Dy 

have been studied with 40 MeV alphas from the cyclotron at KVI, Groningen. 

The reaction products are analyzed in the Q3D spectrograph which has 

electronic detection device. 

144 3 145 
A detailed analysis of the Sm(a, He) Sm reaction has been performed 

within the framework of DVBA. The angular distributions for different 

£-tranfers are described very well by means of two different sets of 

optical model parameters. The parameter sets give, however, a factor of 

two difference in the spectroscopic factors when the same normalization 

constant is applied. 

In the 1 J l S m nucleus are found three states with a probable £ = 6 

assignment, which are strongly enhanced in the present reaction compared 

to transitions with lower £-values. 
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162 
Many high-fl states are populated in the even-even Dy nucleus in the 

energy region fron 1.5 to 2.5 McV. At least two of these states corre

spond most probably to couplings between two i**/? Particles and 

constitute the low-spin part of the superband known in this nucleus. 

6.1.4. Experimental investigation of the ' ' Gd isotopes 

J. Rekstad, M. Guttormsen, T. Engeland, R. Øyan (graduate student) and 

P. Bøe (graduate student) 

The experiments were carried out at the FN tandem accelerator at the 

Niels Bohr Institute, Risø, with 19 and 27 MeV a-particle beams. The 

(a, few n) reaction was used in order to populate unfavoured anrf low-

spin states in the * ' Gd isotopes. The gamma-ray coincidence 

data were accumulated with an array of four Ge(Li) and three Nal coun

ters. The coincidence events were recorded on tape for folds ^ 2 . In the 
153 

odd-mass transitional Gd nucleus, several rotational bands are obser
ved and will be analyzed within the framework of the particle-rotor 

152 154 
model. Both Gd and Gd reveal B- and octupole vibrational bands 

and will be compared with cranking model calculations (HFBC). Also, an 

investigation of the competition between In, 2n and 3n evaporation 

from the compound nuclei, is in pro ^re, we analyze multiplicity 

and populations within different extract information on the 

entry line and the slope of the yras> 

6.2. Nuclear structure at high spins 

6.2.1. Studies of band crossing in light Yb nuclei 

M. Guttormsen, P.O. Tjørn and L.L. tUedinger, 0. Andersen, J.D. Garrett, 

G.B. Hagemann, B. Herskind, Y.V. Makovetzky (Niels Bohr Institute) and 

J.C. Waddington (Bergen) 

The general phenomenon of backbending in rotational bands of deformed 

nuclei is understood to result from a crossing of bands of different 

degrees of rotation alignment. In one nucleus, Er, two backbends of 

the yrast band have been observed. At the Niels Bohr Institute, we have 

performed a study of the Yb, Yb and Yb nuclei by means of 
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147 149 16 
the ' Sn • 0 reactions at bombarding energies of 80 and 84 HeV. 

Preliminary results show that the yrast sequence, in Yb, undergoes 

two separate band crossings, the first at I = 12 , the second at 

I = 28 . In additi on four sidebands are observed, three of which exhibit 

band crossings at frequencies somewhat less than that of the second 

yrast backbend. These experimental results will be compared with crank

ing -model calculations. 

6.2.2. A study of the entry region by means of a sumspectrometer 

P.O. Tjørn and 0. Christensen, F. Folkmann, J.D. Garrett, G.B. Hagemann, 

B. Herskind, D.L. Hillis, M. Harakeh, P. Oblozinsky, S. Ogaza (Niels 

Bohr Institute) and H. Emling, E. Grosse, R.S. Simon (GSI, Darmstadt) 

To obtain information about nuclei at angular momenta up to the limi

tation imposed by fission or charged particle emission it is necessary 

to develop special techniques to study continuum y-rays. A series of 

measurements at GSI, Darmstadt has been performed with Ti induced 

reactions on targets of Ti, Mo and Pd. The measurements were 

made with a sumspectrometer, a large Nal crystal with an internal target, 

in coincidence with two Nal detectors used as 7-ray transition spectro

meters . This technique combines the simultaneous determination of 

excitation energy and angular momentum (entry line) and the structure 

of Y-ray continum spectra as a function of excitation energy. Both the 

slope of the entry line and the maximum energy of the collective E2 bump 

may serve as independent measurements of the moment of inertia. The 

preliminary results show that the moment of inertia are in good agree

ment with the value calculated from the liquid-drop model for the Er 

systems. The entry line constructed for the Ti + Ti reaction is 

parallel to the liquid-drop yrast line between I = 20 and 35. Above 

I = 40 the slope of the entry line decreases, indicating an increasing 

moment of inertia. Similar results are also deduced from the E2 bump. 
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7, THEORETICAL NUCLEAR PHYSICS 

The ain of our work in nuclear theory is to understand the many features 
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. 

7.1. Many-body theory 

7.1.1. Effective operators in nuclei 
E. Osnes and J.M. Leinaas (NORDITA) and T.T.S. Kuo (Stony Brook) 

Our work on effective operators in nuclei has two aspects: (i) to 
derive their formal properties using various forms of many-body pertur
bation theory, and (ii) from these results to calculate numerically the 
effective interaction and electromagnetic transition operators in actual 
nuclei. 

Our results in this field have been published in several papers during 
the last few years. In the past year we have worked out a practical 
scheme for evaluating perturbation theory diagrams in an angular momen
tum coupled basis. On the more formal side, we have investigated the 
applicability of Borel summation when the perturbation series diverges 
due to branch point singularities from so-called intruder states. Two 
manuscripts have been prepared. 
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7.2. Collective models 

7.2.1. Nuclear structure and nuclear reaction aspects of Faessler and 
Greiner's rotation**vibration coupling theory 
Olav Aspelund 

Based upon the formalism developed by us, further applications of 
Faessler and Greiner1s rotation-vibration coupling theory (RVCT) were 
undertaken. 

Pending more detailed structure and reaction calculations of ours, we 
draw attention to the possibility that the effects of the hexadecapole 
tenn [Y! + Y! _„] ad hoc introduced into the expression for the 
nuclear surface by Kay, Blanpied and Coker (see Phys. Rev. C20 (1979) 
1236) indicates second-order non-spherical quadrupole phonon effects 
that can be treated consistently in terms of RVCT. We are in the pro
cess of launching a research program dedicated to systematic investi
gations of these effects in selected 2s-ld shell nuclei. 

Another application of RVCT is devoted to the nucleus B, where we have 
located the level corresponding to the B-vibrational level at E = 7.655 

12 X 

MeV in ^C. 

7.2.2. Nuclear structure and nuclear reaction aspects of Bohr's 
surface vibration theory 
Olav Aspelund 

A publication concerned with structure and reaction aspects of Bohr's 
surface vibration theory is being prepared. 

7.2.3. A particle-rotor model study of odd-neutron nuclei in the 
A - 150 region 
A. Henriquez, M. Guttormsen, J. Rekstad, E. Osnes and T. Engeland 

The N = 87-91 nuclei are studied as a test case for the pairing plus 
recoil model . Due to significant changes in the deformation the 
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pairing and recoil effects are expected to play different roles in these 
nuclei. We focus in particular on the abnormal i•,->,* band structure in 
the N = 87 nuclei which may be caused by strong recoil effects on the 
occupation of large-j orbits. 

We also study the extent of alignraent/antialignment in the various i , r , , 0 

bands by a comparison of the results from the Coriolis coupling model 
and the weak-coupling model. 

1) T. Engeland and J. Rekstad, Phys. Lett, (in press). 

7.2.4. The Coriolis attenuation problem 
J. Rekstad and T. Engeland 

The Coriolis matrix element which appears in the particle rotor model is 
known to be overestimated by the theory. No acceptable solution has yet 
been found. 

In the particle-rotor model the Coriolis matrix element between the two 
states *. and *, has the form i k 

ft. + 1. The intrinsic wave function d) can be of the 
Nilsson type. The quantity 6 represents the overlap between the two 
states. In the usual BCS approach this overlap factor is 
P = U.U, + V.V., expressed by the pairing amplitudes U and V. We 
define the Coriolis attenuation as the value of 0. Thus the pairing 
factor P represents already an attenuation since P < 1, but in most 
cases it is far from sufficient to account for the experimental results. 

We investigate this problem within the pairing plus recoil model. Our 
Hamiltonian is of the form 
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H = H + H . + H t 

sp pair rec' 

where H describes the single-particle field. H the pairing 
sp * • pair 

interaction and H is the full recoil term . The intrinsic wave 
rec 

functions $ are obtained as eigenstates of H. Thus the two impor

tant and competing effects, the pairing and the recoil, are treated in a 

more complete manner than in the usual BCS approach. 

2) 
In even systems we have shown that the usual BCS-type intrinsic wave 

function is significantly modified by the recoil term, an effect not 

obtained in the BCS theory. 

Preliminary results are also obtained for odd-A systems which indicate 

that the overlap factor 6 is clearly reduced in this model. 

1) E. Osnes, J. Rekstad and O.K. Gjøtterud, Nucl. Phys. A253 (1975) 45 

2) T. Engeland and J. Rekstad, Phys. Lett, (in press). 

152 
7.2.5. The B-band and the octupole band in 6d 

M. Guttormsen, J, Rekstad and L.L. Riedinger (Tennessee) 

152 
The fj-band and the octupole band in Gd have been populated up to spin 

10 and 15 respectively in the Sm(a,2n) Gd reaction (see Sect. 

6.1.3). 

In the energy versus spin diagram of Fig. 7.1 both bands have the same 

characteristic development. First, these bands approach the ground band 

when the spin increases, but from a certain spin they are deflected 

upwards in the diagram. 

This effect has been analyzed by considering the projected angular 

momentum along the rotational x-axis as a function of rotational fre

quency ID. Fig. 7.2 shows the projected angular momentum I (UJ) for the 
252 x 

two excited bands in Gd compared with the ground band (upper part). 
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The difference in alignment 

i(ui) = I (w) - I r e f(u)) 

may usually be taken as a measure for the alignment of particle angular 
momenta in the excited band (lower part of Fig. 7.2). 

152 The results for Gd indicate that in addition to the particle-spin 
alignment, also the moments of inertia are significantly different for 
the excited bands and the ground band. This is most likely related to 
the transitional character of this nucleus. Only six particles outside 
the N = 82 core deform the nucleus, and a decoupling (alignment) of two 
of these particles perturbs strongly the deformation. 

7.2.6. Cranking model calculations of Hg isotopes 

M. Guttormsen and K. Hiibel (Bonn). 

Cranking model calculations have been performed for the Hg isotopes, 
and the rotational frequency u) and aligned angular momentum i(tu) are 

198 compared to experimental data. The s-band of Hg displays i(io) = 11.5 
units and a crossing with the ground band at w = 0.21 MeV/fi. 

-2 These fingerprints are consistent with a neutron (i|o/ 5) quasiparticle 
190-19& interpretation. However, in the isotopes Hg the experimental 

alignment reaches only i(iu)=9.5. According to our calculations this 
reduction of i(ui) is quite unexpected and possible explanations will be 

190 14 
investigated. Additional experiments on Hg with a N-beam are plan-
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7.3. Nuclear reactions 

7.3.1. Study of nuclear structure by two-nucleon transfer reactions in 
coupled-channel formalis» 
T. Engeland, I. Espe, E. Brondz (graduate student) and T.Samuelsen 
(graduate student) 

The project to investigate the structure of nuclei using two-nucleon 
transfer reactions has been continued. Two problems have been of parti
cular interest in the reported period. 

3 
In the ( He,p) transfer reaction the ratio between the T = 0 and T = 1 
parts of the transfer strength is of great importance for the cross 
section. In an earlier experiment we have measured the cross section 
for the reaction C( He,p) N. The transfer strengths to the 1 T = 0 
ground state and the 1 T = 0 394 MeV state are pure T = 0 processes 
whereas the transfer strength to the 0 T = 1 2.31 MeV state is 
a T = 1 prosess. These data are now analyzed in order to determine 
the ratio of the T = 0 and T = 1 strengths. Both the possibility of 
second order processes and the possibility of microscopic details in the 
wave functions are considered. 

In a separate study the question of inelastic formfactors is considered. 
In light nuclei collective formfactors do not describe all the important 
couplings. As an alternative we compare formfactors based on microscopic 
models with the E2 and E3 collective formfactors. As a testing 

12 13 ground we have chosen inelastic excitations on C and C. No definite 
results have yet been obtained. 
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8. OTHER FIELDS OF RESEARCH 

8.1. Projects for use of the cyclotron in other fields 

8.1.1. Production of radionuclides 
T. Holtebekk 

Until now no finacial support has been received for this project, but 
the Department of Education has recently offered a partial support, and 
thus the efforts continue to find a satisfactory solution. 

Staff members at The Radioisotope Laboratory of the Institute for Atomic 
Energy at Kjeller are now together with members of the nuclear physics 
group considering the possibility of producing some radionuclides which 
are highly wanted in nuclear medecine and which may be produced with 
simple methods without large investments: Ga (half-life 78 hours) is 
already in use and is now imported at a high price. It may be produced 
at the cyclotron in the reaction Cu(a,2n). Experiments to find out if 
it can be produced with sufficient purity at a reasonable rate have now 

81 been started. A'so production methods for Kr (half-life 13 s) as a 
81 decay product of cyclotron-produced Rb (half-life 4.5 hours) and of 

2 0 1 . • • ' 

Tl (half-life 73 hours) will be studied. If the results of the 
experiments are satisfactory, plans for routine production of these 
nuclei will be discussed. 

8.1.2. Application of the cyclotron as a mass spectrometer 

T. Holtebekk 

Preliminary investigations show that it is possible to accelerate C 
ions to an energy of 24 MeV in the cyclotron. This is considered suffi-

12 14 cient for mass analysis for instance for determination of C - C 
ratios. It is, however, not clear if the efficiency in the acceleration 
process is sufficiently high for radio-carbon dating analysis. Further 
investigation of this problem is under way. 
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8.2. Radiation physics 
A. Storruste 

Part of the work has been concerned with the radiation protection at the 
cyclotron laboratory (with A. Bull» Health Physics Service), as de
scribed in Sect. 3.3. 

The collaboration with the State Institute of Radiation Hygiene in the 
construction and calibration of a whole body counter and low radiation 
level laboratory continues (with T.B. Sunde, graduate student). 

8,3. Solar energy research 
J. Rekstad, F. Ingebretsen, S. Bjerke and 0. Holter (Plasma Physics 
Group) 

Some preliminary investigations of simple solar collectors for house 
heating have been carried out. We will combine this work with emphasis 
on inexpensive collector designs and simple integrated solar heating 
systems and heat storage equipment. 

A set-up consisting of two identical solar collectors has been placed at 
the roof of the physics building. This makes it possible to test the 
effect of changes in the construction relative to a fixed reference 
collector under identical weather and radiation conditions. We have 
particularly tested out an open "flowing water" type collector. By 
introducing a thin transparent plastic foil as a "vapour trap" in the 
construction the efficiency has been improved with a factor of about two 
for this simple and cheap solar collector. 

Experimental data from solar heated houses will be collected and ana
lyzed. The group works as a coordinating unit for research on solar 
energyj with financial support from the Ministry of Oil and Energy. 



39 

9. SEMINARS AND LECTURES 

9.1. Seminars 

11.05 S. Frauendorf (R-Jssendorf) 
A Core-Quasiparticle Coupling Model for Odd-A Transitional 
Nuclei 

30.05 W.G. Davies (Chalk River) 
The New Superconducting Cyclotron at Chalk River 

15.06 M. Guttormsen 
Interpretation of Many-Quasiparticle Bands by Means of the 
Cranking Model 

25.06 J. Simpson (Guelph) 
Measurement of the 
End-Point Energy and Anti-Neutrino Mass 

3 
Measurement of the B-Energy Spectrum of H to Determine the 

04.07 P.J. Ellis (Minneapolis) 
Spin-Orbit Effects in Heavy-Ion Reactions 

29.08 I. Talmi (Rehovoth) 
The Interacting Boson Model 

30.08 J.S. Forster (Chalk River) 
Recent Developments and Results in Nuclear Lifetime 
Measurements 

05.09 F. Ingebretsen 
First Experiment on the Cyclotron 

05.09 R. Tangen 
A Target Chamber for Recoil Distance Measurements 

13.09 R. Tangen 
Retrospective Glance (Institute Colloqium) 
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03.10 J. Wikne 

Tiae Structure of the Cyclotron Beaa 

26.10 S. Shlomo (Jerusalem) 

Coulomb Energy Differences in Nuclei 

R. Øyan (student) 
152 153 

Population of Levels in Gd and Gd by tbe Reactions 

1 5 0Sm(a,2n) and 1 5 0Sm(a,n) 

09.11 P. Bøe (student) 

19.11 J. Blomqvist (Stockholm) 
146 

Shell Structure in the Gd Region 

29.11 T. Holtebekk 

The Cyclotron Laboratory (Institute Colloqium) 

05.12 S. Messelt 

Energy Calibration of the Cyclotron 

07.12 0. Aspelund 

Second-Order Non-Spherical Quadrupole Phonon Effects in 

2s-ld Shell Nuclei 
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9.2. Sympos ium 

To celebrate the opening of the Oslo cyclotron and help prepare the 

experimental program on the machine, an opening symposium was arranged 

at the Institute of Physics 14-15 May, with the participation of 45 

nuclear physicists and chemists from four Scandinavian and a few other 

countries. The symposium was made possible by the support of the 

Norwegian Research Council for Science and Humanities, the Norwegian 

Physical Society and the Nordic Committee for Accelerator-Based Research. 

Grants from the companies Scanditronix and Solberg & Andersen made it 

possible to invite all the participants and people who had been instru

mental in acquiring the cyclotron to an informal buffet supper and 

party. 

The program of the symposium included the following talks: 

G. Hagemann (Copenhagen) 

New Developments in the Spectroscopy with Continuum Gamma Rays 

J. Waddington (Bergen) 

Study ot Highly Aligned Two-Quasiparticle Bands at Low Angular 

Frequency 

J.E. Larsson and H. Lindqvist (Scanditronix, Uppsala) 

Presentation of the Scanditronix MC-35 Cyclotron 

F. Ingebretsen 

Presentation of the Laboratory, Experimental Equipments and 

Computer Facilities 

P.O. Tjørn 

Planned Projects at the Oslo Cyclotron 

R.M. Lieder (Jiilich) 
210 211 212 

Gamma Ray and Charged Particle Spectroscopy for * ' Po 
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S. Hjorth (Stockholm) 
Accelerator Plans in Stockholn and Uppsala 

L. Riedinger (Copenhagen) 
The Five Backbends of Yb. A Detailed Test of Rotation Alignment 
Models 

The program also included a discussion session of future projects and 
possible cooperation of the nordic laboratories at the Oslo cyclotron. 
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10. VISITORS 

Long-term visitors are listed in Sect. 2 and guest lecturers in Sect. 9. 
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11. COMMITTEES, CONFERENCES AND TALKS 

11.1. Committees and various activities 

Mainly external committees and activities are listed. 

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

K. Gj»*tterud Member of ISOLDE committee (CERN). Secretary for 
Norwegian Friends of the Hebrew University, 
Jerusalem, and Norwegian-Israeli Research Fund. 
Referee for Nuclear Physics and Physica 
Scripta. 

T. Holtebekk Member of the steering committee for the radio
nuclide project. Member of the Standardization 
committee for technical and physical units. 
Author for "Store Norske Leksikon". 

F. Ingebretsen Deputy member of the Nordic Committee for Accele
rator-Based Research (NOAC), member of the Data 
committee of NOAC. Member of the energy committee 
of the Norwegian Church Council. Referee for 
Nuclear Instruments and Methods. 

S. Messelt Referee for Nuclear Instruments and Methods. 

£. Osnes President of the Norwegian Physical Society. 
Referee for Nuclear Physics, Physics Letters 
and Physica Scripta. 

J. Rekstad Referee for Nuclear Physics. 
Member of the "solar energy committee" appointed 
by the Department of Oil and Energy to suggest 
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the level and organization of the solar energy 

research in Norway. 

Member of a solar heat committee in the community 

of Drammen as a representative for the Department 

of Oil and Energy. 

Member of an advisory committee appointed by Arki

tekthøgskolen, Oslo, to guide during the construc

tion of a new dairy building at Mysen (Østfold). 

Member of a committee appointed by Sogn og Fjordane 

Distriktshøgskole to suggest a new organization and 

content of the physics study. 

B. Skaali 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. Tjørn Referee for Nuclear Physics. 

11.2. Conferences, visits and talks 

The following members of the group participated in the Annual Meeting of 

the Norwegian Physical Society (NPS) in Bergen 6 - 8 June: 

T. Engeland, K. Gjøtterud, G. Midttun, E. Osnes, J. Rekstad and R. 

Tangen. 

The following participated in the Nordic Symposium on Nuclear Physics ia 

Lysekil, Sweden, 20 - 24 August: 

A.M. Abdel Moneim, 0. Aspelund. T. Engeland, I. Espe, M. Guttormsen, 

T. Holtebekk, F. Ingebretsen, S. Messelt, E. Osnes, J. Rekstad and 

P.O. Tjørn. 

The following participated in the Symposium on Nuclear Physics in Heavy 

Ion Collisions between 10 and 300 MeV/Nucleon in Copenhagen 18-20 Sep: 

T. Engeland, E. Osnes and P.O. Tjørn. 

For the individual members of the group we list the following activites: 
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T. Engeland Talk at the NPS Annual Meeting in Bergen 6-8 June: 

Evidences for the Two-Body Nature of the Recoil 

Term in the Particle Rotor Model. 

N0RD1TA, Copenhagen, Sep-Dec. 

K. Gjøtterud Talk at Nordic Parliamentarians Conference on Anti-

Semitism in the Soviet Union, Stockholm, 14 May: 

Some Features of Antisemitism - Practice and 

Expressions - in the Soviet Union. 

Talk at a seminar on Albert Einstein at the Insti

tute of Physics, Oslo, 23 May: 

Einstein's Contribution to the Quantum Theory. 

Talk at a meeting on the freedom of science arranged 

by the Danish Physical Society in Copenhagen, 

17 June: 

The work of the Scandinavian Committee for Freedom 

of Science (Work Supporting Persecuted Colleagues in 

the Soviet Union and Argentina). 

Talk at B'nai B'rith, Oslo, 18 Sep: 

Albert Einstein - a Sketch. 

Guest lectures at Universidad Autonoma Madrid under 

the cultural agreement with Spain. 

31 Oct: Gross and Detailed Structure of Delayed 

Neutron Spectra. 

2 Nov: A Sketch of Albert Einstein's Contribution 

to Quantum Mechanics before 1925. 

Committee meeting at ISOLDE, CERN, Genova, 11-14 

June and 6-7 Nov. 
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M. Guttormsen University of Bonn, West Germany, from Sep. 

Talk at Mini-Conference on Methods and Perspectives 
of the y-Ray Spectroscopy, Beekbergen, Holland, 
1-3 Nov: 
Aligned Quasiparticle States in Yb. 

Talk at the University of Bonn 17 Dec-
Fingerprints of Rotational High-Spin States. 

F. Ingebretsen Lecture at courses for high-school teachers at the 
University of Oslo, Aug and Nov: 
£nergy and energy saving. 

G. Midttun Talk at the NPS Annual Meeting in Bergen 6-8 June: 
A Multi-Parameter ADC Scanner for Nuclear Physics 
Experiments. 

£. Osnes Talk at Kernforschungsanlage, Jtilich, West-Germany, 
25 May: 
The Recoil Term in the Particle-Rotor Model. 

International Workshop on Time-Dependent Hartree-
Fock, Gif-sur-Yvette, France, 28 May - 1 June. 

Talk at the NPS Annual Meeting in Bergen 6-8 June: 
Application of the Borel Method of Summation to a 
Quantum Mechanical Model Problem. 

Talk at the Swedish-Israeli Symposium on Very Stable 
Nuclear Systems at Korno, Sweden, 26-28 Aug: 

18 19 Realistic Calculations of E2 Rates in ' 0,F. 

Coordinating committee of the physical societies of 
the nordic countries, Copenhagen, 21 Nov. 
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Talk at the Workshop on Nuclear Physics in Bergen 
29-30 Nov: 
Coriolis and Recoil Effects in Transitional Nuclei. 

J. Rekstad Talk at a meeting on a possible national research 
and development program for solar energy in Norway 
arranged by the Department of Oil and Energy in Oslo 
22 May: 
Solar Energy-Possibilities in Norway. 

Talk at the NPS Annual Meeting in Bergen 6-8 June: 
On the Coriolis Attenuation Problem. 

Lectures at the International Summer School of the 
University of Oslo, 23 July: 
Solar Energy in Norway. 

Talk at Chalmers University of Technology, 
Gothenburg, Sweden, 26 Nov: 
Nuclear Physics Problems with Relations to Small 
Accelerators. 

Talk at the Workshop on Nuclear Physics in Bergen 
29-30 Nov: 

152 The B-Band and the Octupole Band in Gd. 

B. Skaali NORD Computers Users Society Meeting. Strasbourg, 
France, 31 Oct - 3 Nov 1979. 

Visit to CERN, Geneva, 10-14 Dec to study hardware 
and software developments for process control sys
tems. 

P.O. Tj#m Lectures on nuclear physics at course for high-school 
teachers at the University of Oslo, 19-30 Nov. 
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12. THESES, PUBLICATIONS AND REPORTS 

12.1. Thesis 

1. Harald St.-Bowitz (Cand.real, thesis) 
Construction of an Interface for Communication between an Electronic 
Organ and a Computer, and Construction of the Corresponding Organ 

12.2. Publications 

12.2.1. Nuclear physics and instrumentation 

1. 0. Aspelund 
Oblate-Prolate Effects in Nuclear Structure and in Nuclear 
Reactions 
Phys. Lett. 87B (1979) 150 

2. 0. Aspelund 
29 Rotation-Vibration Coupling Effects in the Nucleus Si 

Phys. Lett. B, in press 

3. 0. Aspelund 
Nuclear Structure and Nuclear Reaction Aspects of Faessler 
and Greiner's Rotation-Vibration Coupling Theory 
Report 79-18, Institute of Physics, University of Oslo (1979) 
Submitted to Ann. Phys. (N.Y.) 

4. 0. Aspelund 
Second-Order Non-Spherical Quadrupole Phonon Effects 
in 2s-Id Shell Nuclei 
To be published 

5. T. Engeland and J. Rekstad 
The Recoil Term and the Pairing Interaction 
Phys. Lett. B, in press 
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6. F. Folkunn, C.B. Hageaann, H.N. Karakeh, B. Henkind, D.L. Hillil, 

S. Ogaza, H. Ealing, E. Grotte, D. Schwala, R.S. Slaon, 

H.J. Wollersbeia and P.O. Tjøa 

A Study of the Entry Region after a Compound Nuclear Reaction 

To be published 

7. K. Gjøtterud 

En skisse av Albert Einsteins bidrag til kvanteteorien fre» til 

1925 

Fra Fysikkens Verden 41 (1979) 55 

8. K. Gjøtterud 

Sven Gosta Nilsson 1927-1979 

Fra Fysikkens Verden 4J (1979) 73 

9. M. Guttormsen, T. Pedersen, J. Eekstad, T. Engeland, E. Osnes and F. 

Ingebretsen 
23 

Pairing in the s-d Shell. An Analysis of the Na Nucleus 

Nucl. Phys. A, in press 

10. M. Guttormsen, J. Rekstad, A. Henriquez, G. Løvhøiden and 0. Straume 

New Light on the AN = 2 Coupling 

Nucl. Phys. A, in press 

11. M. Guttormsen and J. Rekstad and L.L. Riedinger 

The B-Band and t 

To be published 

152 
The B-Band and the Octupole Band in Gd 

12. S.A. Hjorth, A. Johnson, A. Kerek, W. Klamra, S. Messelt, C. Pomar, 

W. Walus, 0. Skeppstedt, Z. Sujkowski, A. Zgliriski, L. Carlén, 

H. Ryde, M. Piiparinen, W.J. Ockels and M.J.A. de Voigt 

On the Decay of Compound Nuclei Following Alpha-Particle and 
12 
C Induced Reactions 

To be published 

13. T. Holtebekk 

Syklotron til Universitetet i Oslo 

Naturen No. 2 (1979) 91 
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14. T. Holtebekk 

Syklotronen, Universitetets nye atouknuaer 

Aftenposten, 17 Nov 1979 

15. T. Holtebekk 

Det nye syklotronlaboratoriet 

Naturen No. 6 (1979) 291 

16 T.T.S. Kuo and £. Osnes 

Calculation of E2 Transition Rates in A = 18-19 Nuclei with 

Realistic Effective Interaction and Charges 

J. Phys. G, in press 

17. T.T.S. Kuo, J. Shurpin, K.C. Tarn, E. Osnes and F.J. Ellis 

A Simple Method for Evaluating Goldstone Diagrams in an Angular 

Momentum Coupled Representation 

To be published 

18. J.M. Leinaas and E. Osnes 

Application of the Borel Method of Summation to a Quantum 

Mechanical Model Problem 

Phys. Scripta, in press 

19. J.R. Lien, G. Løvhøiden, K. Aareskjold, S. El Kazzaz, C. Ellegaard, 

K. Heyde, M. Waroquier, P. Van Isacker, H. Vincx, J. Rekstad 

and P. Kleinheinz 

Studies of Single Neutron Holes in the Transitional 

N = 83-89 Nuclei: The 1 4 2Ce(d,t) 1 4 1Ce and 1 4 2Ce( 3He,o) 1 4 1Ce 

Pick-up Reactions 

Nucl. Phys. A32& (1979) H i 

20. G. Løvhøiden, J.R. Lien, S. El Kazzaz, C. Ellegaard, J. Rekstad and 

P. Kleinheinz 

Studies of Single Neutron Holes in the N = 83-89 Nuclei: The 

U 8 , 1 5 0 N d ( d , t ) and 1 4 S' 1 5 0Nd( 3He,o) Pick-up Reactions 

To be published 
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21. G.J. Midttun, F. Ingebretsen and B. Skaali 

A IS Fold ADC Scanner for Nuclear Physic» Experiments 

To be published 

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

An ADC Multichannel Interface 

To be published 

23. T. Pedersen, E. Osnes and M. Guttormsen 

The K" = 1/2" Bands in the Odd-A = 19-31 Nuclei 

Nucl. Phys. A332 (1979) 1 

24. J. Rekstad, T. Engeland and E. Osnes 

Evidence for the Two-Body Nature of the Recoil Term in the 

Particle-Rotor Model 

Nucl. Phys. A330 (1979) 367 

25. J. Rekstad and T. Engeland 

On the Coriolis Attenuation Problem 

Phys. Lett. B, in press 

26. J. Rekstad, G. Løvhøiden, J.R. Lien, S. El Kazzaz, C. Ellegaard, 

T. Bjerregaard, P. Knudsen and P. Kleinheinz 

Studies of Single Neutron Holes in the Transitional N = 83-89 

Nuclei: The 1 4 8 ' 1 5 0 ' 1 5 2 S m ( 3 H e , o ) Pick-up reactions 

To be published 

27. J. Rekstad, M. Guttormsen, T. Engeland, G. Løvhøiden, 0. Straume, 

J. Lien and C. Ellegaard 
153 

The Sm Nucleus: An Experimental and Theoretical Study 

Nucl. Phys. A320 (1979) 239 

28. L.L. Riedinger, 0. Andersen, S. Frauendorf, J.D. Garrett, 

G.B. Hagemann, B. Herskind, Y.V. Makovetzky, M. Guttormsen, 

P.O. Tjørn and J.W. Waddington 

Aligned Rotational Bands in Light 7b Nuclei 

Phys. Rev. Lett., in press 
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29. B. Skuli 

the NODAL System for the NORD-1.33 Computer 

Report 79-13, Institute of Physics, University of Oslo (1979) 

12.2.2. Other fields 

1. T. Holtebekk 

Articles on atomic, nuclear and elementary particle physics, 

optics and general physics in Aschehoug og Gyldendals Store 

Norske Leksikon 

2. J. Rekstad 

Solvarme i Norge 

Chapter in Wettermark and Petterson: "Solenergiboken" 

Cappelen (1979) 

3. J. Rekstad 

Energisparing og boligbygging 

Teknisk Ukeblad, in press 

4. S. Bjerke, J. Rekstad, F. Ingebretsen and 0. Holter 

Undersøkelse av en overrislings-solkollektor 

To be published 

12.3. Conference reports 

1. T. Engeland, E. Osnes and J. Rekstad 

Evidences for the Two-Body Nature of the Recoil Term in the 

Particle-Rotor Model 

Abs. Ann. Meeting, Norw. Phys. Soc, Bergen, 1979 

Sei./Tech. Rep. No. 112, University of Bergen (1979) p. C.27 

2. F. Folkman, J.D. Garrett, M.N. Harakeh, G.B. Hagemann, B. Kerskind, 

H. Enling, E. Grosse, D. Schwalm, R.S. Simon and P.O. Tjørn 

Evidence for Superdeformation Near A = 100 

Cont. Nordic Symposium on Nuclear Physics, Lysekil,Sweden, 

20-24 Aug 1979 (Chalmers University of Technology, Gothenburg, 

1979) p. 13 
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3. Jin Gen-ning, J.D. Garrett, J. Rekstad, G. L*vh#iden, 

T. Thorsteinsen and J. Waddington 

An Attempt to Locate the Low-Lying Numbers of the Superband 

in 1 6 0 D y Using the l 6 lDy( 3He,o) Reaction 

Cont.Nordic Symposium on Nuclear Physics, Lyskil, Sweden, 

20-24 Aug 1979 (Chalmers University of Technology, Gothenburg, 

1979) p.35 

4. J.M. Leinaas and E. Osnes 

Application of the fiorel Method of Summation to a Quantum 

Mechanical Model Problem 

Abs. Ann. Meeting, Norw. Phys. Soc. Bergen, 1979, 

Sci./Tech. Rep. No. 112, University of Bergen (1979) p. C.31 

5. G.J. Midttun 

A Multi-Parameter ADC Scanner for Nuclear Physics Experiments 

Abs. Ann. Meeting, Norw. Phys. Soc., Bergen, 1979, 

Sci./Tech. Rep. No. 112, University of Bergen (1979) p. C.23 

6. J. Rekstad and T. Engeland 

On the Coriolis Attenuation Proben 

Abs. Ann. Meeting, Norw. Phys. Soc., Bergen, 1979, 

Sci./Tech. Rep. No. 112, University of Bergen (1979) p. C.29 

7. B. Skaali, A. Haugen, F. Ingebretsen and G. Midttun 

The Data Acquisition and Control System at the Oslo Cyclotron 

Laboratory 

NORD Computer Users Society Fall Meeting, Strasbourg, France, 

31 Oct - 3 Nov 1979 

8. J.C. Waddington, G. Løvhøiden, T.F. Thorsteinsen, J. Rekstad, 

G.E. Hagemann, B. Herskind, L. Riedinger and G. Sletten 

Rotational Alignment in Ho 

Bull. Am. Phys. Soc. 27 (1979) 835 


