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I. INTRODUCTION 

The opening symposium for the cyclotron in 1979 did forecast, as empha
sized in the 1979 annual report, that the MC-35 would be an interesting 
addition to the accelerators available for nuclear phycics research in 
Scandinavida. After one whole year in operation, this has manifested 
itself in two sain aspects. 

Firstly, alsost all projects have been carried out in cooperation with 
physicists f roa other laboratories or universities in Scandinavia. In 
several cases, sone experiments have been performed in Oslo, soae at 
other accelerators. The SMSt attractive side of the Oslo cyclotron so 
far has been the energies available. It is easy to forecast at present 
that the 3He bean up to 48 MeV will enhance this effect. 

In this context we would like to thank all our colleagues and friends for 
their cooperation throughout this year. In particular our colleagues fron 
the University of Bergen deserve special thanks. They have tackled our 
common problems connected with the breaking in of virgin equipment with 
an enthusiasm and patience that even equals our own. It is quite clear 
that the efficient accelerator time of about 90 days has been short. This 
is due mainly to the unavoidable problems connected with new installa
tions. We thank all our colleagues for their patience and polite tolerance 
in this situation. 

Secondly, most experiments have been extensions and supplements to ex
periments performed at other nordic laboratories. At present, the range 
of experimental possibilities at the Oslo cyclotron is limited. The 
availability of large and expensive auxiliary equipment in other labora
tories makes the collective use of such resources more efficient. The 
NOAC fund for nordic cooperation has, in our opinion, proved to be a very 
efficient way where a relatively small but flexible fund leads to a 
rational use of expensive resources. The support from this fund to our
selves and to our colleagues for cooperative projects is highly appre
ciated. 

Although the experimental equipment available for nuclear physics is 
still limited, the increasing complexity of the measurements throughout 
the year reflects an increasing improvement on the detector and elec-
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tronic side. The first two-paraatter coincidence experiaent «as per
formed in early Hay, and at the end of the year a five counter experiaent 
was successfully carried through. This development is the sua of the 
efforts of several aeabers of the group. However, the editors of the pre
sent report want to eaphasixe the invaluable work of G. Midttun and B. 
Skaali. The data acquisition systea has, thanks to their persistent ef
forts both hardware- and softwsre-wise, reached a working status that 
aeets the present requirements of the experiaenters. At the tiae of 
writing, the nuabers of ADCs available for experiments is four; the ex
tension to 15 ADCs is now a aatter of funds («ore ADCs) and electronic 
construction work (aore ADC interfaces). 

We also acknowledge continued support froa the Norwegian Reaearch Council 
for Science and Huaanities (NAVF), without which we would probably not 
have been jble to start serious experiments yet. Further, we are grate
ful to KCRDITA for support in tens of travel grants to guest lecturers 
visiting Oslo and to aeabers of the group visiting Copenhagen. 

On the personnel side, we would also like to thank our chief engineer, 
E. A. Olsen, for his untiring and persistent efforts to keep the cyclo
tron and other equipment in operation. Finally, the group was happy to 
be able to welcome J. Rekstad as the successor of professor R. Tangen to 
the chair of experimental nuclear physics. 

E. Osnes and F. Ingebretsen 
editors 
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2. PERSONNEL 

2.1 Research Staff 

S. Bjerke (Solar energy project) 

T. Bjørnstad (Isotope project) 

T. Engeland 

I. Espe 

K. Gjétterud 

M. Guttornen (on leave) 

A. Henriquez 

T. Holtebekk 

F. Ingebretsen 

S. Hesselt 

G. Midttun 

E. Osnes (Chairaan, on leave: 

May IS - Sept. S & Dec. 3-31) 

J. ReksUd 

B. Skaali 

A. Storruste 

R. Tangen 

P. 0. Tj#« 

F. Wikne (firon Aug. 1) 

2.2 Technical staff 

F. Aulie (fro* Nov. 24) 

E. Halvorsen 

E. A. Olsen 

A.K.I. Strauasheia 

(Isotope project) 

2.3 Visiting scientists 

0. Aspelund 

2.4 Students 

As of Decenber 31, 1980, 12 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. One IAESTE sunaer student 

worked with the group in Aug./Sept. 
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3 THE CYCLOTRON 

3.1 The Scanditronix MC-35 Cyclotron 

T. Holtebekk, 8. Hesselt and E. A. Olsen 

The use of the cyclotron is based on a S-day weekly operation, with op
tional night shift and/or weekend running when required. Furthermore, 
all necessary shutdown periods for new installations, new developments 
and experimental setups are made during the day shift. The cyclotron has 
been in operation for 96 days, with a total ion source running tiae cf 
860 hours. The longest continuous run was a 72-hour nuclear physics 
experiment. 

The beam-line has mainly been used for nuclear physics experiments. In 
addition, 14 runs on experiments related to radionuclide production (to
talling 20 hours ion source running) and two experimental runs for the 
nuclear chemistry group have been made. 

The remaining time has elapsed for short routine maintenance periods, 
experimental setups, waiting periods for deactivation decay, and neces
sary test and developments of detection equipment and the data accumula
tion system. 

Unfortunately, the cyclotron has been down for one 4-week and one 6-week 
period due to long delivery time of spare parts. 

The guarantee period elapsed in August, and the highest failure frequency 
occured during that period. Most failures could bé related to design 
weaknesses, and have been repaired with the assistance of Scanditronix 
AB. Since the expiry of the guarantee period, we have had only one day 
of shutdown caused by machine failure. 

A substantial part of what can be characterized as was'.ed beam time must 
be attributed to the cumbersome procedures for experimental setups. This 
will improve considerably in 1981, when a switching magnet (manufactured 
by Scanditronix AB) will be installed. 
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The activities ia the cyclotron laboratory during 1980 are distributed as 
follows: 

Days X 
Nuclear physics experiments 82 39 
Isotope production, nuclear chemistry 14 7 
Unscheduled maintenance 22 10 
Routine maintenance 18 8 
Changes in beam transport system 10 5 
Building installations 10 5 
Experimental setup, testing of experimental equipment 54 26 

3.2 The Cyclotron Beam Transport System 

3.2.1 Modifications of the beam transport system 

S. Hesselt 

Only minor modifications have been made on the beam transport system dur
ing the last year. The slits located close to the entrance of the 90 
magnet, which are used to control the divergence of the beam, have been 
replaced with slits of a different design, which can be remotely operated 
Vertical and horisontal steering magnets have been installed close to the 
analyzing magnet exit slits, to facilitate the adjustment of the beam 
direction in the experimental hall. 

The scattering chamber and the goniometer table have been mounted, in 
tandem, in order to cut down the experimental setup time. A wall of con
crete blocks in front of the gamma-ray goniometer table has reduced 
gamma-ray background radiation to a satisfactory level. 

3.2.2 Suppression of beam pulses 

S. Messelt and 0. Trondal (graduate student) 

The cyclotron beam consists of beam pulses a few nanoseconds wide (Annual 
Report 1979, sect. 3.2.1) with a repetition frequency equal to the 
RF-frequency. In the study of isomeric states, it is often necessary to 



6 

increase the tiae leparation of beam pulses. Thiti can in principle be 
done by external or by internal beam deflection. 

Since the cyclotron does not have a complete single turn extraction, an 
internal system for the removal of n out of n+1 beam pulses does not seem 
to be feasible. However, for time intervals longer than a few micro
seconds, and beam bursts that may consist of several beam pulses, a sys
tem with internal deflectors is probably the best solution. The cyclo
tron has two ion sources, one for push-push and one for push-pull opera
tion. Particle orbitB from both sources have been studied by computer 
stimulation, and the possibility for an internal pulsing system looks 
promising. 

To study short-lived isomers, with lifetimes of the order of Che inverse 
cyclotron frequency, it is necessary to have complete suppression of, 
say, 2 out of 3 beam pulses. This, apparently, can only be done with an 
external deflector. The space available in the cyclotron hall is very 
limited, hence the deflector has to be located between the entrance slits 
and the 90° magnet. The vertical exit slits can then be used to stop the 
deflected beam pulses. The design of such a system has been initiated. 

3.2.3 Regain system for 3He gas 

T. Holtebekk, J. Wikne and E. A. Olsen 

The high cost of aHe motivated the design of a 3He regain system, i.e. a 
system that recollects the helium gas from the cyclotron tank and recir
culates it to the ion-source, whenever 3He is used for the beam. 

The system is based on passing the output from the vacuum pump through 
two filters, a carbon filter and a zeolite filter, both cooled in liquid 
nitrogen. The pure helium emerging from these filters will then be 
passed back to the ion-source, or pumped into a storage tank at the end 
of the 3He-run. 

In addition to the filters and the extra pump, the system consists of a 
couple of temperature sensors, five vacuum sensors and fifteen magnetic 



7 

valves. A specially developed electronic control systea Bakes the oper

ation of this rather coaplex asseably of valves and sensors fully auto-

aatic, including autoaatic action to error conditions. A display panel 

on tha cyclotron control desk indicates the systea status. 

The regain systea works as follows: After being evacuated by aeans of 

the roughing pump, the valves 3V1, 3V3, 3V4, 3V5, 3V6 and 2V8 are acti

vated. The gas runs froa the flask to the ion source and into the cyclo

tron tank, from where it is extracted by the diffusion puap. It is then 

passed through the filters, and when the pressure of essentially pure 

helium at VF3 is sufficiently high, the valve 2V7 aay be opened to re

circulate the gas. Upon coapletion of the 3He-run, the gas enclosed in 

the system may be saved by activating 2 W , 2V5, 2V6'and K-puap; the lat

ter will pump the helium into the reservoir. When not in use, the output 

of the F.V.-pump is passed into free air through 3V1 and 3V2. 

3 ^ REGAIN SYSTEM 
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Fig. 3.1 The 3He Regain System. 
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4. COMPUTERS AND DATA COLLECTION SYSTEM 

4.1 Hardware for Pit» Collection at the Cyclotron Laboratory 

G. Midttun, F. Ingebretsen, B. Skaali 

The computer system is now in an operational status and has proved its 
qualities in several experiments. 

There has been a continuous upgrading of both hardware and software on 
the system. The present configuration of the computer is basically the 
same as described in last year's annual report, but the memory is in
creased to 128 K words. This has improved considerably the execution 
time of programs in time-sharing mode. In particular, the on- and off
line sorting of multiparameter events has reached an acceptable capacity 
so far. An additional 32 K of memory and a second magnetic tape unit (9 
tracks, 800/1600 BPI) is in order. 

A CAMAC-based graphic display system is implemented in the system. The 
display (purchased from CERN) is called DICO, and is controlled by a PACE 
microprocessor in CAMAC module. Our own developed display system is not 
yet finished, but most of the software and hardware is in a running 
status. 

The ADC scanner1 for multiparameter event aquisition has been thoroughly 
tested and used in several experiments. At present, 5 ADCs can be used 
in single and/or coincidence setups. 

4.1.1 A flexible CAMAC ADC interface for nuclear physics experiments 

G. Midttun, F. Ingebretsen, B. Skaali 

The CAMAC-based analogy to digital (ADC) interface module is designed to 
interface different types of ADCs and to take part in different data re
cording configurations in nuclear physics experiments. 

G. Midttun, F. Ingebretsen and B. Skaali: A 15-fold ADC Scanner for 
Nuclear Physics Experiments. Preliminary report. 
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The module providei the necessary hardware to cosavinicate through four 
independent transfer channels, each with its own characteristics and use. 
The implemented channels are: 

A) An interrupt controlled channel (PIO) 
B) A direct memory access channel (DMA) 
C) An autonoaous CAHAC function control channel (AFC) 
D) A reaote controlled channel (RCC) 

Channels A, B and C are intended for single event transfer, whereas chan
nel D is designed to be supervised by a CAHAC-based AOC scanner for 
multiparameter events. Channels A and B are direct links to the NORD-
10/100 computer. 

Channel C can be used to transfer the ADC data from the interface module 
to other CAHAC nodules in the same crate without using resources in the 
computer. 

To operate the module there are several registers that control the dif
ferent channels. The control register enables/disables the different 
options in the module. The DMA channel has a 16-bits memory address 
counter register and a 12-bits word count register. The AFC channel has 
a NAF register initialized, with the necessary NAF commands for the CAMAC 
module receiving the ADC data. 

Channel D operates by transfering the ADC data ready flag to the connected 
ADC scanner (or microprocessor) that in turn reads the ADC. 

To match the signal standard of different ADCs with the standard of the 
module, microswitcb.es are provided that control the polarity of the dif
ferent signals. 

The module also provides two program selectable arithmetic operations on 
the ADC data. There is a digital bias register that can be added to the 
ADC data and a pu>srheight test circuitry that skips a transfer on either 
channel if the predetermined liaiit is exceeded. The ADC is automatically 
cleared on this condition. 

http://microswitcb.es
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This option is very useful if • CAKAC "add-one" aeaory unit ic «bared by 
several interfaces. The digital bias can serve as a page pointer, whereas 
the test circuitry ensures that the ADC data are sorted inside the chosen 
page size. 

In our systea we use the DMA channel for single event acquisition and the 
RCC channel for multi-parameter experiments controlled by our H-10 ADC 
scanner. 

The AFC channel we intend to use with those other devices: an add-one 
memory (4.1.2), the display systea, and a stabilizer system (4.1.3). 

The add-one aeaory will be used in simultaneous single/aulti-paraaeter 
acquisitions. The display systea will be used to get "live" displays of 
the spectra. 

4.1.2 A multifunction 64 K CAHAC aeaory module 

G. Midttun 

The memory module contains two aeaory banks of 32 K x 16 bits, each of 
which can be configurated in single precision (64 K x 16 bits) or double 
precision (32 K x 32 bits). 

The module has full direct memory access to the N-10 coaputer and full 
standard CAHAC operations. The memory can be addressed in normal se
quential mode or preform add-one cycles on addressed locations, both on 
the CAMAC side and the DMA side. 

The address input to the memory is either from an increment/decrement ad
dress register or a data input as in add-one cycles. 

The module is operated through a control register that disables/enables 
the different options of the module. 
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4.1.3 A aicroprocessor-based stabilizer systea for nuclear data 
spectroaeters 

G. Midttun, F. Ingebretsen and L. Bukkeli (graduate student) 

The stabilizer systea is built froa a aicroprocessor systea for HOSTEK, 
the HDX series, based on the Z-80 microprocessor. 

Communication with the processor is via a CAHAC link. The purpose is to 
stabilize shifts in the baseline and gain of radiation spectroaeter sys
tems. The systea is tiae-shared to stabilize 4 spectroaeters siaultan-
eously. The systea is also intended to give automatic gain adjust to a 
chosen reference peak for all spectroaeters. Other applications of the 
processor vill be to control and detect particles froa particle tele
scopes . 

4.2 Software for Data Collection 

4.2.1 Data acquisition prograas for the cyclotron laboratory 

B. Skaali 

Two computer program systems have been developed for single- and multi
parameter data acquisition. The programs are written in the interactive 
language NODAL. The data acquisition task is handled by a seperate pro
gram package that has been added to the operating system SIHTRAN III. 

The first program, ALICE, is used for acquisition and data reduction of 
single (one-dimensional) nuclear spectra. The second program, SHIVA, is 
used for multi-parameter experiments. The program can accumulate data 
from up to 15 correlated ADCs and write the data onto magnetic tape with 
concurrent sorting. The program can also be used in playback mode.1 

The sorting task is implemented by means of programs generated by the 
TONE compiler, see sect. 4.2.3. 
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4.2.2 Software development for the Nuclear Cheaistry Group 

B. Skaali 

The ALICE data acquisition prograa bas also been installed oo tbe new • 
NORD-100 coaputer at the Nuclear Cheaistry Laboratory. 

4.2.3 TONE - the tape sorting algorithm coapiler 

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

The tape scanning algorithm coapiler, described previously in the 1979 
Annual Report, has been thoroughly debugged and tested. Some new fea
tures for efficient handling of variable length events has been imple
mented. The sorting algorithas, in the fora of relocatable binary files, 
can be loaded directly into the on/off-line data acquisition program 
SHIVA (see sect. 4.2.1), and standard files for two and three parameter 
event acquisition have been generated for easy routine use. 

4.3 Other Computer Applications 

4.3.1 Auto- and cross-correlation analysis of reflected acoustical 
sound 

P. H. Flatmoe (graduate student, acoustics), G. Midttun, and 
B. Skaali 

A program for syncronized sampling of two acoustical signals from pre
recorded analogue tape is developed. The sampling rate upper limit is 
around 50 kHz, and data are stored on disc. The data input goes through 
the same ADC-interface and CAMAC system that is used for nuclear physics 
experiments (sect. 4.1.). 

A FORTRAN program for the correlation analysis of the sampled data is 
written. The program uses the DICO display system, and the analysis can 
be carried out interactively. Furthermore, an image of the displayed 
pictures can be plotted on the calcoup plotter. 



13 

Thi» aethod of aeaaureaent/analysia la currently In development in acous
tical applicatioaa, and aeeaw to find a broad ranee of application! with
in thii field. 
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S. NUCLEAR INSTRUMENTATION AT THE CYCLOTRON LABORATORY 

5.1 Laboratory Equipment 

S. Meiselt 

Host of the experiments in the experimental hall have been using the 
scattering charter with particle detectors, or the gonioaeter table with 
gamma-ray and particle detectors. The <-'baaber and the table have been 
placed in tandea, with the chaaber upstream. When the chamber is used, 
part of the connecting beaa tube has been replaced with a Faraday cup. 
When the gonioaeter is used, the spertures in the colliaating systea in 
the scattering chaaber have been increased to allow for a displaceaent of 
the beaa focus. 

A switching nagnet ordered froa Scanditronix will be installed this 
spring, and the gonioaeter table, the scattering chaaber and the elctron 
spectronoaeter will be mounted on separate beam lines. 

During the year, some urgently needed detectors, amplifiers, discrimina
tors, etc. were purchased. This has given the whole laboratory an up
grading in experiaental equipment. Four more particle detectors have 
been purchased. A second 20%, 1.8 keV (Cobalt-60) resolution Ge(Li) 
detector from Canberra was delivered in March, and both detectors have 
been extensively used in singles and coincidence experiments. 

A second 8k Canberra ADC which we had on loan, in addition to the one 
bought in 1979, was the source of some problems and was finally returned. 
At present, we have one 8k Canberra ADC (model 8080), one 8k Laben (model 
8210), one 8k Silena (model 7420/G) and one old 4k Laben (model CR60) 
available for experiments. In a few weeks these will be supplemented with 
another 8k Silena (model 7420/6). 

A 3He recirculating unit is now almost ready for testing (see sect. 
3.2.3). 

The development of the electron spectrometer (sect. 5.2.1) has been 
somewhat delayed due to detector failure, but will hopefully be ready for 
testing when the switching magnet has been mounted. 
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K. Tangen has worked on the production of thin targets, and hat produced 
nice thin targets of different material» for cyclotron experiments. The 
use of hydrocarbon lexan for target backing has been investigated, with 
proaising results. This aaterial can be produced and handled in thick
nesses down to 1 fig/cm2. In soae cases it can therefore be used as a 
reinforcement for brittle self-supporting targets. 

5.2 Apparatus Development 

5.2.1 Calibration of miniorange p-spectroneter 

A. Henrique», T. Holtebekk and J. Rekstad 

The niniorangr 6-spectrometer of the Van Klinken type1 has been cali
brated with l s 2 E u and 2 0 7 B i . 

Breakdown of the Si(Li) detector, now under repair, has impeded in-beam 
measurements. 

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

Several experiment! were initiated at the cyclotron this year. The var
ious research projects are described in some detail below, but as a gen
eral conclusion one can say that the cyclotron has proven to be a very 
useful instruvant for nuclear structure research. New experimental tech
niques have been developed in the laboratory, and some of the results ob
tained are very interesting. 

Unfortunately, the insufficient instrumentation in the laboratory this 
year has limited the experimental activity to a large extent; in partic
ular we have strongly felt the need for more electronic equipment. How
ever, a grant from NAVF for 1981 will improve this situation considerably. 

The close collaboration with other nuclear physics groups has continued 
also in 1960, and many physicists, in particular from Bergen but also 
from other Scandinavian countries, have frequently visited the laboratory 
and taken part in the experiments. 

Also this year members of the group have participated in projects at 
foreign laboratories, both inside and outside Scandinavia. This broad 
international contact is stimulating and of the greatest importance for 
the work in the cyclotron laboratory. 

The following reports are listed in increasing nuclear mass number. 

6.1 Nuclear Physics Experiments 

6.1.1 The reaction 2 4Mg(a,p) 2 7Al 

S. Messelt, H. P. Fosse,* T. F. Thorsteinsen* and K. Nyb#* 

In order to investigate the three-particle transfer to relatively light 
nuclei, we have previously studied the 2 4Mg(a,p) 2 7Al reaction at 27 MeV 
bombarding energy in Risf* using the tandem accelerator and the multigap 

* Institute of Physics, University of Bergen, Norway. 
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speetroaeter at the Nielt Bohr Institute. Ai soae of the angular distri
butions froa this experiaent have a shape inconsistent with direct one* 
step transfer, we decided to repeat the experiment with higher boabarding 
energy in order to see whether the coapound reaction aechanisa plays a 
role. Angular distributions for the reaction 24Mg(or,p)27Al have been 
obtained at boabcrding energies E = 30 MeV and £ = 35 HeV. 

The target was natural Mg of approx. 500 \i%lcw? thickness on thin (~5 
ug/ca2) Lexan backing. For detection of the protons we used a detector 
telescope consisting of three Si-detectors. The detectors were were 1 
ran, 2 ma and 3 aa thick. Since the alpha-particles were stopped in the 1 
ran front detector, we used the signal froa the aiddle (2 aa) detector to 
gate the ADC-unit in order to record protons only, the (a,t)- and (o,d)-
reactions have large negative Q-values, -17.5 and -12.4 HeV, compared to 
-1.6 HeV for the (a.p)-reaction, and were not observed in the spectra. 

With this simple technique we were able to detect protons from the 2 4Hg 
(a,p)27Al-reaction which correspond to energy levels in 2 7A1 from the 
ground state and up to approx. 12 MeV excitation energy. The resolution 
was 125 keV FWHM. A 1 mo Si-detector monitored the scattered alpha-
particles at 6 = 45 . 

Proton spectra were recorded from 6 = 15 to 8 = 105 . Fig- 6.1 shows 
the angular distributions of the I = 3/2 ground state, the I = 1/2 , 
844 keV level and the (2981 + 3004) keV levels in 2 7A1. Fig. 6.2 shows 
the proton spectrum from the Mg(a,p) Al-reaction at 6 = 30 and 
E a = 33 MeV. 
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Fig. 6.1 Observed angular distributions for the three lowest 
levels in 2 7A1, populated by the (a.p)-reaction. 
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6.1.2 Search for anti-aligned states in the A - 75 region. 

J. Rekstad, F. Ingebretsen, G. L#vh#iden,* J. R. Lien,* E. Berg*, 
E. Hannaren,** H. Jasfcilainen** and E. Liukkonen** 

Nuclei in the «ass region A ~ 75 constitute a deformed region on the nu
clear chart, and the structure of these nuclei pose both interesting 
problems and possibilities. 

Firstly, the particle-rotor model gives a poorer description of measured 
level structures than observed for nuclei in the mass regions A=150-190 
and A > 225. Such difficulties are possibly caused by shape-instabilities 
in lighter nuclei; also calculations of potential surfaces predict shape 
changes in the middle of the A ~ 75 region. 

Secondly, nuclei in the mass 75 region are suitable for the study of 
"non-pairing" two-particle interactions. It is expected that particle 
spin dependent two-particle interactions (rooted in the recoil-term in 
the Hamilton-operator) give effects in addition to the two-particle 
interactions absorbed in the BCS-approximation. The matrix elements of 
the "non-pairing" two-particle interactions (inversely proportional to 
the moment of inertia) are large in lighter nuclei with small masses and 
consequently small values for the moment of inertia. 

Finally, the study of mass 76 nuclei gives a possibility to locate "anti-
aligned" states with particle spin coupled anti-parallel with the nuclear 
rotation. States associated with the g„,„ shell are well suited for such 
studies. 

Experiments have been performed on the 7 3As nucleus. Gamma-gamma coinci
dences and conversion electrons were measured from the 7 3Ge(p,n) 7 3 As 
process induced with 9 MeV protons from the JyvSskyla cyclotron. Angular 
distributions and excitation functions for 7 3As were obtained with the 
University of Oslo cyclotron. The analysis of the obtained data is now 
in its final stage. 

* Institute of Physics, University of Bergen 
** Institute of Physics, University of JyvaskylS 
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In Figs. 6.3, 6.4 and 6.5 are shown • singles gasata spectrua, and exam

ple* of typical angular distributions and excitation functions respec
tively. The present experiaents establish new levels in 7 SAs and assign 
spin values to several previously known energy levels. In addition to 
the iwmbers of the g... decoupled band it appears that several levels 
with positive parity and moderate spin values (~ 9/2) have been located 
at excitation energies below 2.5 MeV. 

6.1.3 Band structure in 8 0Sr 

S. E. Arnell*, E. Wallander*. P. E. Ekstr*m**, A. Nilsson***, 
F. Ingeoretsen and J. Reiestad 

The 7 8Kr(a,2n) 8 0Sr reaction has been used to study band structure in the 
8 0Sr nucleus. The gas-target equipment has been developed in Gothenberg 
and is described elsewhere.1 

We used or-beaas with energies f roa 26 to 32 MeV to record the or-yield 
functions, whereas Of-a coincidences and or-angular distribution were mea
sured at 32 MeV. 

Gamma-lines in coincidence with the 2 •» 0 transition are shown in Fig. 
6.6 The 8 0Sr nucleus shows rotational patterns, also indicated by the 
low energy of 385.8 kev of the first transition in the ground band. This 
band is populated up to spin 14 . 

A tentative level scheme is shown in Fig. 6.7. The analysis is not com
pleted, but several bands are located. Presently no spin-assignments can 
be given for the side bands. 

1 S. E. Arnell, A. Nilsson and 0. Stankiewicz, Hucl.Phys. 
A241 (1975) 109. 

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

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

*** Research Institute for Physics (AFI), Stockholm, Sweden. 
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Fig. 6.6. a-spectruta in coincidence with the 2 •* 0 transition in 8 0Sr. 
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Fig. 6.7. A tentative level scheae for 8 0Sr. 
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6.1.4 High-spin particle states in A ~ 150 nuclei studied with the 
(a,*H«) reaction 

G. I*vh#iden,* J. R. Lies,* J. C. Vaddiojton,** J. Rek»tad, I. 
Espe, C. Gaarde,*** J. 3. Laraen*** and 8. van der Werf.**** 

The (cr,3He) reaction has an unpleasant Q-value ranging fro» -12 to -16 
MeV, and has therefore not been used as a spectroscopic tool. However, 
this reaction is very useful in studying high-spin particle states. 

He have used a 40 Hev a-beaa fro» the KVI cyclotron in Gronningen to 
study the reactions 1 4*Sm(n, 3He) 1 4 SSm and 1 S 0Sm(a, 3He) 1 5 lSm. The reac
tion products -were aoaentua analyzed in a QMG/2 aagnetic spectrograph 
equipped with an electronic detection system. 

In the first reaction we populate large-j states in the spherical 1 4 5 S m 
nucleus, which is well known froa previous investigations.1 This is used 
to test how well the DHBA procedure works for the (a,3He) reaction. Fig. 
6.8 shows fits to the experimental angular distribution for some promi
nent particle groups in the spectrum. Three different parameter sets 
were found which gave reasonable fits to the experimental data. The 
present work revealed that in order to determine absolute spectroscopic 
factors, one has to be very careful with the normalization paraaeter in 
the DWBA procedure. This normalization was found to vary with the opti
cal model parameters and even with the £-values. 

The 1 5 0 S m (a, 3He) 1 5 1Sm reaction was used to find high-lying 13/2 states 
in the transitional 1 5 1 S m nucleus. Information about such states is of 
great importance in order to choose between different model interpreta
tions. A typical spectrum is shown in Fig. 6.9. 

1 W. Booth, S. Wilson and S. S. Ipson, Nucl.Phys. A229 (1974) 61 and 
Nucl.Phys. A238 (1975) 301. 

* Institute of Physics, University of Bergen, Norway. 
** HcHaster university, Hamilton, Ontario, Canada. 
*** The Niels Bohr Institute, University of Copenhagen, Denmark. 
**** KVI, Rijksuniversiteit Groningen, The Netherlands. 
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The levels at 148, 867 and 1480 keV are all populated in i = 6 transfer, 
and are assigned 13/2 . Both the energies and the deduced spectroscopic 
factors fit reasonably well with a particle-rotor description. 

: E*«0 1*3 Ex»1.103 MtV l«6 

713 MeV 1 .6 

Fig. 6.8. Experimental and fitted DWBA angular distributions for some 
prominent peaks, obtained in the 1 4 4Sm(tf, 3He) 1 4 SSm reaction. 
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6.1.5 A study of the t*°Sa(a,n) and (a,2n) reactions at 19 HeV boebard-

ing energy. 

R. Øyan, J. Rekstad, A. Henriquez and M. Guttormsen* 

The (or.n) and (tt,2n) reactions with projectile energies close to the 

Couloab barrier have been used in several investigations of A £ 150 nuc

lei to study low-spin states and band structures which are weakly popu

lated in the HI-induced reactions. 1~a In the present report we consider 

the coapetition between these two reactions .when 1 5 0 S a is boabarded with 

19 HeV alpha particles. 

The experiments were done at the Niels Bohr Institute Tandea accelerator, 

where we used a setup consisting of 4 Ge(Li) and 3 Nal detectors. We 

measured very accurately the gassa transitions to establish band struc

tures in the l s 2Gd and l s 3Gd nuclei (see subsect. 6.1.6). 

Fig. 6.10 shows the observed y-lines in 1 5 2Gd and 1 S 3Gd plotted in an 

energy versus spin diagraa. Due to the energy liaitation from the Q-

value of the (d,2n) reaction, we know that the populated levels in 1 5 2Gd 

are actually the entry states in this reaction. The nucleus is fed di

rectly into these states after the evaporation of neutrons. Then it is 

possible fron the gaana intensities to establish the population distri

bution as given in Fig. 6.11 for the (a,2a) reaction. 

A similar analysis has been carried out also for the odd nucleus 1 5 3Gd. 

Here we observe a population distribution with the opposite skewness. The 

two distributions given in Fig. 6.11 add up to a total population which 

fits nicely with an optical model calculation. 

1 J. Rekstad, H. Guttormsen, T. Engeland, G. Lfvhøiden, 0. Straume, 
J. R. Lien and C. E. EUegaard, Nucl.Phys. A230 (1979) 239. 

2 H. Guttormsen, J. Rekstad and L. L. Riedinger, Phys. Scripts 22 
(1980) 210. 

3 P. Bøe, R. Øyan, M. Guttormsen, J. Rekstad and G. L*vh#iden, to be 
published. 

* Present address: Institute fttr Strahlen- und Kernphysik, Univer-
sitat, Bonn, West Geraany. 
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Fig. 6.12 shows the ceapound nucleus and the two daughter nuclei in a 
correct relative energy scale. It is surprising that so such of the tot
al cross section goes into the 2n channel, since the level density in 
1 M G d is so low in the energy region which is available. The data on 
X M G d indicate that the entry-line also in this case is fsirly low, and 
corresponds to rather high-energetic neutrons coapared to usual evapora
tion energies. The multiplicities for the gaaaa rays in l l s G d are saall, 
in general saaller than for I M G d transitions. 
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Fig. 6.10. Decay icheae for 1 6 2 G u (upper part) and l s a G d .lower part) 
as observed in the l S 0S«(a,2n> and 1 5 0S«(o,«) reactions with 
19 HeV a-beaa. 
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Fig. 6.11. Spin distribution of t3be*crbai sections for the (a,n) 
and (a,2a) reactions. 
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Fig. 6.12. The compound nucleus 1 S 4 G d and the two daughter nuclei 
1 S 3 G d and 1 S 8 6 d drawn in a correct relative energy scale. 
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6.1.6 Level atructure of 1 5 SGd 

P. B#e, H. Guttormsen, J. Rekn tad, A. Henriquez and G. L#vh#iden 

Recent studies1'2 of the N = 89 1 6 1 S m nucleus have shown that «ore so

phisticated versions of the particle-rotor model can account for the pre

vious shortcomings of this «odel for transitional nuclei. As data on 

other N = 89 isotones is scarce, we have investigated the low and inter

mediate states in 1 S 3Sm (a.ny) reaction. The experiments were performed 

with 17 and 19 MeV a-beatns from the FN tandem accelerator at the Niels 

Bohr Institute. The y-radiation coincidence data were accumulated with 

an array of four Ge(Li) and three Nal counters. The coincidence events 

were recorded on tape for folds £ 2. 

The decay scheme of 1 5 3Gd is shown in Fig. 6.13, where the levels have 

been sorted in a band-pattern according to an interpretation in terms of 

the particle-rotor model. 19 new levels have been suggested as a result 

of the present experiment. 

Two of these states (15/2 and 19/2 ) belong to the unfavoured branch of 

the decoupled i-i,/* band structure. Figure 6.14 shows our calculations 

for this decoupled band, where the parameters are the most natural ones 

for this nucleus. 

In l s lSm a partly decoupled h.,, band has been identified.1 A similar 

band structure has been formed in the present work, as shown in Fig. 

6.15. 

Two new levels with spin 9/2" and 13/2 are suggested to constitute the 

f 7 / 2 band, together with the already known 5/2" and 7/2". 

The strong similarity between the experimental spectra for various N=89 

isotones shows that the transitional nuclei can be understood in terms of 

a model where the deduced properties vary in a smooth way with the number 

of particles outside the core. 

1 J. Rekstad, E. Osnes and G. L#vh#iden, Phys.tett. 62B (1976) 15. 

2 M. Guttormsen, E. Osnes, J. Rekstad, G. Løvhøiden and 0. Straume, 
Nucl.Phys. A298 (1978) 122. 
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Calculations with the particle rotor awdel with exact treatawnt of pair

ing 3' 4 and recoil are in progress. 
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Fig. 6.13. Decay scheme of ""Gd. 

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

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



37 

5/2 9/2 13/2 17/2 21/2 25/2 29/2 
SPIN 

Fig. 6.14. The i 1 3 / 2 decoupled baulatnicj^re of l s a S d . Calculated ener
gies are denoted-with a c i r c l e , experimental ones with a c ross . 
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6.1.7 Gaaaa multiplicity of the decay of highly excited low spin states 
in >«Gd 

J. Rekstad, F. Ingebretsen, S. Meiselt, G. Midttun, B. Skaali, 
T. F. Thorsteinsen,* G. L#vh#iden,* snd J. R. Lien* 

In single-nucleon transfer reactions one also populates nuclear levels 
with high excitation energies. However, the density of levels increases 
with excitation energy, resulting in a continuum spectrum above an energy 
corresponding to approximately 2A, where A is the pairing gap parameter. 
This part of the particle spectra has therefore usually not been given 
much attention. 

The setup described in subsect. 6.1.8 was used in a study of ^transitions 
originating from highly excited levels populated in the l s 6Gd(d,p) 1 S 7Gd 
reaction (E. = 12 MeV). In this reaction one populates only a fraction 
of the total amount of states occuring at the various excitation ener
gies. The reaction itself works as a spin-filter with a substantial 
enhancement of states with low spins (equal or less than 7/2). 

It turns out to be interesting to compare the singles proton spectrum 
with the proton spectrum taken in coincidence with y-radiation. The in
tensity of the first spectrum is proportional to the proton yield only, 
while the latter one is also proportional to the probability of observing 
a y-ray from the decay of the level populated. Thus the ratio between 
the intensities in the two proton spectra depends on the number of y-rays 
in the cascade (corrected for efficiency of the y-spectrometer). This 
method makes it possible to measure directly the number of y-rays in the 
cascade as a function of the excitation energy. 

Fig. 6.16 shows the ratio between the coincidence and singles proton 
rates versus excitation energy. We would stress that this is a qualita
tive result only, since we used Ge(Li) detectors with an energy dependent 
efficiency. It is, however, clear that the y-multiplicity as a function 
of excitation energy increases from 0 to about 2 MeV; between 2 and 4 MeV 
the multiplicity is approximately constant. A new increase in multiplicity 
is seen between 4 and 5 MeV. 

Institute of Physics, University of Bergen, Norway. 
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A similar curve it drawn for the proton» in coincidence with low energy 
gammas (less than 0.5 MeV). There is one such gaiau per proton up to 
about 4 MeV of excitation, whereupon the nuaber of low energy gammas also 
increases. 

These results can be understood from the level density in the continuum. 
Even though we populate states in the (d,p) reaction according to the 
distribution of single-particle strength, these single-particle states 
are believed to be strongly nixed with aany-quasiparticle states. The 
decay pattern could therefore be compared with the statistical decay from 
an entry-state to the YRAST line. The sudden increases in the multiplic
ity occur at approximately 2A and 4A. It seems therefore reasonable to 
relate these increases to the sudden increases in level density due to 
the breaking of new pairs. 

"Y-«ltipUclt>" vtrtui «citation uarKT 

ncmiioa unci out) 

Fig. 6.16. The ratio between coincidence and singles proton rates drawn 
as a function of the excitation energy. The full-drawn curve corresponds 
to all ̂ -energies, while the dotted line correspo-ds to protons in coin
cidence with low-energetic ^transitions (E < 0.5 MeV). 
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6.1.8 Gamma-rays from low-spin states populated in transfer reactions 

J. Rekttad, F. Ingebretsen, S. Messelt, G. Midttun, B. Skaali, 
R. Haugland (graduate student), T. F. Thoriteinsen,* G. L#vh#iaen,* 
and J. K. Lien* 

Except for light nuclei, little is known about the decay properties of 
those states that are strongly populated in single-nucleon transfer reac
tions. Due to the selectivity in the reaction itself, and since both the 
energy location and the spin is determined in the transfer experiment, 
information about the y-decay of such states is of great significance for 
a further investigation and classification of nuclear structure. 

To measure y-rays i n coincidence with particles from a transfer reaction 
is not simple for heavy nuclei. The cross-section of the transfer chan
nels are low compared to the dominating compound nuclear formation. Thus 
a small fraction only of the total gamma yield originates from the daught
er nuclei in the transfer process. In order to avoid pile-up in the y-
spectrometer, the particle-y coincidence rates have to be very low. 

In order to overcome this counting rate problem, a many-counter setup has 
been made, consisting of 4 particle counters placed in the most suitable 
angle for the outgoing particles, and 2 Ge(Li) detectors. Target chamber 
with the detector arrangement is shown in fig. 6.17. 

To obtain a large solid angle and reasonable counting rate, the 4 parti
cle detectors were placed as close as possible to the target. Due to the 
kjiematic shifts, the energy resolution in the particle spectrum becomes 
poor, partly also from energy straggling in the absorbers placed in front 
of the detectors with the aim of stopping elastically scattered parti
cles. Thus it is necessary to compare the y-energies with high-resolu
tion particle spectra obtained in magnetic spectrographs in order to es
tablish the connection between the observed y-rays and the populated 
levels. 

* Institute of Physics, University, of Bergen, Horway, 



The setup is especially designed for the (d,p) stripping and the (aHe,a) 
pick-up reactions. Both these reaction* have favourable Q-values, so 
that scattered beaa particle* can be stopped in absorbers while we still 
observe particles fro» the transfer reactions corresponding to several 
HeV excitation energy. 

So far only preliminary results are available. Fig. 6.18 shows a y-
spectrua in coincidence with protons fron the x 5 8Gd(d,p) 1 S 7Gd reaction. 
The deuteron energy was 12 HeV and the proton gate corresponds to exci
tation energies between 0.5 and 1.5 HeV. The spectrum is fron a 4-hour 
accumulation with a total coincidence counting rate of 15 events/sec. The 
dominating line in the spectrua at 700 keV is hardly observable in the 
singles y-spectrum. It corresponds to the transition to the ground state 
fron the 1/2" state reported at 704 keV (ref.1 ). The (d,p) cross section 
for this level is 359 \ib/sr (at 60 ), and it is the strongest populated 
level in this energy range.1 

These test experiments have revealed that the technique works well and 
represents a useful tool for detailed investigation of y-decay from 
low-spin states populated in the transfer reactions. 

1 P. 0. Tj«* and B. Elbek, Dan.Vid.Selsk.Mat.-Fys.Medd. 36 no. 8 (1967). 
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Fig. 6.17. The target chamber used in the particle-gama coincidence 
experiments. 

Fig. 6.18. Ganaa transitions in 1 S 7 G d in coincidence with protons. The 
gate covers the range in excitation energy froa O.S to 1.5 
MeV. 
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6.1.9 A study of 1 8 S G d and 1 8 7 H o 

J. D. Garrett,* M. Guttorwen,** G. B. Hagemann,* B. Herskind,* 
F. Ingebretsen, J. Kownacki,*** G. L#vh#iden, J. Rekstad, T. F. 
Thorsteinaen,**** and P. 0. Tj#B 

In-beani gamma-ray spectroscopy experiments have been performed on 1 5 s G d 
and 1 S 7 H o using the 1 3 C + l 4 6 H d reaction at 66 MeV and 1 S B + " 6 H d reac-, 
tion at 76 MeV, respectively. The experiments were performed with the 
Niels Bohr Institute Tandem Accelerator. Multiple gamma coincidence data 
were accumulated with 5 anticonpton shielded Ge(Li) detectors. The 
experiments were designed to populate high-spin states. Experiments are 
planned at the Oslo Cyclotron, to study the low-spin states. 

The analysis of the experimental data is in progress, and the results 
will be compared with cranked shell-model calculations. 

* The Niels Bohr Institute, University of Copenhagen, Denmark. 
** Present address: Institute fur Strahlen- und Kernphysik, 

Universitet Bonn, BRD. 
*** Institute of Nuclear Research, Swierk/Warsaw. 
**** Institute of Physics, University of Bergen, Norway. 
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7. THEORETICAL NUCLEAR PHYSICS 

The a in 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 per
turbation 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, T. Engeland, T.T.S. Kuo* and P. J. Ellis** 

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

Our results in this field have been published in several papers during 
the last few years. During the past year 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 recoup-
lings. 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 perturbation 
expansion of effective operators in finite nuclei, and also reduce the 
probability of making errors. An extensive description of the method is 
under publication.1 

The convergence of the perturbation expansion of the effective interac
tion in nuclei is still an unsettled question, and it is therefore useful 
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to teat the convergence in models in which the effective interaction can 
be calculated exactly. Such «odels are afforded by matrix diagonaliza-
tions 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.2 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. 

The Btrong 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 contri
butions to effective operators in nuclei very difficult and have served 
to cast doubt upon the results obtained.3 However, the recently designed 
Paris and Bonn-Jiilich potentials 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 effective 
two-nucleon potentials. 

1 T.T.S. Kuo, J. Shurpin, K. C. Tam, E. Osnes an<l P. J. Ellis, 
Ann.Phys. (in press). 

2 P. J. Ellis, Phys.Lett. B56 (1975) 232. 
3 J. Vary, P. U. Sauer and C. W. Wong, Phys.Rev. C7 (1973) 1776. 

* Department of Physics, State University of New York, Stony Brook. 

** School of Physics and Astronomy, University of Minnesota, Minneapolis. 

7.2 Collective models 

7.2.1 An alternative formulation of the particle-rotor model 

T. Engeland 

The particle-rotor model has been used extensively1'2 to analyze energy 
spectra and spectroscopic data in odd-A deformed nuclei. However, in 
many cases it has been necessary to attenuate.the strength of the Corio-
lis coupling2 in order to obtain a reasonable agreement with experiment. 
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In the present work we suggest sone modification in the standard formu
lation of the particle-rotor model. These improvements have - at least 
in some cases analyzed to date - shown that no attenuation of the Corio-
lis coupling is needed. The basis for the particle-rotor model is given 
through the Hamiltonian 

H = H „ + H. . + H , (1) 
rot int c' v ' 

separated into a rotational part H t, an intrinsic part H. „ and the 
rot r int 

Coriolis coupling term H . In more detail, the different terms have the form 

"rot = A C f 2 - I § ) , 

Hint = \ + H P + \< 

«P = -G 2 a* a +- a-, a v, 
V,V*>0 

H,, = A(3 2 - J§). (2) 

Here Vu, is an axially deformed Nilsson Hamiltonian as described in detail 
in ref.3 and A = B 2/2l with I as the moment of inertia and G the strength 
of the paring force. 

This formulation is the same as given in ref.3 We stress that the recoil 
term L is a two-body operator through our interpretation of J. Thus the 
physical picture behind our formulation of the particle-rotor model is a 
core plus a set of valence particles moving in a deformed single-particle 
field and interacting through a pairing force. 

The energy spectrum of the Hamiltonian (1) is obtained through the basis 
wave functions 

I+fl 
I)I (kAfl) = / ̂ i i {D^j |kAfi>+(-) D^j | kAfl> } (3) 

with the same notation as in r e f . 3 . Of pa r t i cu l a r importance for our 
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discussion is the intrinsic wave function |kAft>, defined as eigenfunc-
tions of H. „, int' 

H i n t , k A f l > = (% + Hp + Hg) | kMl> 

= e « o l«0>- W 

A standard solution3 to this problem is to treat the pairing tern through 
a BCS approximation and if necessary diagonalize the recoil tern within a 
one-quasiparticle basis. Extension of the basis to include three-quasi-
particle states have been tried4 with only ninor changes in the final 
result. This approach will be referred to as the BCS-method. Using this 
method, it has been found necessary to attenuate the strength of the 
Coriolis term H in the final diagonalization of H in eq. (1). 

An alternative approach to the solution of eq. (4) is the following: We 
choose the intrinsic states as 

i k M i > = a I o z c £ i <$*»>> < 5 ) 

where 

or 

* n - = n a* a± |0>. (6) 

Thus the intrinsic state is given as an odd particle a,~ in a Nilsson 
orbit Ml and a linear combinations of H tine-reversed pairs distributed 
in all possible ways over a limited set of Nilsson single-particle or
bits. The symbol {a} characterizes the distribution of the n pairs. The 
solution to the intrinsic problem is discussed in two earlier papers 5, 
and we showed that under specific circumstances solutions were obtained 
which clearly differed from the BCS-solution. This indicated an extra 
attenuation of the Coriolis matrix elements without reducing its strength. 

We have extended this project and included the rotation part. Thus the 
final energy spectrum of H in eq. (1) can be obtained. Several cases 
have been analyzed and two are discussed in separate contributions in 
this annual report, sec. 7.2.2 and 7.2.3. 
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The general result is that we obtain the same agreement with the experi
mental spectra as with the BCS-aethod, but without using an attenuation 
factor for the Coriolis tera. Spectroscopic factors have not yet been 
analyzed. 

W. Ogle, S. Wahlborn, R. Piepenbring and 
S. Fredriksson, Rev.Mod.Phys. 43 (1971) 424. 

A. Bohr and B. Hottelson, Nuclear Structure, vol. 2, 
Benjamin, Reading, 1975. 

E. Osnes, J. Rekstad and 0. K. Gj«ltterud, Nucl.Phys. A253 (1975) 45. 

J. Almberger, I. Hamamoto and 6. Leander, Phys.Script. 22 (1980) 331. 

T. Engeland and J. Rekstad, Phys.Lett. 89B (1979) 8. 
J. Rekstad and T. Engeland, Phys.Lett. 89B (1980) 316. 

7.2.2 Negative parity states of 1 5 1Sm in the particle-rotor model with 
exact treatment of the pairing and recoil terms 

A. Henriquez, J. Rekstad and T. Engeland 

The wave functions and energies of the negative parity states of 1 5 lSm 
have been calculated previously in the particle-rotor model with the BCS-
approximation of the pairing term.1 In spite of the general agreement 
between the theoretical and experimental results, some discrepancies re
mained. 

There was an insufficient coupling between the two 5/2 states belonging 
to the f... structure, which caused the 5/2~ground state not to come 
under the 3/2~state of the f,,, band, and resulted in the 5/2 state be
longing to the 5/2~[523] Nilsson orbital being too high. 

Another problem arose in the calculation of the population of the 5/2 
states at 183 keV and 450 keV in 1 S 3Sm in the reaction l s lSm 
(t,p) 1 S 3Sn, as pointed out in ref.4. The energies.and wave functions of 
the 5/2"states had been predicted previously by different calculations 
based on a Woods-Saxon potential2 and a Nilsson potential3. 
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With these wave functions, the population of the 183 keV and 210 keV 

states could be calculated. The L = 0 strength of the 183 keV level is 

predicted by both calculations to be larger than that of the 450 keV 

level (by a factor of 2.6 for Hammaren et al. 2 and 12.8 for Guttormsen et 

al. 3 However, it was observed experimentally that the 450 keV level 

contained approximately 1.5 times the L = 0 strength of the 183 keV 

level.4 

Both discrepancies are removed if we take into account that data from 
l s 3Gd and 1 4 9Nd suggest a lower 5/2~[523] single-particle energy, and if 

we make a complete treatment of the paring and recoil effects, see sub-

sect. 7.2.1. 

The level scheme with the correct order of the ground and the first ex

cited states is shown in Fig. 7.1. Other levels are also better fitted 

in the present description. The gap between the 5/2~[523] and 3/2"[532] 

Nilsson orbitals has been reduced by 20%. The new and old wave functions 

for the ground state are written in Table 7.1. The 5/2 [523] coefficient 

is much larger in the new wave function, and this accounts for a better 

fit of the calculation of the relative intensities for the transitions to 

the two 5/2~levels in 1 5 3Sm. 

TABLE 7.1 

Calculated Nilsson amplitudes for 1 5 1Sm. 

Orbit 1/2~[521] 5/2"[523] 3/2~[521] 3/2~[532] l/2"[530] 

«. Guttormsen 0.07 0.32 -0.14 0.92 0.16 
et al. 1 

Present -0.04 -0.61 -0.26 -0.66 -0.37 

M. Guttormsen, E. Osnes and J. Rekstad, Nucl.Phys. A298 (1978) 122. 

R. Katajanheimo and E. Hammaren, Phys.Scripts 19 (1978) 251. 

J. Rekstad, M. Guttormsen, T. Engeland, G. Løvhøiden, 0. Straume and 
J. Lien, Nucl.Phys. A320 (1979) 239. D. G. Burke and I. Nowikow, 
Annual Progress Report, McMaster Accelerator Laboratory, 1978, p. 43. 
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Calculated and experimental energies of negative parity states in 1 5 1Sm. 
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7.2.3 A particle-rotor «odel analysis of l 6 3 E r 

T. Engeland 

The odd-A nucleus 1 6 3 E r has been the subject of several theoretical cal
culations using the particle-rotor model. Of particular interest for our 
work is the paper by S. Hjorth et al. 1 Here the decoupled positive par
ity band based on the i 1 3 / 2

+ Nilsson orbit is analyzed using the BSC-
method in the particle-rotor model (see the discussion in sect. 7.2.1). 
The conclusion is that a Coriolis attenuation factor of 0.76 is needed. 

In the present work we analyze the same problem using the diagonalization 
method discussed in sect. 7.2.1. Our basic philosophy is to show the 
difference between the two approaches rather than to maximize the agree
ment with experiment. Thus we choose the same Nilsson potential as 
suggested by Hjorth et al. 1 to describe the intrinsic motion of the val
ence nucleons. The relevant orbits are shown in Table 7.2. According to 
Hjorth et al. 1 the Fermi level is close to the [642]5/2 orbit, which in 
our number-conserving model means n = 7 pairs plus an odd particle. In 
the lowest configuration the odd particle will be located in the [642JS/2 
orbit. The moment of inertia parameter is A = 8 a/2j = 14.12 keV. Then 
the only unknown parameter in our model is the strength G of the pairing 
force. This is fixed by calculating the odd-even mass difference through 
the three-point formulae 

A ( 3 ) = l/2[2BE(163Er) - BE( l 6 2Er) - BE( 1 6 4Er)]. 

Thus, in addition to calculating the ground state energy BE( 1 6 3Er), we 
also calculate the ground state energy of the nearby even isotopes 1 6 2 E r 
and 1 ? 4Er in the same model. Then the strength G is fixed through the 
requirement A A 3 ' (theory) * A."' (experiment) = 0.969 MeV. This gives G 
= -0.265 MeV and A ( 3 ) = 0.974 MeV. 

In Table 7.3 we show the result using the BCS-method. Two cases are cal
culated first with full Coriolis strength and then by using an attenua
tion factor of 0.76. The last case is the same as obtained by Hjorth et 
al.1 Here the importance of the attenuation factor is clearly revealed; 
and even through a rather free parameter search, Hjorth et al. 1 were not 
able to obtain an alternative solution. The result in Table 7.4 is 
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obtained with the diagonalization method. Two cases are shown in order 

to present the effect of the two-body formulation of the recoil term (see 

7.2.1). 

Two important conclusions are clear. The treatment of the intrinsic mo

tion of the valence nucleons in the particle-rotor model through the di-

agonalization method gives an excellent agreement with experiment in 
1 6 3Er without any artificial reduction of the Coriolis strength. Further

more, the recoil term in its two-body formulation is of great importance 

for the result. 

More work must be done and several other cases investigated before gen

eral conclusions can be drawn. But the method seems very promising and 

should at least be able to reduce the number of cases where a Coliolis 

attenuation is necessary. 

S. Hjorth, H. Ryde, K. A. Hagemann, G. Løvhøiden and J. C. Waddington, 
Nucl.Phys. A144 (1970) 513. 

TABLE 7.2 

The Nilsson single-particle spectrum with parameters 

K = 0.0637, H = 0.42, and 6 = 0.28 

Orbit Energy (Mev) Orbit Energy (MeV) 

[514]9/2_ 0.00 [642]5/2+ 2.57 

[530J1/2" 0.36 [523]5/2" 2.72 

[532]3/2" 0.70 [521]l/2" 3.73 

[660]l/2+ 0.98 [633]7/2+ 3.92 

[651]3/2+ 1.56 [512]5/2" 4.29 

[505]11/2" 1.67 [5l4]7/2* 4.97 

[521]3/2~ 2.15 [624]9/2+ 5.56 
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TABLE 7.3 

Energy spectrin of 1 6 3 E r in the particle-rotor model with the BCS-sethod. 

I 7 1 5/2* 7/2* 9/2* 11/2* 13/2* 

Exp (keV) 0.0 22.1 50.9 129.9 177.6 

Theory no att. 42.7 20.5 0.0 • 48.5 49.4 

Theory att. = 0. 76 0.0 20.2 50.4 127.8 184.5 

TABLE 7.4 

Energy spectrum of 1 6 3 E r in the particle-rotor model 
with the diagonalization method. 

I* 5/2* 7/2* 9/2* 11/2* 13/2* 

Exp. (keV) 0.0 22.1 50.9 129.9 177.6 

Theory complete 0.0 17.0 41.6 103.2 150.9 

Theory no recoil 0.7 0.0 1.1 54.9 73.9 
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7.3 Nuclear Reactions 

7.3.1 Study of nuclear structure by two-nucleon transfer reactions in 
coupled-channel formalism 

T. Engeland, I. Espe, E. Brondz (graduate student), and T. Sam
uelsen (graduate student) 

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

In the (3He,p) transfer reaction the ratio between the T = 0 and T = 1 
parts of the transfer strength is of great importance for the cross sec
tion. From an earlier experiment1 we have obtained the cross sections 
for the reaction 1 2C( 3He,p) 1 4N. The transfer strengths to the 1 + T = 0 
ground state and the I T = 0 3.94 MeV state are pure T = 0 processes, 
whereas the transfer strength to the 0 + T = 1 2.31 MeV state is a T = 1 
process. A thesis work has been completed on the problem where different 
types of shell model wave functions (Cohen-Kurath's p-shell wave func
tions2 and S. Lie's particle-hole wave functions3 were used. Also, the 
effect of inelastic scattering to the 2 4.44 MeV state in the 1 2 C en
trance channel were investigated. 

No clear conclusions were obtained. The theoretical cross sections to 
the three levels in 1 4 N were very sensitive to both the wave functions 
and the 2 inelastic channel. The agreement with experiment was in nearly 
all cases poor. For these reasons it was not possible to extract a 
meaningful value of ratio of the T = 0 to T = 1 strength as we hoped. 

In a separate study the question of microscopic, inelastic form factors 
is investigated. We have concentrated on two nuclei, inelastic excita
tion from the 0 ground state to the 2 4.44 MeV state in 1 2 C and inelas
tic excitation of the five lowest excited states in 1 3 C with J = 1/2 , 
3/2",5/2+,5/2+ and 3/2+. Based on shell model particle-hole wave func
tions calculated according to the model given in ref.4, microscopic form 
factors are evaluated. The resulting cross sections are obtained through 
a coupled-channel formalism. Our main objective is to see if the method 
is able to reproduce the experimental data, in particular for those cases 
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where collective fora factors are not Meaningful. Sone result! are 

obtained and are now subject to a final analysis. 

1 T. Pedersen, T. Engeland, I. Espe, J. Rekstad, C. Ellegaard, and S. 
Backe, Nucl.Phys. A293 (1977) 10. 

2 S. Cohen and D. Kurath, Nucl.Phys. 73 (1965) 1. 

3 S. Lie, Nucl.Phys. A181 (1972) 517. 

* P. J. Ellis and T. Engeland, Nucl.Phys. A144 (1970) 161. 
T. Engeland and P. J. Ellis, Nucl.Phys. A181 (1972) 368. 

7.3.2 A study of the energy spectrum of the. B-delayed neutron in the 

decay of 9Li 

K. Gjøtterud 

Dr. Gøran Nyman, Institute of Physics, CTH Gøteborg, p.t. ISOLDE CERN, is 

investigating the decay of 9Li experimentally. In the final state of the 

decay of 9Li there are five particles: B , v, 2a and n. The decay may 

pass through four possible excited states of 9Be, each of which has three 

open channels: one through 5He and two through 8Be. 

Fig. 7.2 shows the neutron spectrum, where all the open channels are 

summed over.1 The spectrum is complex, and as a first step, a theoreti

cal study of the kinematical and statistical contribution to the energy 

spectrum of the neutron for a specific decay mode will be made. 

Per-Olof Larsson, Diploma thesis, Institute of Physics CTH, Gothen-
borg (1979). 
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7.3.3 Nuclear potential energy surface studies 

Olav Aspelund 

Our work on nuclear structure and nuclear reaction aspects of Bohr's sur
face vibration theory (SVT) and of Faessler and Greiner'a rotation-vibra
tion coupling theory (RVCT) has progressed to such a stage that it is 
natural to define a framework for these Btudies. As indicated in Table 
7.5, our efforts fit nicely into a proposed research program dedicated to 
experimental and theoretical investigations into the quadrupole component 
of the nuclear potential energy surface. The characteristic feature of 
this branch of modern phenomenological collectivity is that the nuclear 
potential energy V is taken to be a function solely of the body-fixed 
shaped variables a and a 2, viz., 

V = V(a o,a 2). 

In nuclear potential energy surface investigations, the eigenfunctions of 
the 5-dimensional harmonic quadrupole oscillator play a vital role. 

The implications of SVT are most profitably studied on the basis of 
spherical representation wave functions. Several sets of exact eigen
functions for the spherical 5-dimensional oscillator have been reported, 
namely those obtained by Gneuss and Greiner1, by Chacon, Hoshinsky and 
Sharp2, by Corrigan, Margetan and Williams3, by Gheorghe, Raduta and 
Ceausescu4, and finally by Gozdz and Szpikowski5. In our internal report6, 
use was made of Corrigan, Margetan and Williams' eigenfunctions. Addi
tional work based upon spherical representation wave functions is in 
progress. 

Permanently well-deformed nuclei undergoing surface vibrations should 
ideally be studied by means of eigenfunctions belonging to what appro
priately may be denoted the non-spherical 5-dimensional harmonic quadru
pole oscillator. Pending exact eigenfunctions to be reported for this 
case, we found it natural to exploit the implications of RVCT, as the 
RVCT eigenfunctions obtained by Faessler and Greiner7 may be regarded as 
approximations to exact eigenfunctions eventually to be derived later. 
As a part of this research program, further work was expended during 1980 
on structure and reaction aspects of RVCT. As a test case for the power 
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of this theory, we studied the properties of the lower-lying 4 states in 
the nuclei 2 4Mg and 2 6Hg. We were able to show that these levels evince 
sizable second-order non-spherical quadrupole phonon admixtures. Never
theless, anharnonicities not contained in RVCT in its present shape make 
themselves felt in 2 6Mg. A physically correct treatment of such anhar-
monicities can only be undertaken when exact eigenfunctions for the 
non-spherical 5-dimensional harmonic quadrupole oscillator become avail
able. 

An extensive description of our method is given in a paper accepted for 
publication in Annals of Physics.8 

A paper concerned with our work on the lower-lying 4 states in the 
nuclei 2 4Mg and 2 6Mg is in preparation. 

Gotthard Gneuss and Walter Greiner, Kuel. Phys. A171 (1971) 449. 

E. Chacon, M. Moshinsky, and R. T. Sharp, J. Math. Phys. r7 (1976) 668. 

E. Chacon and M. Moshinsky, J. Math. Phys. 18 (1977) 870. 

0. Castanos, A. Frank, and M. Moshinsky, J. Math. Phys. 19. 0978) 1781. 

T. M. Corrigan, F. J. Margetan, and S. A. Williams, Phys. Rev. C14 
(1976) 2279. 

A. Gheorghe, A. A. Raduta, and V. Ceausescu, Nucl. Phys. A296 (1978) 228. 

A. Gozdz and S. Szpikowski, Nucl. Phys. A349 (1980) 359. 

Olav Aspelund, Internal Report, Institute of Physics, University of Oslo 
(1978). 

Amand Faessler and Walter Greiner, Z. Physik 168 (1962) 425. 

Amand Faessler and Walter Greiner, Z. Physik 170 (1962) 105. 

Amand Faessler and Walter Greiner, Z. Physik 177 (1964) 190. 

Anand Faessler, Walter Greiner, and Raymond K. Sheline, Phys. Rev. 135 
(1964) B591. 

Amand Faessler, Walter Greiner, and Raymond K. Sheline, Nucl. Phys. 70 
(1965) 33. 

Olav Aspelund, to be published. 
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TABLE 7.5 

Spherical 
Representation 

Wave Function Studies 

Spherical 
Representation 

Reaction Investigations 

Examples: 
1} Elastic and Inelastic 

Particle Scattering 
Cross Sections and 

Polarisations 
2) One-Nucleon Transfer 

Cross Sections and 
Polarisations 

Spherical 
Representation 
Electromagnetic 

Transition Probability 
Investigations 

Examples: 
1) E0 Transitions 
2) E2 Transitions 
3) E4 Transitions 
4) Ml Transitions 
5) H3 Transitions 

Nuclear Potential 
Energy Surface 

Studies 

Nuclear 
Structure 
Aspect 

Nuclear 
Reaction 
Aspect 

Nuclear 
Spectroscopy 

Aspect 

Non-Spherical 
Representation 

Wave Function Studies 

Non-Spherical 
Representation 

Reaction Investigations 

Examples: 
1) Elastic and Inelastic 

Particle Scattering 
Cross Sections and 

Polarisations 
2) Gne-Nucleon Transfer 

Cross Sections and 
Polarisations 

Non-Spherical 
Representation 
Electromagnetic 

Transition Probability 
Investigations 

Examples: 
1) E0 Transitions 
2) E2 Transitions 
3) E4 Transitions 
4) HI Transitions 
5) M3 Transitions 
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8. OTHER FIELDS OF RESEARCH 

8.1 Production of radionuclides 

T. Bjørnstad, T. Holtebekk and A.K.I. Straumsheim 

In May, 1980, the Ministry of Education finally accepted a proposal for 

production of radionuclides with the cyclotron and gave an allowance of 

kr 605.000, for investments in the project. In September, cand.real. Tor 

Bjørnstad received a research fellowship from NAVF for a period of three 

years, and A.K.I. Straumsheim was engaged as a chemical engineer con

nected to the project for the same period. T. Holtebekk acts as a project 

leader under the steering board with Dr. K.F. Nakken as chairman. 

Preliminary work with production of 6 7Ga was started in the beginning of 

the year by the Nuclear Physics Group in cooperation with the Isotope 

Laboratories, IFE.* A method for production of 6 7Ga by the reaction 
6sCu(a,2n) was tested out. With an a-particle beam of 30|iA at 32 MeV and 

using separated 6 sCu as target, a requested quantity of 40 mCi could be 

produced in 5 hours. This beam energy and intensity is, however, so high 

that there will be induced an unwanted high radioactivity level in the 

accelerator and the beam transport system. 

Instead of continuing the development of this method, one has therefore 

considered the reaction 6 8Zn(p,2n) 6 7Ga. The yield from this reaction is 

so high that the wanted quantity may be obtained from targets of natural 

zinc, and the use of 28 MeV proton beam will lead to considerably less 

contamination of the cyclotron. Various methods for producing targets of 

optimal thickness to obtain highest yield r,C 6 7Ga and lowest yield of 
6 6Ga have been tested. 

Methods for extracting Ga from the Zn-target have been developed by 

Bjørnstad in collaboration with the Isotope Laboratories, and routine 

production will hopefully start in May, 1981. Production methods for 
8 1Rb as generator for 8 i m K r have been studied. As soon as the routine 

production of s 7Ga is started, the work with the Kr-generator will be 

intensified. 

* IFE: Institute for Energy Technology. 
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As part of the project, a target chamber systen, where the irradiated 
target is moved into a lead container by renote control, has been con
structed. In order to nake feasible the use of 3He beans for radionuclide 
production, a 3He regaining systen has been installed (see sect. 3.2.3). 
With the high intensity bean that nust be used for production purposes, 
parts of the cyclotron, especially the bean deflector, will be highly 
activated. It can therefore not be repaired immediately after an even
tual failure. To avoid a long stop period of the cyclotron in such a 
case, a spare deflector has been ordered from AB Scanditronix and a 
transport and storing system for the deflector with radioactive shielding 
is under construction. 

8.2 Radiation physics 

A. Storruste 

Members of the group take part in a collaboration with the State Insti
tute of Radiation Hygiene in the construction and calibration of a whole 
body counter and low radiation level laboratory. 

8.3 Solar energy research 

8.3.1 Experimental study of the trickle collector 

S. Bjerke and J. Rekstad 

Two parallel flat-plate solar collectors of the trickle type have been 
placed on the roof of the Physics building. This made it possible to 
test the effects of changes in the collector construction, relative to a 
fixed reference collector, under identical weather and radiation con
ditions. The original trickle collector is modified by putting a thin, 
transparent plastic foil as a "vapour trap" between the absorber and the 
cover glass. The foil is floating on the water. 

The collector efficiency, t\, was neasured with single and double cover 
glass, with and without the foil. Fig. 8.1 shows the efficiency of the 
different models as a function of the temperature difference between the 
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collector water and the ambient air. By introducing the plastic foil, we 
have improved the collector efficiency by alaost a factor of 2 in the 
interesting temperature region. The efficiency of the modified trickle 
collector, with plastic foil and single cover glass, is about the same as 
that of many conventional solar collectors.1 

The plastic foil prevents the formation of dewdrops on the inside of the 
glass, and thus reduces the heat loss and also improves the transmission 
of sunlight to the absorber. 

.02 M .06 .08 AT [de9^%] 
Fig. 8.1. Collector efficiency r) as a function of OS/1. 

AT is the temperature difference between the collector water and the 
bient air, and I is the solar radiation flux per square meter. 
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In order to stake the construction sure suitable for commercial solar sys
tems, we are now testing collectors where the foil and cover glass are 
replaced by a plate of polycarbonate. The idea is shown in Fig. 8.2. 
Water trickles down between the absorber and the polycarbonate plate, 
filling the intermediate space. 

This trickle collector can be manufactured to a cost of $25-40 (Nkr 125 -
200) per square meter. Usual cost of conventional flat-plate devices and 
evacuated tubes is $50-300 per square meter.2 

Bolucorborvate 

u/at«r 

absorber 

i1unL9.ti.on 

Fig. 8.2. A cut through the r.ew trickle collector model. 

1 K. L. Thomsen, Solenergi til boligoppvarming, Energiforskning pi 
Ris*, 1978, ch. F, p. 65, fig. 3. 

2 A. L. Hammond and W. D. Metz, Capturing Sunlight: A Revolution in 
Collector Design; Science, vol. 201, July 7, 1978, 36-39. 

http://i1unL9.ti.on
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8.3.2 Data froa the solar-heated house in Lørenskog 

J. Rekstad, S. Bjerke and F. Ingebretsen 

The solar-heated house in Lørenskog is described in several articles.1'2 

Total heated floor area is 232.9 a 2. The heating systea of the house is 

shown in Fig. 8.3. So far only a short time storage, an iron tank con

taining about 3 m 3 of water and with a total heat capacity 3,73 kWh/K, 

has been used. 28.0 m 2 of flat-plate solar collectors are mounted on the 

southward roof, tilted 70° to the horizontal. The collector system is a 

closed water system, which function is thoroughly described in ref.2 

A system for registration of energy parameters was established in collab

oration with the NAVF Instrument Service at the Central Institute for 

Industrial Research (SI) and Oslo Lysverker. Data from the house have 

been collected on paper tapes from February, 1978 to June, 1980. These 

tapes have now been analyzed at the DEC-10 computer at the University of 

Oslo. 

A measure of collector performance is the collection efficiency r\, de

fined as the ratio of useful gain over any time period to the incident 

solar energy over the same time period. Fig. 8.4. (see next page) shows 

the measured solar collector efficiencies at the Lørenskog house, where 

useful jain is the heat energy delivered to the water storage. The heat 

loss from the water pipe between the collector and the storage is thus 

included. The curve through the measured efficiency values cuts the 

ordinate at r| = 74%, which is the theoretical maximum of f\ for this col

lector. 

For the interesting interval 4T/I = 0-02 - 0.06, r| is between 40% and 

70%. The total system performance during a day is also limited by the 

collector heat capacity, the temperature of the storage, etc. Table 8.1 

shows the total solar radiation and heat energy gain for some fine days 

in 1978. 
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Fig. 8.3. The solar heating system. 

O.oi M# o.ofc xr/j. (^sfa) 

Fig. 8.4. Solar collector efficiencies i|as i function of the ratio of 
average temperature difference between the solar collector and 
the ambient air, AT, to the global radiation, I. 
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Table 8.1. 

A comparison of the total energy gain and the solar radiation for soae 
di/s in 1978. 

Date Total radiation ! ( ^Tcoll "' Tair' E n e r8y «• i n 1 

(kWh) (V; (kWh) (%) 

6.3 128.7 3.8 27.9 58.4 45.5 

11.3 139.7 5.1 29.7 62.1 44.4 

18.3 192.2 -8.8 47.5 42.1 21.9 

19.3 170.1 -5.9 44.5 50.2 29.5 

27.3 157.6 3.9 32.4 64.7 41.1 

28.3 124.0 6.9 34.0 44.7 36.0 

1.4 132.1 5.3 27.4 58.8 44.5 

The solar radiation was Matured by aeans of a Kipp & Zonen solarineter, 

in 70° to the horizontal. As an average for 1978, 1979 and 1980 we found 

a total annual radiation of 763 kWh/a* in Lørenskog. 62% of this radia

tion energy, i.e. 473 kWh/a2, was registered on days with more than 50% 

of the theoretical maxisnia radiation for a bright day at the same date 

(Fig. 8.5). 

It is planned to mount 10 m 2 of the new trickle collector (sect. 8.3.1) 

on the house connected to a 10 a s concrete wall, the wall acting as a 

heat storage. 

A full report concerning the solar-heated house in Lørenskog will Boon be 

available. 

J. Rekstad, Huaoppvaraing aed solenergi, Forskningsnytt or. 5 (1977) 9. 

J. Rekstad, Fors#kshuset i Lørenskog svarer til forventningene, 
Forskningsnytt nr. 5 (1978) 40. 
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Fig. 8.5. Average monthly radiation in Lørenskog for 1978, 1979 & 1980, 
measured in 70 to the horizontal. 62% of the annual radiation 
was registered on days with more than 50% of the theoretical 
maximum radiation for a bright day at the same date (shaded 
region). 

8.3.3 Data logger for solar energy projects 

J. Wikne, G. Midttun, J. Norderhaug (graduate student) and J. 

Rekstad 

A building heated by solar energy may constitute a rather complex system, 

and the need of a computer-based system for collection, analysis and mon

itoring of data from many different sources is obvious. 

Such a system, based on a Motorola M68TDS microcomputer, is presently 

under development. The interface between the computer and the peripheral 

equipment (instruments for measuring temperature, solar radiation, etc.) 

is a standard GPIB-bus. 

Much of our present work is devoted to the creation of necessary hardware 

and software for this system. 8-channel (expandable up to 16) GPIB-com

patible instruments for temperature measurements by means of thermo

couples or integrated sensors are currently being designed. 
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This is a joint development project with the Institute for Energy Tech
nology (IFE), Kjeller, Norway. 
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9. SEMINARS AND LECTURES 

9.01 H. St.-Bowitz: An electronic organ coupled to a computer. 

18.01 E. Liukkonen (Jyvaskyla): Superconducting cyclotrons at HSU. 

23.01 T. Holtebekk: The cyclotron as a mass spectrometer. 

28.01 B. Skaali: A presentation of the new Nord 10/Nord 50 computer. 

6.02 J. Rekstad: Planned experiments at the cyclotron. 

7.03 Sven Oluf Sørensen: Centauro-processes. 

14.03 J. Feder: Random sequntial absorption. 

21.03 J. Rekstad: The New Orleans conference and other experiences. 

16.04 0. Aspelund: The nuclear potential-energy surface I. 

21.04 J. S. Vaagen (Bergen): Generalized optical model for transi

tional nuclei, based on dynamic deformation theory (DDT). 

23.04 0. Aspelund: The nuclear potential energy surface II. 

25.04 0. Aspelund: The nuclear potential energy surface III. 

28.04 K. Kumar (Bergen and Vanderbilt): Dynamic deformation theory 

and a global study of even-even nuclei. 

30.04 0. Aspelund: The nuclear potential energy surface IV. 

7.05 0. Aspelund: The nuclear potential energy surface V. 

13.06 D. Horn (Brookhaven): High-spin spectroscopy near N = 82 and 

H = 82. 

17.06 D. Burke (McMaster): Transfer reactions with polarized beams. 



71 

6.08 A. Henriquez: Report fro» the Latin American School of Physics, 

in particular on the generalized collective model of Hess, 

Gneuss and Greiner. 

29.08 J. Rekstad: The (3He,a) and (a,3He) reactions as spectroscopic 

tools. Plans and prospects for cyclotron experiments. 

5.09 S. Bjerke: The solar-collector experiments. 

10.09 A. Henriquez: Report from the International Sumner School on 

nuclear structure at Dronten, Aug. 12-23. 

12.09 E. Osnes: Report from the Berkley Conference. 

17.09 T. Holtebekk: Radionuclides for medical use. 

19.9 Jon Wikne: The recovering-system for 3He-gas at the cyclotron. 

22.9 H. Guttormsen (Bonn-Oslo): High-spin physics at the cyclotron 

in Bonn. 

23.09 M. Guttormsen: Rapidly rotating nuclei (trial lecture for 

doctoral defense). 

23.09 M. Guttormsen: The neutrino and implications for astrophysics 

(trial lecture for doctoral defense). 

26.09 T. Engeland: Particle plus rotor model, Corolis attenuation, 

particle plus particle plus rotor model, etc. 

8.10 T. Holtebekk: Status of the radionuclide project: Production 

of 6 7Ga. 

10.10 J. Gomez (Madrid): HF-calculations of neutron radii and coulomb 

displacement energies. 

15.10 T. Bjørnstad: Isotope generators. Production of 8 1™Kr. 

22.10 T. Bjørnstad: Nuclear chemistry problems in radionuclide pro

duction. 
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29.10 K. F. Kakken (Ullevål Hospital): The use of radioisotopes in 

nuclear aedicine I. 

1.11 A. Henriquez: Introduction to the interacting boson model I. 

3.11 A. Henriquez: Introduction to the interacting boron model II. 

5.11 K. F. Kakken (Ullevål Hospital): The use of radioisotopes in 

nuclear medicine II. 

7.11 E. Osnes: Spin-vibrations in nuclei, report from the Copenhagen 

conference. 

10.11 P. J. Ellis (Minneapolis): Coulomb and nuclear inelastic excita

tions and the optical potential for heavy ions. 

12.11 B. Skaali: Status report for the data laboratory at the cyclo

tron. 

19.11 L. Hertzenberg (Ullevål Hospital): Detection instruments for 

nuclear medicine I. 

26.11 L. Hertzenberg (Ullevål Hospital): Detection instruments for 

nuclear medicine II. 

27.11 A. Klein (Philadelphia): Comments on the interacting boson model. 

28.11 H. Morinaga (Munich): Applied physics projects at the Munich 

cyclotron. 
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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. L^vhoiden 

K. Nybo 

T. Rødland 

T. F. Thorsteinsen 

CTH, Gothenburg: S. E. Arnell 

E. Wallander 

AFI, Stockholm: A. Nilsson 

Lund University: P. Eckstrom 

Jyvaskyla University; E. Liukkonen 

NBI, Riso: Jin Gen Ming 

McMaster University: D. Burke 
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11. COMMITTEES, CONFERENCES AND TALKS 

11.1 Committees and various activities 

External committees and activities only are listed. 

T. Engeland Member of the board of the Norwegian Physical Society 

(NPS), chairman of the Nuclear Physics Committee of 

NPS. Referee for Nuclear Physics. 

K. Gjøtterud Member of ISOLDE committee (CERN). Secretary for 

Norwegian Friends of the Hebrew University, Jerusa

lem, and Norwegian-Israeli Research Fund. Referee 

for Nuclear Physics and Physica Scripta. 

T. Holtebekk Member of the steering committee for 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 Acceler

ator-Based Research (NOAC). Member of the energy com

mittee of the Norwegian Church Council. Referee for 

Nuclear Instruments and Methods. 

S. Messelt Referee for Nuclear Instruments and Methods. 

E. Osnes Preside' «f 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 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 the level and organization 

of solar energy research in Norway. Member of a 

olar heat committee in the community of Drammen as a 
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representative for the Department of Oil and Energy. 

Member of an advisory committee appointed by Arki

tekthøgskolen, Oslo, to guide during the construction 

of a new dairy building at Mysen (Østfold). 

B. Skaali Referee for Nuclear Instruments and Methods. 

R. Tangen Member of the Norwegian Acadeny of Science. Member 

of the board of the Technical Museum. 

P. 0. Tjørn Referee for Nuclear Physics. 

11.2 Conferences, visits and talks 

The following physicists participated in the Annual Meeting of the Nor

wegian Physical Society (NPS) in Tromsø, June 23-26: 0. Aspelund, S. 

Bjerke, T. Engeland, F. Ingebretsen, E. Osnes and B. Skaali. 

The Workshop on Nuclear Physics in Bergen, Nov. 25-26, was attended by: 

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

K. Gjøtterud and F. Ingebretsen participated in the IVth International 

Conference on Collective Phenomena, arranged in Moscow, April 13-15, in 

the flat of Drs. Victor and Irina Brailovsky. 

For the individual members we list thf 1lowing activities: 

0. Aspelund Talk at the NPS meeting in Tromsø, June 23-26: "Phen

omenology of the Nuclear Potential Energy Surface." 

S. Bjerke Talk at the NFS meeting in Tromsø, June 23-26: "An 

Experimental Study of a Flat-Plate Solar Collector." 

Participated in the Scandinavian Conference on active 

solar sir systems, Trondheim, Nov. 4. 
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T. Engeland Talk at the Workshop on Nuclear Physics in Bergen, 

nov. 25-26: "The Coriolis Attenuation in the Pair

ing plus Recoil Model." 

Talk at the Niels Bohr Institute, Copenhagen, Dec. 

15: "The Coriolis Attenuation in 1 6 3Er." 

K. Gjøtterud Talk at the IVth International Conference on Collec

tive Phenomena, April 13-15: "The Einstein Formula 

for the Fluctuations of Electromagnetic Energy and 

Complementarity." 

Talk in "Den Norske P.E.N.-klubben," April 21: "The 

situation for the Jews in the USSR." 

Participated Dec. 8-12 in the CSCE, Conference on 

Security and Cooperation in Europe, Madrid. 

A. Henriquez Talk at the Latin American School of Physics, Mexico, 

June 2-20: "AN = 2 coupling in the particle-rotor 

model." 

Participation in the IX International Colloqium on 

Group Theory and its Applications in Physics, Cocoyoc, 

Mexico, June 23-27. 

Participation in the International Summer School on 

Nuclear Structure, at Dronten, the Netherlands, Aug. 

12-23. 

T. Holtebekk Participated in the Second Symposium on the Medical 

Application of Cyclotrons, Turku, June 2-5. i 

F. Ingebretsen Talk at the IVth International Conference on Collec

tive Phenomena in Moscow, April 13-15: "The imple-

nentation of Modern Digital Technology in the Oslo 

Cyclotron laboratory." 
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Chaired a conference on adult education in science, 

Hadeland, May 5-6. Talk: "The Role of the Faculty 

of Science of the University of Oslo in Adult Educa

tion." 

Talk at the NPS meeting in Tromsø, June 23-26: "Ex

periments at the Oslo Cyclotron." 

Lecture at International Summer School: "Renewable 

Energy Projects in Norway." 

Talk at the conference on "Science and Society," Not

odden, August 4-9: "The Second Law of Thermodynam

ics in Energy Teaching." 

E. Osnes On leave to University of Tubingen, West Germany, 

May 15 - Aug. 1. 

Talk at the University of Tubingen, West Germany, 

June 3: "Padé and Borel Summation of the Effective 

Interaction in a Quantum Mechanical Model Problem 

With Intruder State." 

Talk at the NPS Annual Meeting in Tromsø, June 23-26: 

"Anti-aligned States in Transitional Nuclei." 

Talk at the Research Centre for Nuclear Physics, 

Strasbourg, France, July 10: "Convergence of the 

Effective Interaction in a Simple Model with In

truder State." 

Talk at the University and Technical University of 

Munich, Garching, West Germany, July 18: "Coriolis 

and Recoil Effects in Transitional Nuclei." 

On leave to State University of New York, Stony Brook, 

USA, Aug. 8-19. 
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Talk at the International Workshop on Nuclear Struc
ture Physics in Tucson, Arizona, USA, Aug. 20-21: 
"Evaluation of Fo/nman-Goldstone Diagrams, in an Angu
lar Momentum Coupled Representation." 

International Conference on Nuclear Physics, Berkely, 
California, USA, Aug. 24-30. 

University of Minnesota, Minneapolis,-USA, Sept. 1-3. 

Talk at the University of Montreal, Canada, Sept. 4: 
"Coriolis and Recoil Effects in Transitional Nuclei." 

Symposium on Spin Vibrations in Nuclei, Copenhagen, 
Nov. 5-6. 

Talks at the Study Day for high school teachers at 
B(S in Telemark, Nov. 14: "Developments in Elementary 
Particle Physics in the 1960's and 1970's." 
"Nuclear Physics Projects at the Oslo Cyclotron." 

Talk at the International Workshop on Nuclear Physics 
in Bergen, Nov. 25-26: "Evaluation of Feynman-Gold-
stone Diagrams in an Angular Momentum Coupled Repre
sentation." 

On leave to Weizmann Institute of Science, Rehovot, 
Israel, Dec. 3-31 (until Feb. 1, 1981). 

J. Rekstad Participated in the International Conference on Band 
Structures and Nuclear Dynamics, Tulane University, 
New Orleans, Feb. 28 - March 1. 

Talk at the annual meeting in "Selvaag-klubben," 
March 18: "Solenergi til boligoppvarming - erfaring 
og perspektiver." 

Talk at "Hordalaget," April 18: "Om solenergi." 
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Participated in the Nobel Syaposiutn on Nuclei at Very 

High Spin, Sven Gøsta Nilsson in Memorial, June 23 -

27, Ørenes Castle, Sweden. 

Talk at the Bergen Workshop in Nuclear Physics, Nov. 

25-26: "Status Report on the Oslo Cyclotron." 

Talk at the Niels Bohr Institute, Copenhagen, Dec. 

15: "The Structure of the N * 90 Nuclei, Experi

ments and Interpretations." 

B. Skaali Talk at the NPS meeting in Tromsø, June 23-26: "The 

Data Acquisition System at the Oslo Cyclotron Labor

atory." 

Visited the nuclear laboratories in Manchester, Har

well and Culham (JET) in Sept. 

On leave to CERN, Generva, from December. 

P. 0. Tjørn: Participated in the Conference on Nuclear Behaviour 

at High Angular Momentum, Strasbourg, April 22-24. 
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12. THESES, P'JSLICATIONS AND REPORTS 

12.1 Theses 

Magne Guttormsen (Doctor Philosophia thesis). 

Properties of slowly rotating odd-mass nuclei. 

Rune Øyan (Cand.real, thesis). 

An investigation of the reactions l s oSm(a,n) 1 S 3Gd, E = 19 Mev and 
1 5 0Sm(a,2n) l s 2Gd, E a = 19 MeV and 27 Mev. 

Per Bøe (Cand.real, thesis). 

An investigation of 1 S 3Gd populated in the (oi,ri) reaction. 

John Wikne (Cand.real, thesis). 

Methods and instruments for the measurements of time structure and 

phase of the pulsed cyclotron beam. 

Terje Samuelsen (Cand.real, thesis). 

Distorted Wave and Coupled Channel Analysis of the Reaction 

1 2C( 3He,p) 1 4N. 

12.2 Publications 

12.2.1 Nuclear physics and instrumentation 

1. T. Engeland and J. Rekstad. 

The Recoil Term and the Pairing Interaction. 

Phys.Lett. 89B (1979) 8. 

2. M. Guttormsen, T. Pedersen, J. Rekstad, T. Engeland, E. Osnes and 

F. Ingebretsen. 

Pairing in the s-d Shell. An Analysis of the 2 3Na Nucleus. 

Nucl.Phys. A338 (1980) 141. 

3. M. Guttormsen, T. Rekstad, A. Henriquez, G. Løvhøiden and 0. Straume. 

On the AN = 2 Coupling Problem. 

Nucl.Phys. A334 (1980) 401. 
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4. M. Gut tomsen, J. Rektsad and L. L. Riedinger. 

The B-Band and the Octupole Band in 1 S 2Gd. 

Pays. Scripta 22 (1980) 210. 

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

J. H. Bjerregaard, P. Knudsen and P. Kleinheinz. 

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

The 1 S 0 , 1 4 8Nd(d.t) and 1 S 0 , 1 4 8 , 1 * 6 N d ( 3 H e , a ) Pick-up Reactions. 

Nucl.Phys. A33? (1980) 477. 

6. J. Rekstad and T. Engeland. 

On the Coriolis Attenuation Problem. 

Phys.Lett. 89B (1980) 316. 

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

J. Bjerregaard, P. Knudsen and P. Kleinheinz. 

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

The 1 4 8 , 1 5 0 , l S 2 S m ( 3 H e , a ) Pick-up Reactions. 

Nucl.Phys. A348 (1980) 93. 

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

Gaardhøye, G. B. Hagemann, B. Herskind, Y. V. Makovitzky, J. C. Wad-

dington, M. Guttormsen and P. 0. Tjørn. 

Frequency and Alignment Classification of Multiple Band Crossings. 

Phys.Rev.Lett. 44 (1980) 568. 

9. F. Folkmann, J. D. Garrett, G. B. Hagermann, M. N. Harakeh, B. Hers

kind, D. L. Hillis, S. Ogaza, H. Emling, E. Grosse, D. Schwalm, R. 

S. Simon and P. 0. Tjørn. 

Evidence for Large Derformation at High Angular Momentum for 1 0 ° Ru 

Evaporation Residues. 

Nucl.Phys., in press. 

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

J. C. Waddington and J. Rekstad. 

Candidates for Low-spin Members of the S-band in l 6 0Dy. 

Submitted to Phys.Rev.Lett. 
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11. G. Løvh#iden, J. S. lien, J. C. Vaddiogton, J. Rek»tad, I. Espe, 

C. Gaarde, J. S. Laraen and S. van der Werf. 

High-spin Particle States in 1 B 1 & » Studies with the («,3He) Reaction. 

Submitted to Nucl.Phys. 

12. J. Rekstad, I. Espe, G. L#vh#iden, J. R. Lien, J. C. Waddington, 

C. Gaarde, J. S. Larsen and S. van der Werf. 

An Investigation of the 14*Sai(or,3He)l4BSai Reaction. 

Submitted to Nucl.Phys. 

13. J. Rekstad, P. Bfte, M. Guttormsen, A. Henriquez, T. Engeland and 

G. L*vh*iden. 

The Level Structure of the l S 3Gd Nucleus. 

To be published. 

14. R. Øyan, J. Rekstad and M. Guttorasen. 

A Coaparison of the l s 0 S n (a,a) and 1 5 0Sn (or,2n) Reactions at 19 HeV 

Bombarding Energy. 

To be published. 

15. T. B. Skaali. 

The SINTRAN III NODAL System, University of Oslo version. 

Institute of Pysics report 80-17. 

16. T. T. S. Kuo and E. Osnes. 

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

tic Effective Interaction and Charges. 

J.Phys. G6 (1980) 335. 

17. T. T. S. Kuo, J. Shurpin, K. C. Tan, E. Osnes and P. J. Ellis. 

A Simple Method for Evaluating Goldstone Diagrams in an Angular 

Momentum Coupled Representation. 

Ann.Phys. (H.Y.), in press. 

18. J. M. Leinaas and E. Osnes. 

Application of the Borel Method of Summation to a Quantua Mechanical 

Model Problem. 

Phys.Scripta 22 (1980) 193. 
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19. Olav Aspelund. 

Rotation-Vibration Coupling Effects in the Nucleus 2 9Si. 

Phys.Lett. 90B (1980) 33S. 

20. Olav Aspelund. 

Second-Order Non-Spherical Quadrupole Phonon Effects in 2s-ld 

Shell Nuclei. 

Phys.Lett. 93B (1980) 363. 

21. Olav Aspelund. 

Nuclear Structure and Nuclear Reaction Aspects of Faessler and 

Greiner's Rotation-Vibration Coupling Theory. 

Ann.Phys., in press. 

22. Olav Aspelund. 

Features of the Lower-Lying 4 -States in the Nuclei 2 4Mg and 2 6Mg. 

In preparation. 

12.2.2 Other fields 

1. K. Gjøtterud and T. Henriksen. 

Aadne Ore, Aftenposten, 22/1-1980. 

2. K. Gjøtterud and T. Henriksen. 

Aadne Ore, 1916-1980. 

Fra Fysikkens Verden, nr. 1, 1980, p. 1. 

3. K. Gjøtterud (intervjuet av Arne Rønnild). 

Ogsi naturvitenskapsnenn forstår stykkevis... 

Prismet Pedagogisk tidsskrift, 4/5-1980, p. 141-142. 

4. K. Gjøtterud (intervjuet av Helene Freilem Klingberg). 

Til ettertanke, NRK program 2, 29/10-1980. 

5. K. Gjøtterud (intervjuet av Anton Blom). 

Situasjonen for sovjetjødiske vitenskapsoenn i USSR etter 

arrestasjonen av Victor Brailovsky. NRK Ekko, 3/12-1980. 
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H. Hagen, J. 0. Berg, J. Rek*tad, J. H. Søvik, S. L. Lystad, 

A. Skartveit, B. T. Larsen. 

Solenergi. Forslag til nasjonalt Fol) program. NTNF, Jan. 1980. 

J. Rekstad. 

Energisparing og boligygging. 

Teknisk Ukeblad No. 19 (1980). 

J. Rekstad. 

Solnorge - en utopi? 

En kommentar til boken "Solnorge - en skisse av et fornybart energi

system" av S. Atterkvist og T. Johansson. 

Forskningsnytt nr. 5 (1980) 31. 

J. Rekstad, S. Bjerke, F. Ingebretsen. 

Rapport om solenergiforsøk ved førsøkshus i Lørenskog. 

Skal publiseres. 

F. Ingebretsen. 

The Second Law of Thermodynamics in Energy Teaching. 

Proc. conf. on Science and Technology, Notodden, 1980. Statens 

lærekurs (1980). 

3 Conference reports 

J. J. Gaardhøye, 0. Andersen, J. D. Garrett, G. B. Hagenann, B. Hers-

kind, L. L. Riedinger and P. 0. Tjørn. 

Contribution, International Conference on Nuclear Behaviour of High 

Angular Momentum, Strasbourg, April 22-24, 1980. 

G. Løvhøiden, T. F. Thorsteinsen, J. C. Waddington, J. Gen-Hing, 

J. D. Garrett and J. Rekstad. 

Search for the Low-spin Members of the Superband. Cont. Int. Conf. 

on Band Structure and Nuclear Dynamics, New Orleans, vol. 1 (1980), 

p. 51. 
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3. J. Rekstad, A. Henriquez, T. Engeland and E. Osnes. 

Pairing and Recoil Effects in MasB 100 Nuclei. 

Cont. Int. Conf. on Band Structure and Nuclear Dynamics, 

New Orleans, vol. 1 (1980), p. 116. 

4. F. Ingebretsen. 

The Oslo Cyclotron Laboratory, Six Months after the Inauguration. 

Abs.Ann.Meeting, Norw.Phys.Soc., Troms*, 1980. 

5. B. Skaali, G. Midttun and F. Ingebretsen. 

The Data Acquisition System at the Oslo Cyclotron Laboratory. 

Abs.Ann.Meeting, Norw.Phys.Soc., Tromsø, 1980. 

6. O. Aspelund. 

Phenomenology of the Nuclear Potential Energy Surface. 

Abs.Ann.Meeting, Norw.Phys.Soc., Tromsø, 1980. 

7. E. Osnes. 

Anti-aligned States in Transitional Nuclei. 

Abs.Ann.Meeting, Norw.Phys.Soc., Tromsø, 1980. 

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

An Experimental Study of a Flat Plate Solar Collector of the 

Trickle Type. 

Abs.Ann.Meeting, Norw.Phys.Soc., Tromsø, 1980. 

9. E. Osnes and J. M. Leinaas. 

Convergence of the Effective Interaction in a Simple Model with 

Intruder State. 

Proc.Int. Workshop on Theoretical Nuclear Structure Physics, Tuscon, 

1980, sd. B. R. Barrett and K. Sage (University of Arizona, Tucson, 

1980) p. 44. 

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

Evaluation of Feynman-Coldstone Diagrams in an Angular Momentum 

Coupled Representation. 

Proc. Int. Workshop in Theoretical Nuclear Structure Physics, 

Tucson, 1980, ed. B. R. Barrett and K. Sage (University of Arizona, 

Tucson, 1980), p. 12. 
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11. T. T. S. Kuo, J. Sburpia, X. C. T « , E. Otnes and P. J. Ellis. 
Goldstone Diagrams in an Angular Moaentua Coupled Representation. 
Proc. Irx. Conf. on Nuclear Physics, Berkely, 1980, vol. 1 
(Lawrence Berkeley Laboratory, Berkeley, 1980), p. 22. 
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