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I 

I 1HTR00UCTI0H 

The experimental activities of the nuclear physici group have In 1983 as 
in the previous years mainly been centered around the cyclotron labora
tory with the SCANDITRONIX HC-35 cyclotron. The accelerator has been in 
extensive use during the yesr for low-energy nuclesr physics experimenta. 
In addition it is used regularly for production of radionuclides for 
nuclear medicine, and it has been used for experiments in nuclear chemis
try and for corrosion and wear studies. 

The NORD-10 computer and the connected data acquisition system have been 
expanded during the year. A magnetic disk, a video hard-copy unit and a 
new ADC-scanner have been implemented. A total of twelve ADCs and one TDC 
are now interfaced in the system. The acquisition system is considered as 
a feature of the laboratory and is in extensive use for data accumulation 
and handling. The lack of computer capacity stresses, however, th>* need 
for a new computer. 

Host of the nuclear experiments during the year have been connected with 
the study of nuclear structure at high temperature. Experiments with the 3 He beam have given very interesting results. This field of research 
seems to be well adapted both to the performance of the accelerator 
itself and to the peripheral instrumentation including the on-line com
puter system. Theoretical studies have continued in the same field, and 
there has been a fruitful and inspiring cooperation between experimental 
and theoretical physicists. 

During the year one candidate has defended his thesis for the Dr.Philos, 
degree and five students have conpleted their graduate work on nuclear 
physics projects at the cyclotron. One Dr.Scient. student and one graduate 
student are now in progress with experimental work in the same field, 
whereas two students are in progress with graduate work in theoretical 
nuclear physics. In addition one student has completed graduate work in 
data technique and instrumentation, and four graduate students -.re in 
progress with master theses in this field in the cyclotron laboratory. 
The new installations obviously have stimulated the interest for nuclear 
physics and related techniques amongst the students. The instrumentation 
in the laboratory has made it possible to educate students in fields of 
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physics fro» which they otherwise would have been excluded. The cyclotron 
thus has proved to be a valuable tool in education as well as in research 
work. 

With the saall experimental group working in the cyclotron laboratory, an 
extensive use of the equipment ia difficult. However, close cooperation 
with experiaental physicists from other universities and regular visits 
fro» thea, especially froa the University of Bergen and the University of 
Jyvaskyla", has ude it possible to Maintain a high activity in the labora
tory. Experiments have been going on nearly continuously, also during 
nights and often during weekends whenever the machine has been operable, 
stops for set up of experimental arrangements excepted. 

Host of the experiments are performed as joint projects where physicists 
from two or three Nordic universities take part. Some of the experiments 
have heen supplements to or extensions of experiments performed at other 
Nordic laboratories, but an increasing number have their own merits. 

After four years of operation the cyclotron is still the newest nuclear 
accelerator in Scandinavia. The available beam energies (protons and 
alpha-particles to 35 MeV and He-particles up to 48 MeV) make it an 
excellent tool for studies of highly excited low-spin states. The well 
developed on-line computer system has added to its usefulness. 

To ensure the diversity of the work it has, however, also been necessary 
to continue our activities in some laboratories whirh have accelerators 
and instrumentation suitable for study of other problems. Thus we have 
maintained contact with the Niels Bohr Tandem Accelerator Laboratory at 
Fisii and also take part in experiments at the Hahn-Heitner Institute in 
Berlin and at the Daresbury Laboratory in Cheshire, U.K. To establish a 
basis for future participation in the field of nuclear physics we have 
also involved ourselves in discussion about plans for new accelerators in 
Sweden and Finland. 

As a part of the program for the application of the cyclotron in other 
fields, regular production of Rb'"-generators has continued. The genera
tors are delivered to hospitals in the Oslo-area for use in lung venti
lation studies. Within the frame of the same program a study of material 
wear in hydraulic motors is carn'pd through, and some progress is made 
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with a project for element analysis by means of particle induced nuclear 
reactions. Due <o lack of financial support the program for applied use 
of the cyclotron terminated at the end of 1983. 

Soae of the ambers of the nuclear physics group have continued their 
participation in solar energy research. The study of solar heating tyste* 
for sull houaes has continued. Considerable effort haa been put into 
attempts to simplify the heat storage and distribution systems. In that 
connection simulating and analyzing programs for heating systems in 
various types of houses are developed. A close and fruitful cooperation 
on problems and instrumentation related to handling of data in solar 
energy studies and in nuclear physics experiments is established. 

The development sketched above would not have been possible without the 
continued support from the Norwegian Research Council for Science and 
Humanities (NAVF). Our activity at other laboratories has been funded by 
the Nordic Committee for Accelerator-Based Research (NOAC). Indeed, the 
NOAC-fnnd, although relatively small, has made the collective use of the 
various resources available in Scandinavian accelerator laboratories more 
pfficient. Further, we are grateful to the Nordic Institute of Theo
retical Atomic Physics (NORDITA) for support in tprms of travel grants to 
guest lecturers visiting Oslo and to members of th" group visiting Copen
hagen. The work in solar energy research has been made possible by support 
from the Royal Norwegian Council for Scientific and Industrial Research 
(NTNF). 

On the personnel side we would like to thank our chief pngineer, 
F..A. Olsen, for his untiring and persistent efforts to keep the cyclotron 
and other equipment in operation. Further, the invaluable work of B. 
Skaali and J. Wikn» on the computer and data acquisition system is highly 
appreciated. 

Thp participation of physicists from Bergen and from other Scandinavian 
laboratories has served as a most valuable increase of manpower at the 
cyclotron laboratory and has helped us to exploit the capacity of the 
machine far beyond the ability of our own small group. We would like to 
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thank our col leatea for their enthuaiaitic collaboration and for their 
patience and polite tolerance during all the probleaa vhtch unavoidably 
ariae with large Installation*. 

Blindern, April 1984 

Trygve Holtebekk 
Leader of Nuclear Phyaica Group 
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PERSONNEL 

2.1 Research Staff 

Olav Aspelund (Government scholar-

ship holder) 

Tor BJsrniitad (NAVF) 

Torgeir Engeland 

Ivar Espe 

Ole Kristoffer Gj#ttt rud 

Magne Guttormsen (NAVF) 

Adolfo Henriquez (until Oct. 1) 

Trygve Holtebekk (Group Leader) 

Finn Ingebretsen 

Sveia Ketielt 

Harl Hehlen 

Eivind Oanes 

Tore Raanøy (froa Ort. 

John Rekstad 

Jon Skjeret (NTNF)" 

Anders Storruste 

Roald Tangen (Prof. 

Per Olav Tja» 

Jon Wlkne 

.** 

12) 

fr.) 

2.2 Technical Staff 

Eivind Atle Olsen 

Agnes Kunszenti (from March 20) 

Arnfinn Ruud (NAVF) 

2.1 Visiting Scientists 

G.C. de Guzman, State University of New York, Stony Brook, USA 

(Jan. 15 - July 15) 

T.T.S. Kuo, State University of New York, Stony Brook, USA (NORMTA 

visiting professor Jan. I - June 30) 

Z.Y. Ma, State University of New York, Stony Brook, USA, and Insti

tute of Atomic F.nergy, Beijing, PR China (Jan. 1 - June 30) 

2.4 Students 

As of December 31, 118.3, 9 graduate students (for the degree of rand, 

scient.) and 1 doctoral student (for the degree of dr.sripnt.) were 

associated with the group. One tAKSTE summer student worked with the 

group in Aug./Sept. 

NAVF: Norwegian Research Council for Science and Humanities 

NTNF: Royal Norwegian Council for Scientific and Industrial Research 
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3 TRE CYCLOTRON 

3.1 Operation and Maintenance 

T. Holtebekk, S. Keaaelt and E. A. Olaen 

The use of the cyclotron is based on a 5-day weekly operation schedule 
with optional night runs and week-end runs when required. Maintenance, 
work on new instillations, developments and experimental setups are 
usually perforated during ordinary working houra. During the year the 
cyclotron has been in operation 135 days with a totsl ion source running 
tiaw of 1020 hours. 

The beast has mainly heen used for experiawnts in nuclear physics. In 
addition 40 runs on experiments related to radionuclide production, 
totalling SO hourf ion source running, 10 runs for Material testing (23 
hours) and 8 runs for nuclear chemistry (18 hours) have been made. 

There has been a four week stop period due to difficulties with the 
cooling of the cyclotron. A considerable sedimentation in the cooling 
channels hindered the water flow. The entire system was therefore flushed 
with an acid mixture, NM-50, delivered from Certified Laboratories, UK. 
There have in addition been some short stop periods for minor repairs, 
and stop periods in January, August and December for regular service and 
mai ntenance. 

Thp activity in the laboratory in 1983 is distributed in the various 
fields as follows: 

Nuclear physics experiments 
Radionuclide production 
Material testing 
Nuclear chemistry 
Unscheduled maintenance 
Routine maintenance 
New installations 
Experimental setup, equipment tests 

Days % 
77 M 

40 13 
10 3 

8 3 

35 11 

35 II 

5 2 

25 B 
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1-2 Be»» Pul ting 
S. Heitelt 

The ion source pulling systea has been tested by «enuring gassu-rsys 
fro» sow nuclei with half-llies in the Billisecond region. The gssau-rays 
were detected by a Ce(LI) detector and the energies and tiae dependences 
(aeasured with a TOC) were recorded on tape. The results for the half-
lives of the 2 8 P ground state, the isoaeric 1* state in 2 4A1 and the 1* 

24 state in Na sre in very good agreement with the values given in the 
1 literature. The systea is described in a separate report . 

A fast external pulse selection systea was rrady to be tested in the 
rail, but due to soae probleas with the cyclotron, beaa testing has been 
postponed to spring 1984. The electrostotic deflection systea is siailtr 

2) to the University of Colorado installation . The two deflector plates 
are diode-clamped together with the RF grounded plate and are free to 
float to a DC voltage equal to the peak RF voltage. With this systea the 
bean pulses will pass undeflected when the potential difference V 
between the plates, and also dV/dt, are zero. Precise phase control of 
the deflector plate RF voltage relative to the transmitted beam burst is 
therefore not required since a slight phase shift only causes a second 
order effect in the transmitted beam direction. 

The inductor in the resonant output circuit can be easily replaced to 
cover different frequency ranges. The first inductor to be tested can be 
tuned from 4.5 MHz to 5.8 MHz corresponding to 222 ns to 172 ns between 
beam bursts. With a frequency division of 3 or 4 this covers almost all 
particle beams and energies for our cyclotron as shown in table 1. 

Table 1. Energy ranges in MeV for inductor 1 
Time separation 222 ns to 172 ns 

Freq. ratio 1 : 3 1 : 4 
E(p) 10 - 16.5 18 - 30 
E(d) 3 - 8.25 9 - 14.5 
E(3He) N=2 7.5 - 12 13 - 22 

H=l 30 - >47 
E(4He) 10 - 16 17.5 - 29.5 



a 

1) S. He«*elt. Report (3-28. Institute of Phytic*. University of Oslo. 
2) H.H. Wleaun and L.A. Erb, Hurl. Inatr. Helb. 142 (1977) 571. 

3.3 Cjpc tot ron, Cathodes 
R. Tangen and E.A. Olien 

In the original version of the cyclotron inn source the I.aB, cathodes 
were aounted Ir a tantalum cup, whi'h had to be renewed at every change 
of the cathode. As this was expensive and timp-consuming, we have changed 
to soldering the cathodes to their tantalum base with HoSi. powder. In 
this case each tantalum base can he used a great number of times. 

It has turned out that to get a strong welding it is necessary to apply 
pressure to the LaB, cathode, and also to have a safe control of the 
melting of the MoSi. at about 1750 C. A simple method for these aims has 
heen developed. 

The arrangement in the vacuum rhamhre is shown in fig. 1.1. F.lpctron beam 
heating is used. The tantalum base is A. A drop of a slurry of MoSi. 
powder in methylglycolacetate is plared on the top of the base where, 
when dried, it forms a convex surface with a thickness of well above 
0,5 mm. The I.aB, cathode B is balanced on the MoSi,, thpn the tantalum 
shield 2 is rotated in place, and the tungsten pii C with the wpight E 
is carefully set down on the cathode. The tungsten pin is guided hy an 
arm with an insulating head D. 

-4 After closing the vacuum chamber and evacuating to 10 mm Hg or better, 
high voltage from a short circuit secured source and filament current 
is turned on, and thp temperature of the cathode is slowly increased. Thp 
cathode is observed through a coloured glass. It is pasy to see when the 
MoSi, melts, because the cathode suddenly sinks down to the base when 
this happens, in our case at a filament power of about 200 W. In thp same 
moment as this happens the filament power should hp raised by 10-40 W and 
kept there for 10-15 s. Thpn the process is finished. The criterion for a 
good result is chat during these last 10-15 s a shining stripe of molten 
HoSi, is formed round thp contact line between T.aB, and Ta hasp, indica
ting good moistening of the I.aB, by moltpn MoSi . The highest temperature 
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•uti not be kept looter, because the HoSi. disappears by evap'ration 

diffusion into the laB, 

Mo8l2 

70fl«M*ffM 

Tantal ahlald3 

Tantal shiaM 2 

3iW-fllanM»rrt,a7mrnØ 
A thofHtad 

Tantal ahWdl 

I—0-2OOOV 

Fig. 3.1. Sketch of the welding arrangement. 

Not to scale. 

1) R. Tangen, Annual Report 1983, p. 16, Report 83-19, Institute of 

Physics, University of Oslo. 
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4 DATA ACQUISITION SYSTEM 

*.l Cgaputer and Data Acquiaitton Hardware 

4.1.1 Coa^uteragd^dataacguiaitioDcoofl|urat|oo 

The data acquiaition ayatea ia baaed on a atniroaputer with the CAHAC 
interface atandard. The configuration ia: 

NORD-10.S coaputer with: 
SINTRAN III operating aystea 
448 Kb memory 
2 10 Mb disk drives 
1 floppy disk drive, single aide/density 
2 HT units, 7*> IPS, 800/1600 BPI 
1 CALC0MP plotter 
1 Texas Instruments Omni-ROO printer 
2 interartive work stntinns, each with: 

a) "DICO" video colour display, R colours, 
184 lines each with 2KB pixels, display 
controller and video memory in CAMAC. 
Another CAMAt module is used for cursor 
(generation and colour transposition from 
8 to 6096 possible colours. 

b) CRT terminal 
I Tektronix 4nl2 video 'lard copy unit 
1 HORDNET to ND-SOO computer, 2400 hand 
6 terminals 
1 CAMAC crates 
10 ADCs interfaced via CAMAC, controlled in multiparameter 

mode by an ADC scanner module. 

4.1.2 TheJ10RD: lOComDijtcr 

A. Kunszenti, B. Skaali, .1. Wikne 

The computer confiRiir.it ion has not changed during thr year. Some problems 
have been encountered with the magnetic tape stations, otherwise the 
system has heen virtually Free from errors. 

http://confiRiir.it
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A general problem at the laboratory is rather frequent line voltage 
swings, typically between 100 and 500 volts for a few line periods. Sow 
of these drops ar.- caused by the switching of accelerator power supplies, 
but aeasureaents also show unstabititles of the maia* voltage not caused 
by act i vi tie* at the laboratory. These vol tag; drops cause termination of 
any active data acquisition, and aay also induce corruption of the coaj-
puter programs due to electrical level shifts in the CAHAC hardware. A 
power fail signal fro» one of the CAHAC cratea is used to block any 
roaputer I/O transfer during the critical period. This Bodification has 
reduced the number of fatal errors, but the situation is still not satis
factory. A separate stabilized power supply for the coaputer and instru
mentation hardware is considered. 

Two rursor generating aoduleB for the graphic systea were installed in 
1983. Software for these units is now under development. 

A.1.1 Data acquisition hardware 

F. Ingehretsen, K. Holt, G. Midttun, B. Skaali, .1. Wikne 

A new version of the ADC scannpr has bpen installed. An fl-channel TDC 
(Timp-to-DiRi tal Cnnverlpr) modiilp has bppn added to the acquisition 

, 1.2) system 

1) G. Midttun, F. Tnj>cbretspn, K. Holt, R. Skaali, A fast ADC scanner 
for multiparamptpr nurJpar physics pxprriropnts. Report 8.1-1%, 
Institute of Physics, University of Oslo. 

2) G. Midttun, F. InRpbrptsen, K. Holt, R. Skaali, A fast ADC scanner 
for mul t iparametcr nuclear physics pxperiments, TF.F.R Trans, on 
Nuclear Science, Vol. NS-30, 19R3, p. 3852. 
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4 2 Data Acquisition Software 

4.2.1 DitaacguiaitionDrograu 

F. Ingebretien, B. Skiali and students L. Ihler, F. Sørensen 

The data acquiaition prograaa HDAS ' and SHIVA 2 , 3' have been further 

expanded and refined during 1983. SHIVA ia the am in prograa systea at the 

laboratory» and handles singles and aultiparaaeter data acquisition and 

off-line data sorting. The general layout of the SHIVA aystea is shown in 

fig. 4.1. 

C O M M O N BLOCK t PROORAM C O M M U N I C A T I O N 

TOW <• Trtntfomwlion Ol Nuclur Ewrtl 

Q 
MIA 
KO 

NMD-

H=* H = ) 

*mm 

«u 

M M 
ITDMNI 
•ama 

M M 
ITDMNI 
•ama 

M M 
ITDMNI 
•ama 

M U S 

•aTJKRn 

MM ' i 
M U S 

•aTJKRn 

MM 

Fig. 4.1. Structure of the SHTVA data acquisition system. 

Currently two students are working on extensions of the TONE compiler and 

the SHIVA program. TONE generates the code which sorts the multiparameter 

data, the new version will include definition of external spectra on mass 

storage and facilities for call of arithmetic library functions. The new 

version of SHIVA supports these features, and the inclusion of a big 

virtual spectrum area on disk will greatly improve the capabilities of 

the program system. 
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The faci l i t iea of the TONE concept ia illuatratcd in fie- 4 .2 , which 
ahova particle identification by aeana of an eapirical range-function for 
calculation of the apparent dE-detector thickness. 

SHIVA -RrUngtodw UBW-tf-IEill 
ExpviMnti 8M • «tyl», K NrV, » * g 

Sptcl RANGE 

Ju. 

Mpt» 

•+-
28e 4ée 6M see ieee 1288 MW Q» 

Fig. 4.2. Particle identification spectrum generated by a TONE program. 

1) B. Skaali, NDAS System Documentation, 
Report 83-14, Institute of Physics, University of Oslo 

2) B. Skaali, SHIVA Users Guide, internal report 1983 

3) B. Skaali, A. Haugen, F. Ingebretsen, G. Midttun, SHIVA -
a multitask data acquisition system for the Oslo Cyclotron Lab, 
IEEE Trans, on Nuclear Science, Vol. NS-30, 1983, p. 3947. 
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4. 3 Data Analyst» Software 

Thr fol lowing program have been developed for data analysis: 

NSPF.CT 
Ce(Li)-spertrua aanipulalion progra». Fast peak search, peak rentroid and 
area estimation directly fro» observed data. FORTRAN-77. 

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

SPF.C-STRIP 
Off-line NaT and particle detector spectrum unfolding prograai. Present 
vrrsion limited to 64 channel spectrum. Interactive, uses DICO display 
system. FORTRAN-77. 

STACAFOLDET) 
Calculation of decay probabilities from Fprmi gas assumptions. Outputs 
unfolded and folded NaT-spectra with the use of response fiinrtions in 
program SPEC-STRIP. FORTRAN-77. Locally developed graphics library. 

FIGEfiA 
Calculates first generation gamma-ray spectra from particle-gamma experi
ments. Input is coincident gamma sppctra with NaI-detertors from different 
excitation intervals. FORTRAN-77. Locally developed libraries for graphics, 
command processing, magnetic tape handling. 

TRANSMISSION 
Calculates efficiency of mini-orange electron spectrometer. Graphics on 
Tektronix terminal. FORTRAN-77. Locally developed library for graphics. 
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S NUCLEAR INSTRUHRHTATION AT THE CYCLOTRON LABORATORY 

5.1 Laboratory Equipment 

F. Ingebretaen 

The funds for the inatriwentation program arr Halted, and much tiae and 
efforts arc spent by the staff members in the search for cost ainiaized 
or locally designed equipment. A new gamma table and target chaaber have 
heen in operation, and the most elaborate experiaenls have included all 
available equipment in operation. 

This year, the upgrading has been concentrated on the fast electronic and 
digital data aquisition side. The integrated Scanner/ADC system comprizes 
ten ADC's, one eight channel time-to-digit converter, and one sixteen bit 
pattern unit. Three ADC's can be four-fold multiplexed. 

Fourteen spectroscopy amplifiers and twelve timing filter amplifiers are 
used. Furthermore, 2 l,ecroy 308 A 32-inpnt multiplicity units, 3 Lecroy 
465 4-fold coincidence units and 2 Lecroy 365 A 4-fold logic units are 
available for efficient coincidence logic setups. In particular, the new 
Octal Logic Delay Line (see paragraph 5.2.2) has been extremely useful in 
the rather complicated fast logic signal processing. 

5.2 F.lectronic Signal Processing 

5.2.1 Theguad pile;Ug_rejection_module 

J. Wikne and F. Ingebretspn 

A single-width N1M module for pile-up (amplifier sum) rejection in accor
dance with the method described in last years Annual Report is present
ly being designed. 

A functional block diagram of one of the four identical circuits that 
constitute the module is shown in fig. 5.1. 

The outputs are open-rol lector TTI., facilitating a wirp-or function of 
multiple channels. 
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n S£ H«^J—> 

Fig. 5.1. Pile-up rejection functional block diagram. 

The rirrnitry, which applies loRic circuits in hoth the T.C.l. and the TTI. 
families, has heen designed and tested. A complete prototype will he 
hui 11 .is snon as the ci rrtii t-hoard l.-iynnt is ready. 

!) F. Ingohrelscn and J. Wikne, Annual Report I0B2, Report (H-19, 
p. 12, Institute of Physics, University nf (Isln. 

S.2.2 Tt!?.2i"l2l_iogic_NIH_de2ax_l ine 

.1. Wikne 

Tli." prototype of the continuously adjiist.lMr InRi'r NIM delay modnlr 
became operative in June 118:1, nod wits lefited with very sal i si actory 
rfRiil I s 

Currrnl ly thrrr moditlrR hnvr h e m Imi It and nrr in nsn at I hr Cyclotron 
laboratory, wherr thoy have fully prnvrd Hir i r versatility. 

Il should hr nntrd, however, 1 hat an net m l doubling of the pricr of I lir 
V.CA, ci rniit MCI0198 t of whi rh R \ xt rrn nrr rise! for each mndnlr T makes 
this a 11 rrnntivr to cable del ay;: less enst v f I rel ivr I linn or i g i na I Iy 
fntrndrd. 

The final trchnieal specifications of t hr insl rnmrnt n r r s — 
Number of drlny rhanno IR: 8 
St gna I I r vol R : I.og i c NIM 
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Inputs: Negative pulies (P), taplitude >0.6 V, UNO contact*, 

lapedance: SO 0. 

Active edge: *. 

Minima pulie duration: 2 ns. 

External power, banana socket» rear panel, atrap aelectable. 

Output»: Delayed negative (Q) and positive (Q negate) pulses, 

tap)itude >0.7 V, IEH0 contacts. 

(Hay be reconfigured to becone two 0 or two Q negate 

outputs). 

Delay continuously variable: 30 ns - 320 ns. 

Stability: t 1% 0.5 ns. 

Width continuously variable: 15 ns - 170 ns. 

Stability: ± 1% 0.5 ns. 

(Hay be changed if desired - see table in circuit diagram.) 

Fan-out: > 2 50 0 loads. 

Front panel multi turn trimmer-pot controls: Delay. 

Width (duration). 

Power requirements: ±6 V +20 %, ±1500 mA (typical), +2000 mA (maximum). 

Dimensions: Single width (1/12 hin width) N1M standard module, 

180 x 222 x 35 mm. 

1) J. Wikne, Annual Report 1982, Report 83-19, Institute of Physics, 

University of Oslo, p. 14 

2) J. Wikne, Report 83-39, Institute of Physics, University of Oslo. 

5.3 Spectrometers 

5.3.1 A_i?rge_anti;compton_Na|_detector 

M. Guttormsen, F. Tngehretsen, S. Hesselt, T. Ramsøy and J. Rekstad 

A large NaI(T£) detector (manufactured by Harshaw Chemic BV, Holland) has 

heen mounted at one external beam line of the Oslo cyclotron. The anti-

coropton spectrometer is cylindrical with a length of 300 mm and a diameter 

of 280 mm. The y-ray window is located perpendicular to the symmetry 

axis. Parallel to this axis, out exrentrir, the plug-detector can be 

inserted into the ant' compton shield. The NaI(T£) crystal is divided in 
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two optically separated parti - each equipped with two photoaultlplier 
tubes. The anode pulae is taken via three Darlington eaitter followers. 

o 
(J 

without compton 
suppression 

L M , L * J 4 U J 

^ J M J " ,/M*^JJLNUJJ 

with complon 
suppression 

- ^ ^ ^ » J * * + - « A A * A J L * J W ^ ^ 
300 

ENERGY (keV) 

Fig. 5.2. Gamma-ray spectra with and without compton suppression. 
39 MeV was used. The , 5 6Gd( 3He,4n) 1 5 5Dy reaction with K 

Long-nosed Ge(Li) detectors as well as Nal detectors (7.6 x 7.6 cm) can 
be applied as plug-detectors. In fig. 5.2. we show the results obtained 
from the 1 5 6Gd( 3He,4n) 1 5 5Dy reaction using a 18 % Ge(Li) counter as 
plug-detector. The two spectra have been measured with equal amounts of 
He on the target. The compton background is seen to be reduced with R0 % 
by requiring that the shield is not giving a signal in coincidence with 
the Ge(Li) counter. The veto pulse from the shield had a width of 200 ns 
in order to ensure overlaps with the Ge(Li) pulses - even in cases of 
large time-walk. 
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In our particle-gamma studies with the reaction» Dy( 3He,cf) I 6 3Dy, 
l 6 3Dy(<».|>y) 1 6 40y «id 1 6 3 D y ( d , t y ) , 6 2 D y a Nal plug detector was uaed. With 
the anti-coapton requirement this detector gave reliable continuua y-ray 
spectra, which is of great importance in the investigations of the y-decay 
at high nuclear temperature. 

5.3.2 A_;ye?rconducUng_eJectron_spectros>eter 
* * * * 

H. Guttormsen, H. Hiibel , A v. Grumbkow , V.K. Agarwal , J. Recht , 
K.H. Haier , M. KLuge , A. Haj , H. Menningen and H. Roy 

An plprtronspprtrompter based on a supprconducting solenoid as electron 
transportpr was built and testpd at thp Bonn cyclotron. In 19&2 the 
spectrometer was installed on a beam line of the VICKS1 accelerator 
facility at HMT, Berlin. In the past the instrument has been used in 
several experimental set-ups. This has given positive experience on its 
rapahility in ronvension electron spectroscopy. 

Figure S.I shows a sectional view of the solenoid with thr liquid helium 
reservo i r. The ryiindri cal vacuum rhamber, in which electrons spira 1 
along the magnet ic field lines, has an inner diameter of fi") mm and a 
length of fi'in mm. The inner and outer roils ran bp powered separately. Ry 
using vari ons combi nat ions a variety of field prof i Ies ran be arh ieved. 
At the maximum current of 62 A in both roils a homogeneous field (AR/R < 

3 %) of 2 tesla is prodnred inside the solenoid. 

Our of the greatest advontagr-s with the present construction is the Inrgr 
spnee ava i 1 able ins i de the poleno i d. Herr, various ha fftc-systems and 
detertor arrangements can be mounted. So far we have measured besides 
elertron singles, r 1ectron-olertron, el ertron-gammn and electron-alpha 

Kper 
4) 

1-3) coincidences. Details on some experiments are given in refs. and the 
spectrometer is described in ref. 
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Fig. 5.3. The superconducting solenoid with liquid helium reservoir. 

1) M. Guttormsen et al., Nurl . Phys. A398 (1983) 119 
2) H. Guttormsen et al., Z. Phys. A312 (1981) lr>r> 
3) H. HUbel et al., Z. Phys. A31A (1983) 89 
It) H. Guttormsen et al., suhmitted to Nurl. Instr. and Methods. 

Inst. f. Strahlen- iind Kernphysik, UnivprsitSt Bonn, W. Germany 
Hahn-Meitner-Intitut fiir Kernforsrhung, Berlin, W. Germany. 
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5.4 Target Production 
R. Tangen 

Production of targets of rare earth aetata has continued, following the 
aethods described in the 1982 Annual Report . A stock of raw auterlal 
for rolling the different isotopes has been produced. Target foils are 
rolled when they are required. After a seties of failures of the puaping 
systea we have turned to storing of tsrgets and raw aaterial in a box 
with an ataosphere of argon. With 99.997 % argon which is quite chesp, it 
is easy to aaintain for months an ataosphere in the storing box with 
0.1 bar overpressure and an oxygen partial pressure saaller than 
10~* mat Hg. 

1) R. Tangen, Annual Report 1982, Report 83-19, Institute of Physics, 
University of Oslo, p. 15. 



zz 

6 EXPERIMENTAL NUCLEAR PHYSIO. 

The experimental work in the cyclotron laboratory has been concentrated 
on the itudy of nuclear structure at low spin and over a wide range of 
excitation energy. We have so far studied rare earth nuclei, fro» 2 HeV 
to 40 HeV of excitation. 

Experimental techniques have been developed to study the decay process 
fron various excitation regions, and methods have been worked out to 
extract information from y-radialion as well as neutron emission as a 
function of excitation energy. 

Our aim is to study the physical properties characterizing a system of 
nucleons in incoherent motion which we associate with the concept tempe
rature. Excited to a few HeV above the YRAST line the nuclear level 
density becomes so large that one is hound to describe the system in 
terms of statistical models. Applied to the nucleus, such models seem 
quite unrealistic. The Fermi gas model is essentially a description of a 
system of non-interacting particles, obviously quite different from our 
picture of the nucleus. Furthermore, the number of particles in the 
nucleus is very low for a statistical description. While the solid state 
physicists operate with systems of at least 10 particles, the nuclear 
system contains from a few to a couple of hundred nucleons. We hope that 
tue nucleus might be an interesting object for microscopical studies of 
how statistical properties Hevelope with increasing particle number. 

One expects from quite gener.nl arguments that the nucleus as a limited 
many-body system will exhibit interesting physical behaviour when heated 
up. The siiperfluid state at low energy must undergo a phase transition 
(of second order) into a normal phase. The anharmonir terms in the nuclear 
force indicate that from a certain energy or temperature, the single 
particle motion in the nucleus has to change character from regular 
orbits to irregular motion, a state which we by a popular phrase denote 
as chaos. 

The real challenge in our work is therefore to rtisrover how such basic 
changes in the nuclear structure are revealed in experimental data. 

http://gener.nl
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The rootr<hut Ion* *lven in «uhiert. 6.1 rrprr«i>nl different approaches to 
these fundamental prohlrac. 

Also the work on high-spin «tales and delayed proton ealsalnn ha* ron-
linned this year (see Kuhserts. 6.2 and 6.1). The high-spin experiment* 
have heen carried out at foreign laboratories where heavy-ion beam* are 
available. The « i n topic of this researrh is the behaviour of nuclei 
exposed to rapid rotation. In particular, single-particle -trurtures am, 
pairing-correlations have been studied as fiinrtion of rotations! frequency. 
This field is in strong development and powerful detector-system with 
rompI on-suppressed Ge-detertors are now emerging. 

6,1 Properties of Nuclei at High Temperatures 

6.1.1 Atheoreticalanalysisof_$lH?j02_strength_functions 

B. Nordmoen, .1. Rekstad and A. Henrique/ 

In the last annual report strength functions for the three reactions 
,'56rid(',H,e,iO,55Gd>

 , 5 7Gd(' ,n ,e,o) , 5 6Gd and l 7 ,Yb( 1He,<j) , 7 0Yb were presented. 
They looked all very similar, wit! a prominent peak at low energy and a 
continuum spectrum above. The ain of this analysis is to derrihe the 
overall structure in these spectra in terms of the single-hole strength 
available according to the nuclear shell model. 

For the detailed analysis, the ' Gd('He,n) fid reaction at an angle of 
60 was chosen. The theoretical cross section is given by 

^ (8) = 2N(C^V f i) 2 oJff9)/(2j + 1) , 

where {T.„(0) is ca|-lated by means of DWIICK. For the normalization 
2) factor N we used the value 20 fref. ]. The nuclear structure factor 

(CV.V 0) is calculated in the particle-rotor model''. In this calculation 

we used the following parameter values 

r. = 0.25 . r., = - 0.05 , A = 1050 keV , R 2/2J = 17 keV. * 4 

The single particle potential parameters used are given in table 1. We 
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Table I. Optiral-aodrl parameter» 

Partirlr rR I 'I 'I 
(HeV) (f>) <f«) (HeV) (fa) ((•) 

He 156.0 1.20 0./2 40.0 1.43 0.84 
n 168.7 1.37 0.51/ 21.6 1.378 0.51/ 
n a) 1.25 0.65 

a) Adjusted to fit the neutron separation energy for earh particular 
I eve 1. 

used the full theoretical Coriolis coupling strength in the calculations. 
The result is shown in fig. 6.1, where the differential cross section for 
each state is represented by the height of the corresponding column in 
the histogram. 

3 wo 
3. 
"a 
.3) 
•o SO 

1 5 6 Gd( 3 He.a) ' 5 5 Gd 
E3 H e=26MeV.9=60° 

e 10 12 

EXCITATION ENERGY (MeV) 

Fig. 6.1.Differential cross section at 60° for all states below 14 HeV of 
excitation as calculated by means of the particle-rotor model. 
Only states corresponding to crosr; "ections higher than 5 \lb/ar 

are included in the figure. 
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The dating effect! «re taken Into arroiint by aultlplylng the croti 
sert ion for each Individual state v with a Lorentz factor 

P (E) = l I y . 
v 2 " (R - E V ) 2 + (\ r y ) 2 

The width T has two contributions, the energy resolution of the tele

scope r " s = 300 keV, ana the danping width fjj = a E*. The total width 

is then 

'„ = K r " 8 ) 2 + <rJJ)2]* . 
In the analysis of the Gd nuclei a value for the daaping width parameter 
a = 0.1 Hev"1 (E < 6 HeV) gave the best fit to the data. For higher 

x -1 
excitation energies we used a constant value a = 3.6 HeV 

The gross structure of the spectrum is well reproduced as seen from 
fig. 6.2. Even the absolute cross section is accounted for. The calcula-3 tions show that the presence of the low-energy peak in all the ( He,a) 
spectra is a result of Coriolis coupling, and is a new demonstration of 
the importance of this effect for the structure of deformed nuclei 
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CALCULATED 9 » 60* 

EXCITATION ENERGY (MeV) 

Fig. 6.2.The cross sections from fig. 6.1 have been folded with a l.orentz 
distribution and are compared with the measured yield functions 
for the two Gd nuclei. The fid spectrum is shifted 2 HeV in 
energy. 

Figure 6.3 shows the result of an analysis of the strongest j-romponents 
contributing to the pick-up cross section, ft confirms the experience 
that the cross section at low energy is mainly due to P. = 5 and 6 
transfers. The !• = 5 strength is substantial up to 8-10 MeV, but it 
does r,ot play a major role in building up the total cross section in the 
whole energy region. Already at 3 HeV the model gives that approximately 
50 % of the cross section is due to i - 2 transfer. 
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Fig. 6.3.Contribution from the various ^-transfers to the total strength 

function. 

Although the total strength is well fitted by the calculations, we do not 

find evidence in the experimental data for the shell effects suggested by 

the theory (see subsect. 6.1.2). 

1) Annual Report 1982, Report 83-19, Institute of Physics, University 

of Oslo, p. 24 

2) See e.g. J. Rekstad et al., Nucl. Phys. A348 (1980) 93 

3) E. Osnes, J. Rekstad and O.K. Gjøtterud, Nucl. Phys. A253 (1975) 45 
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6.1.2 9;""*:rjY;_«j_«_probe_for_the_»gin_di;tribution_in 

traniferreactioni 

J. Rekatad, B. Nordaoen, A. Henriquez, F. Ingebretsen, S. Henelt, 

T.F. Thorsteinien and E. Haanrén 

The neutron hole strength functions for some rare earth nuclei, as ob-
3 1 

served in the ( He,a) reaction, were discussed in the last annual report 

It was concluded that for the projectile energies used in these experi

ments (26 MeV) the angular distributions did not give a unique determina

tion of the £-values for highly excited states. 

We have therefore suggested an alternative way to achieve inforaation 

about the spin distribution of the continuum based on a study of the 
3 

Y-decay of levels populated in the ( He,o) reaction. Provided that the 

statistical decay on the average does not change the spin of the nucleus, 

the spin population may be taken directly from the side feeding of the 

YRAST-levels. 

There are features in the decav which might reduce the accuracy 

of this method. The ( He,a) react i . known to strongly populate states 

associated with large spin projections K. Thus substantial life-time may 

appear due to the K-hindrance in the v-decay, presumably located in the 

two-quasiparticle region (~ 2 MeV exc). 

Furthermore, one must expect that a fraction of the statistical decay 

goes into levels in the 2 MeV region which belongs to rotational bands 

above the YRAST band. For some of these bands the decay along the band is 

not negligible compared to the decay out of the band into the YRAST band. 

This effect will reduce the spin of the nucleus before feeding the YRAST 

levels. 

In spite of these limitations of the method we expect that significant 

shell structures in the excitation region up to 8 MeV can be traced in 

the relative population of the YRAST levels from different excitation 

energies. 
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In this work we have studied the 1 S 7Gd( 3He,or) l 5 6Gd and l 7 IYb( 3He,o) , 7 0Yb 
reactions with 26 HeV boabarding energy. Four particle telescopes were 
put at forward angles (60°), and we aeasured coincidences between the 
particles and y-rsys detected in a 20 t Ce(ti). By putting gates in the 
particle spectra we could isolate y-rays originating fro» levels in 
different energy regions. The spin distributions were deduced trom the 
intensities of the YRAST transitions obtained in the various spectra. 

The neasured population probabilities of the YRAST levels for the nuclei 
Gd and YD are given in table 1. In fig. 6.4 the results for 156(!d 

Table 1. The population probability of YRAST states from different 
excitation energy regions in Gd and Yb. 

Nucleus Excitation energy (MeV) Population probability (%) 
1 = 4 1 = 6 1 = 8 

2 - 3 
3 - 4 
4 - 5 

1 7 0Yb 5 - 6 
6 - 7 
7 - 8 

2.4 - 3.3 
3.3 - 4.2 
4.2 - 5.1 

1 5 6Gd 5.1 - 6.0 
6.0 - 6.9 
6.9 - 7.8 

(open circles) are compared to the results of a schematic calculation 
based on a model described in sect. 6.1.1 in this report. We assume that 
the spin members of a multiplet j x Ifc e t = j-3/2,j-1/2, j+l/2,j+3/2 
(I = 3/2) are populated with equal cross sections. We also assume 
that each of these levels contributes to the population of the ground 
band according to the selection rule 

55(15) 40(5) -
47(10) 18(4) -
38(10) 18(4) -
40(10) 15(4) -
27(10) 21(4) -
37(10) 18(4) -

44(12) 23(7) 13(4) 
28(11) 20(7) 10(4) 
10(9) 15(7) 14(4) 
20(11) 22(8) 12(4) 
13(12) 33(9) 18(5) 
22(12) 15(10) 27(6) 
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I cen: All decay goes into the YRAST level with spin I 
I odd: The TOAST levels I y r a s t » I ± 1 are populated in equal 

amounts. 

2.4-3.3 MeV 

4.2-5.1 MsV 

6.0-6.9 MeV 

33-4.2 MtV 

J I L 
5,1-SOMtV 

• • • I M - i 
6.9-7.8 MeV 

0 2 4 6 8 (W 0 2 4 6 Bitt) 

YRAST LEVEL 

Fig. 6.4.A comparison between the observed and the calculated ppopulation 
of the YRAST levels in the decay from different excitation 
regions. Each spectrum is labelled with the corresponding excita
tion energy window. 

The model indicates a change in the population pattern with excitation 
energy, reflecting a change in the j-composition of the ( He,a) cross 
section. In the low-energy region the model gives a maximum population of 
the 6 state. The d,,, cross section contributing to the 5.1-6.0 MeV 

J/ £• ^ 

excitation interval gives a maximum feeding of the 2 state for this 
gate. For the highest excitation energies the U state is expected to be 
most strongly populated. 
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The experimental results deviate significantly fro» the calculated popu

lation patterns. Although the sun of the feeding to the 4*, 6* and 8* 

states is in general in agreeaent with the «odel, the distribution of the 

cross section is different. As pointed out above the nuclear structure 

effects night influence the correspondence between the populated spin 

distribution in the (He, or) reaction and the feeding of the ground band. 

However, these effects tend to reduce the nuclear spin before the popula

tion of the YRAST levels. The discrepancy between the measured population 

and the calculated one goes in the opposite direction. Therefore, these 

results indicate that the calculated spin distribution based on the 

particle-rotor model analysis gives too much cross section to low-spin 

transfer. 

1) Annual Report 1982, Report 83-19, Institute of Physics, University 

of Oslo, p. 24. 

** 
Institute of Physics, University of Bergen 

Department of Physics, University of Jyvaskyla, Finland. 
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6.1.3 Deep-lying vh,..,, hole states in Nd 

T. Ramsøy, J. Rekstad, A. Henriquez, F. Ingebretsen, M. Guttormsen, 

T.F. Thorsteinsen and E. Hammaren 

Knowledge of the fragmentation of the single-particle shell model states 

is of fundamental importance for the understanding of nuclear structure. 

In the present work we avoid the background problem which has complicated 

the extraction of spectroscopic information by observing vrays in coinci

dence with the scattered particles from the single-nucleon transfer 

reaction. 

In an effort to locate the missing h.. ,- strength we have studied hole 

states in 1 4 5Nd by the l 4 6Nd( 3He,^He) 1 4 5Nd reaction using the particle-

gamma coincidence technique. The nucleus Nd has three neutrons outside 

the N = 82 neutron gap and the single-particle hole states originate from 

dee 

1/2 

the n = 4 and 5 oscillator shells. The only available deep-lying 
ose 3 . 

structures with appreciable ( He,Tie) cross section are the hjj -2 states, 

which in general make Nd a favourable case in the search for h.jj/2 

strength. 
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The present experimental technique offer» new information on the y-decay 
paths of high-j states. Here discrete y-rays are aeasured with a Ge(Li) 
detector in coincidence with the a-particle detectors. 

In fig. 6.5 selected Ce(Li) spectra are shown with gates oo various 
a-particle energies. The decay of the 13/2 level at 1111 keV is dominated 
by the 454 keV and the 658 keV transitions. The decay of the 1802 keV 
state establishes the 11/2"(1802 keV) -» ll/2~(658 keV) -» 7/2" (g.s.) 
sequence as the only observed y-decay path of this level. 

The lower two spectra of fig. 6.5 show that the 658 keV transition plays 
an important role in the decay process of states above 3 MeV excitation 
energy. 

C«t»onl1M»YH3rt,l 

JIJL ii I L I I L U I I I I I I I I ii ul m i i 

Glteonl.8M.Vni/ri 

Wmlitll1"'"'- "•• 1 " 1 - *• . . . . . . - i - i - t - i * -

nu 

651 G»tton2.7M»VO/2»l 

nlllilwIinnLiJi iiLl 
CSS 0« leonl lM«V(1 l /J - ) 

, ..UJJIILLJMIISW JuUliuMli 1 J J J I J J . U L I . •» 

200 400 600 800 10b0 1200 
CHANNEl NUMBER 

Fig. 6.5.Gamma - ray spectra in coincidence with a-particles leading to 
" 5Nd. 

http://Glteonl.8M.Vni/ri
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The continuua part of the o-spectrua represents essentially the h,,,, 
states and states originating fro« the n o g c = A oscillator shell. By 
considering the gasau-spectra we conclude that the 658 keV transition 
collects most of its intensity fro» the h..., transfer, and it can be 

taken as a measure for this transfer strength . 

Information on the spectroscopic strength of the h,.,, states in the 
continuum can be extracted in two ways: 

Method 1: With gates on the O-spectrum corresponding to various excita-
145 tion energies E in Nd the coincident 658 keV y-line can be studied x — J 

in the Ge(Li) spectrum. The area of this peak divided by the (He, He) 
cross section at E is then proportional to the number of entry states 
decaying through the 11/2"(658 keV) level. 

Method 2: A coincidence a-spectrum is produced with a gate on the 658 keV 
v-line in the NaI(T£) detector. By subtracting the background an a-spec
trum is produced which is proportional to the number of entry states 
decaying through the 658 keV level. 

In fig. 6.6 the results obtained with the two methods are shown. The data 
are normalized to 100 % population for the 11/2" (1802 keV) level, and 
are shown as points (method 1) and histogram (method 2). The population 
is high around 1.8 MeV excitation energy due to the 1802 keV level. Just 
above this structure (E ~ 2.4 MeV) a strong reduction in spectroscopic 
strength is apparent. Above E ~ 3.2 MeV the population is surprisingly 
constant as a function of excitation energy. 
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EXCITATION ENERGY IMtV) 

Fig. 6.6.Experimental absolute population probability of the 11/2 (1802 
keV) level and observed h n / 2 single-particle strength S.„ 
as a function of excitation energy. The population probability 
is normalized to 100% at E ~ 1.8 MeV and is shown as data 
points (method 1) and histogram (method 2). The spectroscopic 
strength (dashed lines) i>s deduced by removing the Q-value 
dependence from the population probability (histogram). 

By applying a spectroscopic factor of S.„ = 1.9 ± 0.2 for the 11/2 (1802 
keV) level ' and removing the Q-value dependence from the observed 
population probability, we obtain the spectroscopic strength function 
shown as dashed lines in fig. 6.6. The function reveals a total strength 
of S.„ = 5.5 ± 1.0 located below the neutron evaporation energy (~5.8 

J* MeV). This value is only half the strength predicted from the sum rule 
12 S.z = 2j + 1 for the b-jj/o structure. 

Therefore the observed ^ n / 2 strength indicates a fragmentation to exci
tation energies above 5.8 MeV. This interpretation is supported by the 
fact that the strength function of fig. 6.6 shows no tendency to decrease 
with energy. 

The data indicate that only 50 % of the total h n / 2 strength is located 
below 5.8 MeV excitation energy. A proper theoretical explanation of such 
a strong spreading of h n / 2 single-particle strength would be of great 
interest. 
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1) T. Raas«y, J. Rekstad, A. Henriquez, F. Ingebretien, H. Guttorajen, 

E. Hanaarén and T.F. Thorsteinsen, Nucl Phys. A414 (1984) 269 

2) G. L»vh*iden, J.R. Lien, S. El-Kazzaz, J. Rekstad, C. Ellegaard, 

J. Bjerregaard, P. Knudsen and P. Kleinheinz. Nucl. Phys. A339 

(1980) 477. 

* 
Inst, of Physics, University of Bergen 

Department of Physics, University of Jyvaskyla, Finland. 

6.1.4 lhe.decay__fj-^jn__yie__twq-oluasi£article_regime_in_e 

rare_earth_riuclei 

J. Rekstad, A. Henriquez, F. Ingebretsen, M. Guttormsen, 

T.F. Thorsteinsen and E. Hammaren" 

We have used the reactions 1 7 1Yb( 3He,or) 1 7 0Yb and 1 6 1Dy( 3He,a) 1 6 0Dy to 

study the decay properties as a function of excitation energy employing 
1 2) 

particle-gamma coincidence methods ' . The experimental technique is 
2 3) 

described elsewhere ' . 

Figure 6.7 shows Nal spectra in coincidence with o-particles from the 

excitation region 0-8 MeV in the daughter nuclei Dy and Yb. The 

statistical decay dominates the spectra. In addition, we observe a promi

nent bump centered at 1.2 MeV with a width of 0.3 MeV. Figure 6.8 shows 

the same bump taken with a Ge(Li) detector. The Ge(Li) spectrum does not 

exhibit prominent descrete lines in the 1 MeV-region, but a bunching of 

unresolved lines is apparent. 

The present experimental technique allows us to study the bump as a 

function of excitation energy. In fig. 6.9 we show the unfolded Nal y-ray 

spectra in coincidence with the indicated gates on the Cf-spectra. The 

outstanding feature is that the bump appears with almost the same relative 

intensity in all the y-ray spectra from gates in the excitation region 

from 2.0 to 7.6 MeV. This indicates that the transitions constituting the 

bump originate, in the region of low excitation energy. 
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Fig. 6.7. Gamma-ray spectra from the „,v .... m . „. „ u u 

n i n , 3 „ 4„ ,170„ . . ' 
Yb( He, He) Yb pick-up reactions, detected with a Nal(Tl) 

Dy( He, He) Dy and 
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counter. The energy of the He beam was 26 MeV. 
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Fig. 6.8.Gamma-ray spectrum from the 171Yb(3He,'*He)170Yb reaction obtained 
with a Ge(Li) detector. 
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Fig. 6.9.Unfolded NaI(T£)-y-ray spectra coincident with TJe-particles 
from the indicated excitation energy regions in Yb. The un
folding method is not reliable for y-ray energies below 0.5 MeV. 

Angle between particle and Y - detectors 

Fig. 6.10. Angular correlations between He-particles and y-rays following 
the 1 7 1Yb( 3He, He) 1 7 0Yb reaction, normalized to the total 
amount of high-energy transitions (above 1.6 MeV). 
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The area of the buap if closely connected to the nuaber of populated 
levels within the corresponding gate. We find that each level populated 
in the ( He,a) reaction with excitation energy above 2 HeV contribute* to 
the buap with a probability larger than 85 X. 

The detector configuration aakes it possible to study the angular correla
tion bettftn the or-particles and the y-rays. The results are shown in 
fig. 6.10, where we coapare the intensities of the different parts of the 
y-ray spectrun for three different angles between particle and y-ray. The 
integral of the y-ray spectrum above 1.5 HeV is used as normalization, 
since this part is known to consist of dipole transitions. The angular 
dependence of the E2 YRAST transitions and the continuua is clearly 
different. The similarity between the angular correlations for the con
tinuum and the 1 MeV bump suggests that the bump is due to dipole radia
tion. 

All the experimental evidence available leads to the conclusion that the 
observed bump is due to y-ray transitions from the 1-2 MeV excitation 
region to the ground-state band and is the last step in the statistical 
cascade of dipole transitions. The fact that all these transition:! have 
approximately the same energy indicates a nearly fixed separation between 
the YRAST levels and the two-quasiparticle levels feeding them. The 
energy of the bump corresponds therefore to the average energy needed to 
break a pair of nucleons. 

1) J. Rekstad et al., Phys. Lett. 117B (1982) 384 
2) A. Henriquez et al., Phys. Lett. 130B (1983) 171. 
3) J. Rekstad et al., Physica Scripta Tb 1.1983) 45. 

* Institute of Physics, University of Bergen 
** Department of Physics, University of Jyvaskyla, Finland. 
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6.1.5 Nonstatijt ical_dec§j(_wilh__E =_2i2_Mey.in_'**Dy_jt_bigh 

teaper»ture 

M. Gut tomsen, J. Rekstad, A. Henriquez, F. Ingebretsen and 
T.F. Thorsteinsen 

The decay of nuclear states at high temperature is widely believed to 
follow statistical laws. In the present work we have searched for the 
excistence of nonstatistical cooling of nuclear matter. This has been 
done by choosing a reaction which should populate selective nuclear 
structures with particular decay modes. 

We have used the 1 6 2Dy( 3He,ay) 1 6 1Dy reaction with 26 HeV 3He-ions from 
the University of Oslo cyclotron. Four Si(Li) detectors, one Nal detector 
and one Ge(Li) detector were placed around target and o singles and cr-y 
coincidences were measured. 

Figure 6.11 displays the Nal y-ray spectrum obtained with gates on «-par
ticles corresponding to an excitation region of E = 2.6 - 6.5 HeV in 

161 * 
the final Dy nucleus. The spectrum clearly reveals a y-ray bump of 
E ~ 2.2 MeV. By unfolding the spectra with various gates on the O-spec-
trum, the evolution of the bump as function of excitation energy can be 
studied (see fig. 6.12). 

Recently, Chen and Leander have predicted that such bumps should pos
sibly appear due to enhanced Ml transitions between highly excited states 
with large components of single-particle structure. Since the present 
reaction favours deep-lying .tates with high-j one-hole components it 
would be interesting to investigate more closely the decay within members 
of the h. . spherical state. In fig. 6.13 the result of a particle-rotor 
model calculation is shown foi' the 7/2~[523], 9/2~[514] and ll/2~[505] 
Nilsson orbitals. The decay pattern was calculated with free neutron 
gyromagnetic factors and g R = 0.4. Indeed, the calculation predicts a 
bunch of y transitions centered around E ~ 2.1 MeV. It is probably 
these y-rays which contribute to the bump found in the cooling process of 

Dy. More details on this work can be found in ref. . 

1) Y.S. Chen and G.A. Leander, Phys. Rev. C26 (1982) 2607 
2) M. Guttormsen et al., Phys. Rev. Lett. 52 (1984) 102. 

Institute of Physics, University of Bergen, Norway. 
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UNFOLDED Nal SPECTRA FOR "Dy 

1 2 3 

Ey [MeV] 

J y l T l . 
r ... . .LÆ 

0 1 2 J < 5 0 1 I l i S 
OAMMA-RAY ENEROV [MtV] 

Fig. 6.11. Nal y-ray spectrum 

measured in coincidence 

with Of-particles. 
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Fig. 6.12. Unfolded Y" r ay 

spectra coincident 
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Fig. 6.13. Calculated Nilsson scheme 

for the h.. ,- structure 

(6 = 0.3, A = 1 MeV and 

A - 13 keV) and its decay 

pattern. 
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6.1.6 CiMj:ra^5.fonowing_trin§fer_re«ction5,;_5.tool_for_«tudie;_o 

T. Raasøy, J. Rekstad, H. Guttorr.sen, F. Ingebretsen, T. Rødland , 

* * 
T.F. Thorsteinsen and G. Løvhøiden . 

It is well known that strongly populated states in singie-nucleon transfer 

reactions have large single-quasiparticle (or two (uasiparticle) com

ponents in their wave functions. The y-decay of thee states might yield 

information on other parts in the complete wave functions. It is particu

larly interesting to study the correlations between highly excited states 

and states at lower excitation energy. We give in this contribution an 

example of how single-neutron transfer reactions can be used for such 

investigations. 

Levels in Dy and Dy have been populated in the (d,t) reaction. The 

two target nuclei ( Dy and Dy) have the same ground state spin 5/2, 

but opposite parities. Therefore the two-quasiparticle states populated 

in the (d,t) reaction have the transfer strength distributed over the 

same spins in the two nuclei, while the parities are opposite. Differences 

in the decay patterns may therefore reveal parity effects. 

The targets were bombarded with 15 MeV deuterons from the cyclotron. Both 

charged particles and y-rays were detected in a set-up consisting of four 

particle telescopes, two 5" x 5" NaI(T£) detectors, one 20% Ge(Li) counter 

and one 2" x 3" Nal detector with an anti-comp on shield. 

Triton spectra from the two reactions are shown in fig. 6.14, and are 

compared to high-resolution spectra (fig. 6.15) obtained with magnetic 

spectrographs *t' . From this comparison we have identified the main 

groups in the triton spectra below 3 MeV of excitation. 
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Fig. 6.14.Triton spectra at 50° from the reactions i 1Dy(d,t) 1 °' Dy and Triton spectra at 50 from the reactions Dyid.tJ Dy and 
3Dy(d,t) 1 6 2Dy. The energy resolution (FWHM) is approx. 150 keV. 

E d = 15 MeV. 

Figure 6.16 shows a Ge(Li) spectrum taken in coincidence with the tritons 
from the Dy(d,t) Dy reaction. The particle gate covers the excitation 
region from 1.2 to 2.6 MeV. The y-transitions apparent in the spectrum 
have been assigned on the basis of (i) transitions known from earlier 

3") 1 2) 
works , (ii) level energies from the high resolution t-spectra ' ' and 
iii) comparisons of Y " r a v spectra from neighbouring particle gates. 
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163,, , . „,162„ Dy(d, t ) Dy 
E = 12 MeV 

0 = 60° 

Ex (MaV) 

l^ltft l . . / ' • • • M' - • - A y . . . -

E„ (MoVI 

Fig. 6.15. Similar spectra obtained in magnetic spectrographes. The bands 
labelled I and II are the K=l and K=4 bands respectively, 
resulting from a coupling of the 3/2"[521] hole to the target 
configuration. 
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E,[MeVl 

Fig. 6.16. Ge(Ii) spectrum from the reaction Dy(d,ty) Dy. The gate in 
the triton spectrum covers the excitation region 1.2-2 6 HeV. 
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We will restrict the present discussion to two exaaples. Figure 6.17 
shows portions of the decay scheme for Dy and Dy with the decay of 
the K=4 bands in fig. 6.15. In both nuclei the energy spacings and the 
spectroscopic factors of the levels suggest well behaved rotational 
properties built on a pure K=4 configuration. The decay patterns reveal 
however significant differences in the two nuclei. In Dy the decay 
goes into the y-band (K=2), with about equal branching on the two transi
tions I + 1-2 and I •* I. Thus, the E2 components are essential as ex
pected for transitions between bands with AK=2. 

% + M • Sf&afl 
K'l 

t" %~&aj]«%~t«0 
r J" IP1 

1710 -J- - • f P " * + 

~ Y T y * 

1 «3t T A X «I* 

4-? 
* 

i r f i* 
> ' ,.r h* 

2 2* 

tiOf HZ fc, 

Fig. 6.17. Portions of the decay scheme for Dy and Dy, showing the 
decay of the K=4 bands in the two nuclei. 

In Dy the 5" member of the K=4 band decays to the ground band. If 
these transitions are of El type they are three times K-forbidden. Conse
quently, the 5" state in the K=A band in Dy must contain severe 
admixtures of other components, presumably through an octupole coupling 
to the ground band. 
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Fig. 6.18. Bal spectra taken in coincidence with tritons belonging to the 
main group in the particle spectrum (Ex = 2.0-2.6 MeV). Th= 
y-ray bump at approx. 2.1 MeV represents direct transitions 
from the populated states to the ground band. 

Another example of possible correlations is shown in fig. 6.18, where the 
Nal spectra from a gate at 2.0-2.6 MeV in the particle spectrum is com
pared for the two nuclei. The strong particle group at this energy (fig. 
]) is essentially due to JK=0 and £=2 transfer, with most of the 
strength associated with the 3/2+[402] Nilsson orbital. The bumps in the 
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Nal spectra at approximately 2.1 HeV correspond to transition* froa this 

group of states into the ground band. In Dy the parity is opposite and 

the transitions are of El type. The Ml transitions are two to three tiaes 

stronger than the El's. In a microscopic picture the HI transitions are 

of the type 5/2 [642] •» 3/2 [402], while the El transitions are of the 

type 5/2"[523] •* 3/2+[402]. It is difficult to explain why the Ml transi

tions are more favoured than the £1 transitions from a pure two quasipar-

ticle assignment. The observations indicate strong AN=2 coupling 

effects, or other correlations between this group of states and the 

ground state. 

1) A. Backlin et al., Phys. Rev. 160 (1967) 1011 

2) T.F. Thorsteinsen et al., to be published 

3) CM. Lederer et al., Table of Isotopes, (Wiley, New York, 1978). 

* 
Institute of Physics, University of Bergen. 
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6.1.7 Gamma2ray_multiglicity_versus_excitation_energY_iri Dy 

J. Rekstad, M. Guttormsen, T. Ramsøy, F. Ingebretsen, 
* * * 

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

The Dy(d,p) Dy reaction has been used to study the decay of Dy as 

a function of excitation energy. We used the projectile energy of 15 MeV 

and the experimental set-up described in sect. 6.1.6 in this report. 

Our preliminary results are shown in fig. 6.19. We have recorded a singles 

proton spectrum at an angle of 50°, a proton spectrum taken in coincidence 

with y-rays detected in two 5" * 5" Nal (TÆ) counters and a so-called 

multiplicity spectrum which is the coincident proton spectrum divided by 

the singles spectrum. Below the threshold for one-neutron evaporation, 

the gamma-ray multiplicity increases with excitation energy. When the 

energy permits neutron emission, this channel is strongly preferred, 

resulting in a violent drop in y-ray multiplicity. The multiplicity of 

y-rays in the (d,pn) channel also increases with excitation energy, 

although it remains low in the whole region between the In and 2n thres

holds . 
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F„ (Htx/) 

Fig. 6.19. Singles proton spectrum, proton spectrum taken in coinci
dence with Y " r a v s a n d a V'ray multiplicity spectrum from 
the reaction Dy(d,p) Dy. The hatched area in the 
singles spectrum represents protons from the d break-up 
process. The dotted curve in the upper spectrum is the 
•y-ray multiplicity corrected for contributions from 
break-up. 

The reason for this low multiplicity is found in the singles proton 
spectrum. The large bump (hatched area) in this spectrum is not associa
ted with v-transitions, and it is therefore interpreted as deuteron 
break-up in the Coulomb field. The average proton energy of the break-up 
bump gives information about at which distance from the nucleus the 
break-up process occurs. The average proton energy from break-up is 
approximately given by 
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E p = !i(Ed - BE d - C) + C , 

where E^ is the deuteron energy, BE. is the deuteron binding energy 

and C is the Coulomb energy of a proton or a deuteron at the break-up 

point. From this equat ion we have determined C = 11.2 HeV. This is very 

close to the Coulomb barrier of 12.3 MeV, assuming R = 1.2 A ' fm. We 

therefore conclude that the break-up takes place at the nuclear surface. 

By subtracting the break-up bump from the singles proton spectrum, we 

obtain the real y-ray multiplicity spectrum (dotted line in the multipli

city spectrum). The analysis of the data is not completed. 

Institute of Physics, University of Bergen 

6.1.8 A_studY_of_very_highly_excited_states_in ?Y_t>X_me;ans_of_the 

PYi_He2_He2_reaction 

M. Guttormsen, T. Ramsey, J. Rekstad, F. In?ebretsen, B. Skaali, 

J. Wikne, G. Midttun, T.F. Thorsteinsen , G. Løvhøiden". 

Our study of decay modes of states populated in transfer reactions has 

been extended to very high excitation energies. Enriched targets of Dy 
3 

was bombarded with 45 MeV He-particles from the cyclotron. By means of 

four particle telescopes at 40 angle we could study excitation energies 

in Dy up to approximately 40 MeV. 

Gamma-rays following the pick-up reaction were detected in a number of 

V-ray detectors: two 5" x 5" NaI(T£), one 3" x 3" Nal (W) and two 20% 

Ge(Li) detectors. Singles He-spectrum, the He-spectrum taken in coinci

dence with y-rays in the Nal detectors and a y-ray multiplicity spectrum 

are shown in fig. 6.20. The In, 2n and 3n thresholds are seen in the 

multiplicity spectrum. 

A detailed analysis of the data is in progress. 
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Fig. 6.20. A singles He-spectrum, a coincident He-spectrum and a 
Y-ray multiplicity spectrum from the Dy( He, He) Dy 
reaction. 

Institute of Physics, University of Bergen. 

6.2 High-Spin Properties of Huclei 

203 205 6.2.1. Isomeric transitions_in Biand §i 

H. Hiibel, M. Guttormsen, A. v. Grumbkow 
•k * -Irk 

K. Hardt , P. Schuler , A. Maj and Y.K. Agarwal 
K.P. Blume , J. Recht 

In the lead region a large number of high-spin shell model states lie 
close to the Fermi surface. Therefore, the low-lying high spin states are 
expected to constitute rather pure wave functions and their properties 
are of considerable interest for comparison with theoretical predictions. 
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We have investigated the decay of isomeric states in 2 0 3 B i and 2 0 5 B i 
203 205 populated in the * '""'JTl(o,4n) reactions by in-beaa conversion electron 

and gaaau-ray spectroscopy '. Figure 6.21 shows the electron spectroaeter 
with the superconducting coils. The bsffle-systea and aagnetic field 
profile allowed a high coincidence efficiency for the two Si(Li) detec-

203 tors. Exaaples of coincidence spectra for Bi are shown in fig. 6.22 

Fig. 6.21. Schematic drawing of the electron spectrometer (lower part) 
and magnetic field on the axis of the solenoid used in the 
experiment. 
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Fig. 6.22. Coincidence spectra of delayed electrons 203, Bi. 

The previously missing 25/2 •* 21/2 isomeric transitions could be ldetiti-
203 205 

fied with energies of 50.9 keV and 74.3 keV in Bi and Bi, respec
tively. The constructed level schemes are shown in fig. 6.23. 
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203, Bi 205, Bi 

Fig. 6.23. Decay schemes of isomeric states in Bi and Bi. 

A separate lifetime experiment with the iron-free orange electron spectro
meter at ISKP, Bonn was performed. Figure 6.24 shows the time spectra for 
the 266 keV and 641 keV transitions in 2 0 5 B i . A half-life of T, = 12 ns 
was tentatively assigned to a new 37/2" level at 4943 keV excitation 
energy. From our data we could determine B(E1) and B(E2) reduced transi
tion probabilities for several transitions. The results support the idea 
that the high spin states are based on couplings of four-quasineutron 
states to the h, 9/2 proton configuration. 
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Fig. 6.24. Time spectra of the 266 and 641 keV transitions in 2 0 5 B i . 

1} H. Hubel et al., Z. Phys. A314 (1983) 89. 

Inst. fur Strahlen- und Kernphysik, Universitat Bonn, W. Germany 
Hahn-Meitner-Institut fiir Kernforschung, Berlin, W. Germany. 

i ftp 6.2.2 High;spin_states_and_residual_interaction_in _Hg 
M. Guttormsen, K.E. Blume , Y.K. Agarwal , A. 
K. Hardt*, H. Hubel", J. Recht" and P. Schuler 

V. Grumbkow , 

Recently, the mercury isotopes have been the objects for new and extensive 
experimental and theoretical studies. Of particular interest is the 
description of their high-spin structures in terms of rotation aligned 
quasiparticle states and bands built on these states. In the present 
work ' we focus on the residual interactions V which are not incorpo
rated in the cranked shell model. uv 

i on 
The level scheme of Hg in fig. 6.25 was based on gamma- and electron-
spectroscopy using the Ta( N,6n) reaction with a beam of 100 MeV N 
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fro» the Bonn cyclotron. The data reveal four new side bands besides the 

known 13/2* and 21/2* bands. 
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Fig. 6.25. Level scheme of 1 8 9Hg. 

188-198 
In fig. 6.26 the crossing frequencies IU deduced from Hg are 

1 \ C 

shown (for references see ref. J. There are clear shifts in the crossing 
frequencies with respect to the spectator particles. These shifts, Aui , 

2) can be related to the residual interactions , and we find V ~ 0.11 MeV. 

The origin of the configuration dependent interactions is still not known 

in the mercury region. 
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Fig. 6.26. Experimental crossing frequencies at which the ii-i/2 pairs 
AB (lower part) and K (upper part) align their angular momenta. 
The curves are drawn to guide the eyes. 

1) M. Guttormsen et al., Z. Phys. A312 (1983) 155 
2) J.D. Garrett, G.B. Hagemann and B. Herskind, Nucl. Phys. A400 (1983) 

113c. 

jt. 

Inst. fiir Strahlen- und Kernphysik, Universitat Bonn, '.I. Germany. 

6.2.3 The Weakly Deformed vi IUI. Band in 1 8 8 H g 

K. Hardt , Y.K. Agarwal , C. Gunther , M. Guttormsen, R. Kroth , 
J. Recht , F.A. Beck"", T. Byrski , J.C. Merdinger , 
A. Nourredine" , D.C. Radford , J.P. Vivien and C. Bourgeois 

The s-bands in l a o" 1"°Hg are known J to result from the alignment of the 
i.,,? two-quasineutron configuration. This weakly deformed band was not 
yet identified in the more neutron deficient mercury isotopes. Instead, 
the y-decay follows a coexisting K = 0 rotational band with a much 
larger moment of inertia. This band becomes yrast already at I = 4 and 
represents a second minimum in the potential surface of these isotopes. 
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However, the Nilsson scheae valid for this region (see fig. 6.27) shows 
that the Ferai surface is still close to the Jl" = l/2+ orbital of the 

2) x13/2 s t r u c t u r e - The present work ' was performed in order to identify 
the aligned band and to observe the strongly deforaed band to higher 
spin. 

Excited states in ^"ng were investigated using the >«Er(«H, 
reaction at the Strasbourg HP Tandem accelerator. In the experiaent 6 Ge 
detectors and 12 Nal detectors were used. Various time conditions were 
set on the Ge signals with respect to the Nal detectors in order to 
filter out transitions above and below isomers. The resulting level 
scheme is shown in fig. 6.28. 

o 
The identified weakly deformed 113/2 ' > a n (^ ^°l^ o w s closely the systema-
tics of the heavier isotopes. We find an alignment of i = 11.8 n and a 
crossing frequency of ui = 0.225 MeV/fi. A lifetime of T, = 134+15 ns of 

+ c * + + 
the 12 state reveals a surprisingly low B(E2) value for the 12 •* 10 
transition. 

An attempt to follow the strongly deformed band (right side of fig. 6.27) 
3) through its first backbending was not successful. As proposed in ref. , 

information on this alignment could determine the sign of the quadrupole 
deformation of the coexisting K = 0 band. 
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IDO 

Fig. 6.27. Nilsson diagram for Fig. 6.28. Level scheme of Hg. 
neutrons. 

1) M. Guttormsen and H. Hubel, Nucl. Phys. A3B0 (1982) 502 and referen
ces therein 

2) K. Hardt et al., Z. Phys. A312 (1983) 251 
3) M. Guttormsen, Phys. Lett. 105B (1981) 99. 

Inst, fiir Strahlen- und Kernphysik, Universitat Bonn, W. Germany 
Centre de Recherches Nucléaires, Strasbourg, France 
Institut de Physique Nucléaire, Orsay, France. 
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6.2.4 A high-spin study of 1 5 5Dy 

J. Rekstad, H. Guttormsen, A. Henriquez, F. Ingebretsen, T. Raasøy, 

PO. Tj#a, C. L#vh*iden , K. Nyb/, T.F. Thorsteinsen*, 

J.D. Garrett , G.B. Hagemann , B. Herskind , J. Kownacki and 

G. Sletten 

The N=89 isotones represent the most neutron deficient nuclei in the rare 

earth region where well developed rotational bands still appear. However, 

these structures are to some extent perturbed by vibrational bands which 

are located at low excitation energies. 
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Fig. 6.29. Gamma-ray spectrum for Dy 

The y-y coincidence experiment was performed using the Ce( 0,3n) Dy 

reaction with a beam of 73 MeV from the Niels Bohr Institute FN tandem 

accelerator. In all, five Compton-suppressed Ge(Li) detectors were placed 

around the target. The y-ray angular distribution experiment was performed 

at the Oslo cyclotron using the Gd( He,4n) Dy reaction with bombar

ding energy of 39 MeV. Figure 6.29 shows the projection spectrum from the 

coincidence experiment and in fig. 6.30 coincidence spectra obtained with 

various gamma-ray gates are revealed. The preliminar level scheme of 
1 5 5Dy is shown in fig. 6.31. 



60 

BOO 1200 
CHANNEL NUMBER 

Fig. 6.30. Gamma-gamma coincidence spectra for Dy. 



Fig. 6.31. Level scheme of Jy. Spin assignments are tentative. 

The data reveal five rotational bands (band 1,2,3,6 and 7) and two struc
tures probably based on vibrational modes of excitations (band 3 and 5). 
For tbe first time the backber.ding of the single-particle band built on 
the ll/2~[505] could be observed. Of great interest is also band 3 which 
is interpreted as one i 1 3/ 2 quasineutron coupled to the p-vibration. The 
similarity of this band with the p-band in Dy indicates that only 
small perturbations occur by coupling an i 1 3 / 2

 n e u t r o n t o t n i s vibration. 
Data analyses and theoretical considerations are in progress. 
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* 
Institute of Physics, University of Bergen, Norway 

ft* 

The Niels Bohr Institute, University of Copenhagen, Denwirk. 

6.2.5 A.study.of.^. 7:^?:»«?; Yb 

* * * 
P.O. Tjørn, J.C. Bacelar , C. Ellegaard , J.D. Garrett , 

if ft ic it $rie 
G.B. Hagemann , B. Herskind , A. Holm , C.X. Yang , R. Chapmann , 

ftif frit ick Mc 
J.C. Lisle , J.N. Mo , E. Paul and J.C. Willmott 

The high-spin levels in Yb, Yb and Yb have been produced in the 

reaction Sn ( Ca,xn) with use of the 201 MeV Ca projectiles from 

the tandem accelerator at the Daresbury Laboratory. The coincidence 

gamma rays were recorded in an array of six Compton suppressed Ge detec

tors (TESSA II), and the total gamma-ray cascade energy and gamma-ray 

multiplicities were recorded in an array of 50 bismuth germanate crystals. 

1 6fl 
In Yb four new decay sequences are established. The yrast sequence has 

been extended to I 7 1 = 38 . 

The dynamical moment of inertia J has been extracted for Yb from 

the E - E correlation data in the energy interval 0.7 < E < 1.0 MeV. A 

value of J - J - 62.5 MeV is found, in agreement with a conclusion 

that most of the rotational bands behave like "perfect" rotors. 

The decrease of pairing was also studied by analysing the experimental 

Routhians, and the conclusion is that the neutron pairing gap is vanish-

ingly small at hu> > 0.4 MeV for Yb. 

The Niels Bohr Institute, University of Copenhagen 

Schuster Laboratory, University of Manchester, U.K. 
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6.3 Delayed Particle Emission 

6.3.1 l?ta;delayed_Droton_emission 
.. & & frk frk 

S. Messel t, J. Ays to , P. Taskinen , K. Eskola , A. Hautojarvi ** K. Vierinen 

Only one beam period was scheduled for these experiments last year. Host 
27 27 3 of the beam time was used trying to produce P via Al( He,3n) at 

28 44 MeV and via Si(p,2n) at 34.5 HeV bombarding energy. Due to too much 
target impurities, however, no clear evidence was obtained. 

A second beam period in the fall was postponed to January 1984 due to 
3 unusually long delivery time of a new He-gas bottle. 

From experimental information obtained at Jyvaskyla, Helsinki and Oslo a 
be 

4 » 
study of beta-decay of mRu to proton emitting states in Tc has been 
published 

1) J. Aysto, J. Honkanen, W. Trzaska, K. Eskola, K. Vierinen and 
S. Messelt, Nucl. Phys. A404 (1983) 1. 

Dept. of Physics, University of Jyvaskyla, Finland 
Dept. of Physics, University of Helsinki, Finland. 
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7 THEORETICAL NUCLEAR PHYSICS 

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

7.1 Many-Body Theory 

7.1.1 Model3Sgace_microscoDic_calculation_of Fermi liguid parameters 
•V ** 

E. Osnes, T.T.S. Kuo and Z.Y. Ma 

In the Landau theory of Fermi liquids a system of strongly interacting 
particles is transformed to a system of weakly interacting quasiparticles. 
The effective force among the latter may be expressed in terms of the 
so-called Fermi liquid parameters. These are closely related to collective 
and bulk properties of nuclear systems, such JS giant resonances and the 
symmetry energy and compressibility of nuclear matter. 

It is of considerable interest to evaluate the Fermi liquid parameters 
from realistic nucleon-nucleon (NN) interactions. These parameters are 
basically calculated from certain particle-hole G-matrix diagrams, as 
shown in fig. 7.1. Here, diagram (a) is a first-order G-matrix (wavy-line 
vertex) diagram of the quasi-particle interacti >n. It is in fact composed 
of particle-particle ladder diagrams with NN vertices V (dashed-line 
vertex), as shown by diagram (a 1). Clearly, the value of this diagram 
depends on the single-particle (s.p.) spectrum £(p) chosen for its 
calculation. Other diagrams for Fermi liquid parameters, such as the 
second-order screening or induced interaction shown in (b), may even 
depend on £(p) in a more sensitive way. 
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Fig. 7.1. Particle-hole G-matrix elements. 

In our model-space approach the nuclear Haroiltonian is transformed into a 
model-space effective Hamiltonian PH __P, where the model-space projec
tion operator P is composed of Slater determinants in which all the 
nucleons have momenta k < kw, taking t, ~ 2k»,. We introduce a s.p. 
potential U defined by H = (T + U) + (V - U), which is non-vanishing 
only within P, and consequently the s.p. spectrum is given by 
e(k) = t(k) + U(k) for k < k^ and by e(k) = t(k) for k > 1^ where 
t(k) = R k /2m. This U(k) is determined self-consistently by the model-
space HF condition <lplh[H „|uphO> = 0, and is a smooth function of k 
for k < kj, and approximately -20 MeV at k„. If we use 1c, = kp, the 

BHF above e(k) becomes the usual discontinuous s.p. spectrum £ (k) used 
in most conventional nuclar matter calculations. 

Using the Reid NN potential, we have calculated the Fermi liquid para
meters from the first-order diagram (a), as shown in table 1, using both 

BHF the e(k) and the £ (k) spectrum. Calculation of these parameters 
with the inclusion of the "infinitely nested" induced interactions is in 
progress. This is done by solving a set of coupled integral equations 
using an iteration method. Comparison with other model-space calcula-

2 3) tions ' of Fermi liquid parameters will be made. 
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Table 1. Femi liquid parameter» derived fro» diagraa (a) aultlplied by 

2kFm*/n 2« 2 with kp = 1.36 fa* 1 and the Reid NN potential. 

F F' G G' F. F! G, Gl • * / • 
o o o o 1 1 1 1 

E B H F -1.290 0.308 0.277 0.777 -1.086 0.434 0.492 0.061 0.638 

Our spectr. e -1.502 0.439 0.253 0.813 -1.088 0.469 0.492 0.099 0.637 

1) Z.Y. Ma and T.T.S. Kuo, Phys. tett. 127B (1983) 137 

2) R.S. Poggioli and A.D. Jackson, Nucl. Phys. A165 (1971) 582 

3) 0. Sjøberg, Nucl. Phys. A209 (1973) 363 

State University of New York, Stony Brook, USA 

Institute of Atomic Energy, Beijing, PR China. 

7.1.2 Folded diagraro_theory_of_effectiye_oDerators 

E. Osnes and T.T.S. Kuo 

A comprehensive review of the folded diagram theory of effective opera

tors is under preparation. Folded diagrams are discussed in detail, with 

emphasis on the case with valence nucleons. Detailed diagram rules are 

derived and illustrated by simple examples. A general proof of the cancel

lation of disconnected diagrams is given, together with the derivation of 

many-body effective interactions. Recent applications to nuclear structure 

calculations, nuclear optical potentials and the meson-exchange theory of 

the nucleon-nucleon potential are discussed. 

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

* State University of New York, Stony Brook, USA. 
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7.1.3 Three;body_effectiyeinteraction; 

£. Osnes, T.T.S. Kuo , A. Faessler , H. Mtither and 

A. Polls 

Most calculations of the effective interaction have been concerned with 

the two-body effective interaction to be used for nuclei with two nucleons 
IB 

outside closed shells, it being the prototype nucleus. For nuclei with 

three and more nucleons outside closed shells, many-nucleon effective 

interactions will in principle arise. However, these have almost always 

been ignored, under the more or less tacit assumption that they be small. 

In early calculations the three-body effective interaction in the 

Of-^-shell was found to be small. In view of the theoretical and computa

tional developments which have taken place since, an improved calculation 

of the effective three-body interaction is both feasible and interesting. 

We have calculated the three-body effective interaction in the (sd) 

shell, arising both from the truncation of the valence nucleon space and 

from the truncation of the hadron space. A manuscript has been published 

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

2) A. Polls, H. Miither, A. Faessler, T.T.S. Kuo and E. Osnes, 

Nucl. Phys. A401 (1983) 124. 

* State University of New York, Stony Brook, USA 

** Universitat Tubingen, W. Germany. 

7.1.4 Hartree;Fock_ calcuJations_ j>_f_ joddĵ A Jiuĉ le_i__in_the _^sdj_shell_using 

EÉ§Ii§tic_effe^ti^e_interactions 

E. Osnes and F. Brut 

Many-body calculations of the shell-model effective interaction are very 

elaborate and are usually performed for only two nucleons outside closed 

shells. According to the folded-diagram theory of the effective inter

action this two-body effective interaction is valid also for nuclei with 

more than two valence particles. Then, however, many-body effective 

forces arise in addition to the two-body effective force. Such forces 



68 

have usually been ignored or included in an approximate way in nuclear 
structure calculations with several valence particles. 

In the present work we wish to apply various realistic effective two-body 
forces to the calculation of nuclear spectra for several valence particles 
in the (sd) shell. Instead of performing an exact diagonalization, we use 
the Hartree-Fock approximation, which has been found to yield a good 

2) approximation to exact diagonalization . 

We have performed projected Hartree-Fock calculations of the positive 
parity states in the A = 21 nuclei using three different realistic 
effective interactions. These are the interaction evaluated by Kuo and 

3) Osnes in the so-called screened Tamm-Dancoff approximation using the 
Hamada-Johnston potential and tvo interactions evaluated from the Bonnie Jiilich and Paria potentials by Chakravarti et al. including essentially 
all important long-range correlations to all orders. The resulting energy 
spectra show quite good agreement with the experimental spectra and 
compare favourably with the results obtained using the Kuo-Brown and 

2) Preedom-Wildenthal interactions . 

1) T.T.S. Kuo and E. Osnes, Folded-diagram theory of the effective 
interaction in atomic nuclei (monograph), to be published 

2) F. Brut, N. Mankoc-Borstnik and S. Jang, Nucl. Phys. A304 (1978) 429 
3) T.T.S. Kuo and E. Osnes, Nucl. Phys. A226 (1974) 204 
4) S. Chakravarti, P.J. Ellis, T.T.S. Kuo and E. Osnes, Phys. Lett. 

109B (1982) 141. 

* Institut des Sciences Nucléaires, Grenoble. 

7.1.5 ievel_Density_ln_a_Pairing_Model 

A. Atac and T. Engeland 

i 1) 
The (He,a) reaction has been used by our experimental group to study 
the energy spectrum for low angular momentum up to approximately 8 MeV 
excitation energy. The nuclei studied are located in the deformed and 
transitional rare-earth region. Above 2 MeV the level density is high and 
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a detailed description of the level schene is not possible. Thus for an 
analysis of the gagna spectrin in the process a level density function is 
required. 

Based on a Fermi-gas model a level density expression can be calculated 
from a statistical approach. The result is 

WE 
P(EX) <* e * , 

where E is the excitation energy and k is a constant. From this formula 
the gamma decay multiplicity spectrum is calculated in reasonable agree
ment with experiment. 

There is, however, a fine structure in the experimental data which can 
not be accounted for and which is a challenge to a more refined model. 

In the present investigation we are studying the level density spectrum 
in a pairing model. With a constant monopole pairing force we solve the 
BCS gap-equation for the different quasiparticle states 

v 
1 q 1 2 

I I — = - . F F G V>o V q=l q 
where E = V( £ " k)2+A2, v the number of quasiparticles and G the 
strength of the pairing force. The particle number conservation gives the 
second equation 

E -K v £ -K 

* » " -f-0 - *? U - I 3 " ' = " - Vq v>o V q=l q M 

to determine the BCS pairing parameters \ and A for each quasiparticle 
configuration with v quasiparticles. 

From these equations we get a quasiparticle spectrum where the effect 
of blocking from the quasiparticles on the pairing field is included. The 
pairing parameters \ and A are then functions of the number of quasi
particles v and the quasiparticle excitation energy E qp' 

q 
E = 1 E 
«" q=l q 
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Another important possibility is to use this model to determine the 

energy of the phase transition between the superconducting pairing phase 

and the Fermi-gas phase. This is described as the solution to the pairing 

equation with A = 0. 

1) J. Rekstad et al., Annual Report 1981, Report 82-17, Institute of 
Physics, University of Oslo, p. 31 

2) A. Bohr and B. Mottelson, Nuclear Structure, vol. 1, 
W.A. Benjamin, Inc. (1969) New York, Amsterdam. 

7.2 Collective Models 

7.2.1 Tb§_Eå£5i?l?IJ2tor_model_and_the_Coriolis_attenuation 

„ ui 167„ £roblem_in Er 

H. Hagen and T. Engeland 

1-4) 
In recent publications we have analysed the Coriolis attenuation 

problem in several odd-A deformed nuclei. Nuclei in both the rare-earth 

and uran region have been studied. 

One particular interesting case is the rare-earth nucleus Er. It is 

expected to be a well-deformed nucleus and experiments have revealed 

three well established deformed bands based on the i,-,,0 intruder orbit 
+ + + ' 

with K = 5/2 , 7/2 and 9/2 . In a Particle-Rotor Model analysis these 
bands interact strongly through the Coriolis coupling term and theoreti

cal analysis requires an attenua 

produce a resonable fit to the data. 

cal analysis requires an attenuation factor of the order of 0.5 to 

With our alternative raodel referred to as Pairing-Plus-Recoil Model 

(PPR), see ref. we are investigating the Er case. Preliminary calcu

lations show that the PPR Model give a better result than obtained with 

The Particle-Rotor Model, but there are still clear deviations between 

theory and experiment. 

A possible improvement is to include a state-dependent pairing force. 

This is presently studied. As a first step we have introduced a quadru-

pole pairing force of the form given by Bes et al. . Based on the situa-
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ti on in U where such an interaction was important we hope to improve 

the present result in Er. We are particularly interested in the pos

sible effect on the Coriolis coupling between the three close-lying 

K = 5/2*, 7/2+ and 9/2* bands. 

1) T. Engeland, Physica Scripta 25 (1982) 467 

2) T. Engeland, A. Henriquez and J. Rekstad, Phys. Lett. 120B (1982) 19 

3) A. Henriquez, T. Engeland and J. Rekstad, Nucl. Phys. A410 (1983) 1 

4) A. Henriquez, T. Engeland and J. Rekstad, Phys. Rev. C27 (1983) 1302 

5) I. Kanestrøm and G. Løvhøiden, Nucl. Phys. A160 (1971) 665 

6) D.R. Bes, R.A. Brf>slia and B. Nilsson, Phys. Lett. 40B (1972) 338. 

7.2.2 Nu£l£?E_gotential_energY_surface_studies 

Olav Aspelund 

In the 1981 Annual Report we announced a breakthrough in our under

standing of the importance of higher-order rotational-vibrational coupling 

(RVCT) effects in inelastic hadron scattering from nuclei in certain mass 

regions. Specifically, we were able to present schemes by means of which 

these effects may be studied systematically. Some points, nevertheless, 

remained to be considered in more detail, the main question to be answered 

being why we are able to observe them at all. After all, higher-order 

effects are higher-order effects and as such not easily observable, if 

not the situation exists that under certain conditions these effects are 

favoured by the nuclear reaction dynamics. 

We have dedicated considerable attention to this important question, 

because it is interesting itself, but also because the higher-order 

effects under discussion could eventually obscure the possibility of 

ioslating the giant isoscalar monopole resonance (the breathing mode) in 

inelastic hadron scattering from light nuclei. It is well known that the 

observation of breathing-mode effects under the experimental conditions 
2) 

indicated remained a challenge for years . Recently, however, M.N. 
3) 

Harakeh and R. De Leo mean to see definite evidence for their presence , 
2) 

although our opinion on the conclusions drawn in ref. is that the 

collectivity itself must be under better control before one can be that 

definite. 
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From work presently in the process of publication , naaely, the folowing 
points should be noted: 

1) In a mass region of low-lying Vibrational states, the physical 
situation requires an explicit account of several non-sperical quadrupole 
phonons, in the nuclear structure part of the problem. This is a necessary 
requirement to be imposed upon RVCT, because one is dealing with a rather 
shallow minimum in the associated nuclear potential energy surface. The 
paradoxial situation, however, obtains that under the conditions indicated 
RVCT is quantitatively less reliable: Quality and quantity are in conflict 
with each other. 

2) The higher-order RVCT effects implied in the structure treatment 
are experimentally observable, because they are indeed favoured by the 
reaction dynamics. 

3) To the extent that in a mass region with properties as indicated 
the breathing mode is tried isolated solely on the basin of so-called 
breathing-mode form factors, this could be quite fortuitous, because the 
RVCT channel-coupling problem itself requires an explicit account of 
channel-coupling form factors with properties quite similar to those of 
the breathing-mode form factors. 

The main conclusion to be drawn from our work, thus, is that the interplay 
of higher-order RVCT effects and breathing-mode effects remains a chal
lenge for future work. 

1) 0. Aspelund, Annual Report 1981, Report 82-17, Institute of Physics, 
University of Oslo, p. 62 

2) J. Speth and A. van der Woude, Rep. Prog. Phys. 44 (1981) 719 
3) H.N. Harakeh and R. De Leo, Phys. Lett. 117B (1982) 377 
4) 0. Aspelund, Dynamically Favoured Higher-Order Rotational-Vibrational 

Excitations, Report 83-45, Institute of Physics, University of Oslo, 
and Phys. Lett. B, to be published. 
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8 OTHER FIELDS OF RESEARCH 

8.1 Production of Radionuclides for Medical and Technical Applications 

T. Holtebekk and T. Bjørnstad 

A prosject for application of the cyclotron for other fields than nuclear 

physics, especially for production of radionuclides for medical and 

technical use, was, with financial aid from NAVF, started in 1980. It was 

limited to a three years period, which expired by the end of 1983. In 

spite of considerable effort it has not been possible to obtain further 

economical support for the project. 

8.1.1 Productsfor_medical_agDlications 

The project has mainly been consentrated upon production of radionuclides 

with application within nuclear medicine. By the end of 1982 procedures 

for production of Ga-citrate and for Kr-generators had been developed 

and the products had been tested and accepted for medical use. It appeared, 

however, impossible to produce Ga-citrate to a price compatible with 

the market price for the imported product. It has therefore not been put 

into regular production. 

81 
During 1983 Kr-generators has been produced regularly with weekly 

delivery of one generator to Ullevål Hospital. Totally 40 generators were 

produced during the year. The production of other products for medical 
121 111 127 

use: I, In, Xe and others, have been considered. But it appears 

impossible to produce them for a small Norwegian market to a price compa

tible with ordinary market price. 

It has been proposed for the University Director to organize a study 

group for proton emission tomography. Such a project would imply the use 

of short living 0 -emitters, which most convenient could be produced by 

the cyclotron. The proposal has, however, been turned down due to lack of 

support from the Faculty of Medicine. 

By the end of 1983 it appears evident that the interest for cyclotron 

produced radionuclides in medicine is so low that any further development 

of a project for this purpose is worthless. 
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B.1.2 IS£hnical_apglications 

The efforts to obtain support for a project for application of cyclotron 

products in technical industry, for material testing, element analysis, 

process control and corrotion and wear studies continued during 1983. 

Several research laboratories and industry companies have expressed their 

interest for the plans. In spite of this it has not been possible to get 

the necessary funds for continuation of the work. Also Lhis part of the 

project is therefore terminated. The nuclear physics group will, however, 

also in the future keep in contact with interested Lechnical research 

groups for possible applications of the cyclotron. 

8.1.3 Thin_layer activation for_measurement of mechanical wear 

T. Bjørnstad, T. Holtebekk, A. Ruud and J.P. Rambæk, IFE, Kjeller 

Particle beams can be used to introduce a thin layer of a radioactive 

species in a number of engineering materials. If the material surface 

subsequently is subject to mechanical stress, the material may successive

ly be worn away. The decrease in the total acLivity on the surface is 

then a direct measure of the wear depth. The acLivated thickness may 

usually be varied between 25 and 300 |Jm. It is essential that the depth 

distribution of the activity is well known. This may be experimentally 

determined, for instance by activation of a stack of thin foils of essen

tially the same material. 

We have, in cooperation with Institute for Energy Technique (IFE), Kjeller 

and Kongsberg Våpenfabrikk performed thin layer activation studies, with 

the aim of measuring wear on critical parts of different types of hydrau

lic motors. 

The components of the motors were all made of steels with only small 

amounts of alloying elements. Irradiation with protons results in the 

intro' ?n of the radioactive tracer Co by the nuclear reaction 

Fe( ,'o. This radionuclide has a suitable halt-life of t, = 78 days, 

and p ag gamma radiation with energies ranging from 846 keV to 

more than JiKjO keV. 
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56 
In order to determine the depth variation of Co after irradiation, iron 

foils of thickness 5 \m were stacked to a total thickness of 300 |Jm and 

irradiated by 10.5 HeV protons at the Oslo cyclotron. The gaadta-activity 

in each foil was successively recorded by a high-resolution spectrometer 

based on Ge(Li)-detectors. The results of this measurements are shown in 

fig. 8.1. 
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Fig. 8.1. Relative depth distribution of 5 Co in iron (activity per 5 pm) 

after irradiation with 10.5 MeV protons. 

Some motor components were then adiated in a controlled way, taking 

care that the effect of the particle bombardment itself should not bring 

about any changes in the material microstructure due to high temperatures 

or high radiation dose. See table 1. 

The irradiated components were measured by the Ge(Li)-spectrometer to 

check the purity of the gamma-spectra, and subsequently remounted in 

their respective motors. 

The set-up for the motors is constructed and situated at Kongsberg Våpen

fabrikk. It includes an oil reservoir of 80 liters which is common for 

all the motors. Hence, it is not feasible to detect the wear debris of 

the indicidual motors by measuring on the activity in the oil. Therefore 
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Table_l. Irradiation details for activation of motor components. 

Fabrication Critical components Irradiation condition» Introduced aaount 
of activity of 56-C© 

"Volvo" Piiton eiog 

"Rexroth" Cog-wheel 

"Lucas" Piiton 

"Parker" Piaton 

a lead-shielded NaI(T£)-detector coupled to a single channel analyzer was 

applied for activity measurements directly on the indicidual motors while 

in operation. 

Two different modes of operation of the motors were carried out: long 

term continuous operation at high speed and high temperature, and opera

tion in a start-stop mode. 

The measurements on the motors were carried out regularly by engineers at 

Kongsberg Våpenfabrikk. The results of these wear measurements are pre

sented in fig. 6.2. 

All the wear-curves show a smooth trend. When the rough running conditions 

were introduced 15 days after the start, the wear rate increased notice

ably. After another 5-10 days it leveled off towards a constant value. 

There was no measurable wear during the start-stop operation mode. At the 

end of the test period the maximum wear depths were determined from com

parison with the foil stack measurements. The results are given in 

table 2. 

Irradiated zone l n ^ 
broad along the outer >/v-m 

•urface of the ring. 
Rotation during irradi
ation. 

0.026 MBQ. (0.7 pCi) 

Irradiated zone a cir
cular spot of diameter 
3 na at the contact sur
face of 1 single tooth. 
The object at reat du
ring irradiation. 

Irradiated zone 1 ma 
broad along the edge 
of the eliding surface. 
Irradiation during ro
tation of the object. 

0.011 MBq (0.3 uCi) 

0.019 MBq {0.5 uCi) 

Irradiated zone 1 an 
broad «Ion* the edge 
of the sliding surface. 
Irradiation during ro
tation of the object. 

0.096 KBq. (2.6 uCi) 
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Fig. 8.2. Variation in the measured decay-corrected activity for various 
motor parts as a function of the experimental time. 

Table 2. Maximum wear depths 

"Volvo"pison ring (90) days ~ 20 pm 
"Parker" piston (43 days) ~ 4 |Jm 
"Rexroth" cog-wheel (80 days) ~ 11 (Jm 
"Lucas" piston (90 days) ~ 7 M"> 

The wear rates at the end of the test period is on the basis of the 
dashed curves in fig. 8.2 estimated to be approximately 0.07 pm/day for 
all components except the "Parker" piston which seems to have a smaller 
wear rate. 
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8.2 Solar Energy Research 

8.2.1 Solar_collectors 

M. Mehlen, J. Skjæret and J. Rekstad 

A full scale test collector has been constructed. It has turned out to be 

very useful in the work of improving the low cost solar collector de

scribed in previous anual reports. 

Its purpose has been to solve the condensation problems described earlier 

and to find practical and technical solutions in the erecting of the 

collector. The various elements of the collector can easily be exchanged 

in the new set-up. Our solution is shown in fig. 8.3. 

HEAT 

STORAGE 

CONCRETE WALL 

Fig. 8.3. Section of the heating system with concrete wall. 

The absorber in the collector consists of a double set of corrugated 

plates (which are ordinary plates used for roof covering). In addition 

there is a transparent cover plate that rests on the tops of the two 

corrugated plates. The characteristics for the collector are similar to 

those of other double glass collectors. 

CONTAINER FOR 
PREHEATING OF 
WATER 

PUMP 
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Fron the top of the collector water is dispensed through saall pipes and 

is floating in the bottom between the two plates. The layer of water is 

very thin (<1 an)) and has a large contact area with the abaorber, which 

results in a high degree of heat exchange. The outer corrugated plate 

hinders condensation on the cover plate. 

Tests on how the water is floating in the collector, show that it is 

flowing along the bottom of the corrugated plate. A consequence of this 

is that the erecting of the absorber is as simple as mounting an ordinary 

roof or wall with corrugated plates. 

Projects where the collector is or shall be installed: 

1) Test house at Lørenskog In these two houses an older solution 

2) Solar house in Drammen of the collector will be replaced 

with the new solution 

3) The ZEB-building at the University (90 m of the collector will be 

installed for preheating of water) 

4) In Kristiansand on one of "The Buildings of Future" 

5) On seven test houses in Moss . 

Described in sect. 8.2.4 

Described in sect. 8.2.3. 

8.2.2 Solar_heating_system_for_water_at_the_ZEB;building 

M. Mehlen, J. Rekstad and J. Skjæret 

The project is decribed in the 1982 annual report. The results from our 

analysis of the energy output and cost were found acceptable and it was 

decided to build the system. 

The construction work has already started aad in a couple of months the 

collector system will be put into operation. 
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8.2.3. Test_taousea_^n_Mo8s 

H. Hehlen, J. Rekstad and J. Skjeret 

On initiative from Østfold Power Distribution ("Kraftforsyning") there 

are plans to build seven solar energy buildings at Jeløya near Hoss. Our 

group in collaboration with a local group from Østfold Power Distribution 

has designed the energy systems. We made initial calculations of expected 

gain of energy from solar collectors on each house. Two alternativ solu

tions were considered. The first alternative was a central storage of heat 

for the whole area. The second was a solution with local heat stores 

where the stored energy would be used where it is collected. 

The gain of energy by using a central storage of heat is rapidly reduced 

with a decrease in the insulation of the storage. For the alternative 

with a central storage to be profitable, the insulation of the storage 

had to be unrealistically high, an areal thermal transmittance smaller 
2 

than .05 W/(m *K) was required. Compared with the second alternative it 

would also be much more expensive. 

Th^ local heat stores will consist of insulated concrete walls. An air 

based distribution system will take the heat from the wall to the rooms. 

In addition, the hot water will be preheated from the solar collector. 

8.2.4 Ihf.PlSfUÉS-EJSiS!^ 

M. Mehlen, J. Wikne, J. Skjæret and J. Rekstad 

This is a project for the municipal government of Drammen and Drammen 

Power Distribution Co The project consists of three different solar 

houses. The first has a system of heating constructed for applying an air 

based solar collector. In the second house a tricklet collector will be 

used to preheat hot water. 

The third house is specially designed to make use of the solar irradiation 

in a passive manner. 

The project started in 1981, but until now measurements have been taken 

only in the first of the three houses mentioned above. 
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Here we had some problems with the electronics in the data-logging equip
ment during the spring season and no data were obtained. Since the middle 
of September the data logging system has functioned properly. Data from 
this autumn show that the collector system has covered 45% of needed 
energy for heating. The heat storage of stone is working properly. Heat 
input on a sunny day is in average 30-40 kWh when the irradiation is 4-5 

2 kWh/m . The heat is delivered again over one to three days depending on 
the need for heating. The collector efficiency during this period is 
approximately 15% with AT/I = 0.04 K m2/W. 

At the second house the solar collector was only temporarily installed. 
The old solar collector shall be replaced by the new collector solution 
in the near future. In the first collector leakages occurred and it has 
been out of function most of the summer and autumn. 

8.2.5 P?YSi2Em?9£§_9D_£!!e_GPIB_data;acguisition_system 

J. Wikne 

1 2) Three GPIB based data acquisition systems ' have been in operation 
during the past year, in the Schaug house, the Rekstad house and in 
connection with the experimental collector setups on the roof of the 
Physics building. 

At the end of May 1983 the 2.0 version of the data acquisition program 
NITA became operative, enhancing the system by the introduction of inter-

2) rupt based SRQ handling . The program is now capable of returning to 
command mode after initializing the GPIB instruments for data collection, 
and temporarily switch to data processing only when needed. This repre
sents a form of multitasking, a unique facility for a microcomputer of 
the ABC80's size and cost. 

An amazing as well as unsuspected consequence of the new SRQ handling was 
the drastic increase in system stability, especially in environments of 
severe mains and other electrical noise. This is believed to be due to 
the elimination of the previously needed SRQ testing, involving continuous 
operations on the GPIB-controller and -bus, which are associated with 
complex microcode loops as well as rather long and noise-susceptible bus 
lines, as opposed to the simple and "internal" loops of the.command mode. 
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In September 1983 the NITA version 2.1 including a graphic nodule was 

developed. The graphics feature an on-line display of value versus tine 

of instantaneous data or mean values of any one of the active channels. 

The diagram itself consists of a 64 x 64 dot matrix, the rest of the 

screen is used for some essential information in alphanumeric form, 

including a fixed command field. 

The unreliable on-board clock of the ABC80 prompted a new hardware design, 

the GPIB Programmable RT Clock Unit (RTCU). The prototype was tested in 

October with very satisfactory results. The RTCU has five registers 

containing month, day, hours, minutes and seconds, and includes program

mable alarm and interval capabilities, as well as on-board battery backup. 

A block diagram of the instrument, which fits nicely into the family of 

GPIB programmable modules, is shown in fig. 8.4. 
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Fig. 8.4. RT clock GPIB unit block diagram. 

1) J. Wikne, Institute of Physics, Report 83-13, Institute of Physics, 

University of Oslo 

2) J. Wikne, Annual Report 1982, Report 8>19, Institute of Physics, 

University of Cslo, p. 70. 
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9 SEMINARS AND LECTURES 

Date 

17.01 R.J. Peterson (Colorado): New Experiments at the Colorado Cyclotron. 

18.01 R. Widerøe (ETH-Ziirich): Perspectives on Particle Accelerators. 

18.01 R.J. Peterson (Colorado): Some Experiments in Medium Energy Nuclear 

Physics. 

31.01 T.T.S. Kuo (Stony Brook): Convergence Problems of Many-Body Pertur

bation Methods. 

04.02 T.T.S. Kuo (Stony Brook): Model-Space Calculations of Nuclear 

Matter. 

09.02 Meeting on Swedish accelerator plans, with A. Johnson (AFI), 

J. Herrlander (AFI), I. Bergstrøm (AFI), 0. Skeppstedt (Chalmers) 

and H. Ryde (Lund). 

18.03 M. Guttormsen: A Superconducting e-Spectrometer and Measurements 
. 190-196„ 
in Hg. 

21.01 O.K. Gjøtterud: The ERP-Paradox and Bohr's Answer. 

24.02 B. Skaali: Word-Editing on Local Computer Facilities. 

25.02 0. Aspelund: Report from the 5th Nordic Meeting on Intermediate 

and High Energy Nuclear Physics, Geilo, 10 - 14 January 1983. 

04.03 J. Vaagen (Bergen): Overlap Functions; Building Blocks in Nuclear 

Physics. 

07.03 F. Lefebvres (GANIL, France): Orientation on the Possibilities for 

Experiments at Grand Accélérateur National d'lons Lourds. 

22.04 Jin-Yan Zeng (Copenhagen): Pairing Reduction from the Blocking 

Effect. 
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22.04 D. Strottman (Los Alamos): Double Beta-Decay. 

30.05 B. Skaali: Report from the Conference on Real-Time Computer Appli
cations in Nuclear and Particle Physics, Berkeley. 

20.09 J. Rekstad: Plans for new Experiments at uie Oslo Cyclotron. 

11.10 D. Flemming (TRIUMF, Vancouver): Atomic and Molecular Physics 
Studies with Positive Nucleons in the Gas Phase. 

25.10 G. Midttun: Local Area Networks. 

23.11 A. Henriquez: Nuclear Structure at High Temperature (lecture for 
the degree dr.philos.). 

24.11 A. Henriquez: Methods for Determination of the Age of the Universe 
(lecture for the degree dr.philos.). 

24.11 J.D. Garrett (Copenhagen): Recent Developments in the Interpreta
tion of the Discrete Line Spectroscopy of Deformed Rare-Earth 
Nuclei. 

Series of lectures on nuclear many-body theories, spring 1983: 
T.T.S. Kuo (Stony Brook and NORDITA): Convergence problems of 
many-body perturbation methods. 
2.Y. Ma (Stony Brook): Bag models. 
G. de Guzman (Stony Brook): Nucleon-nucleon interaction. 
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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 experiaents at the 

cyclotron: 

University of Bergen: G. Løvhøiden 

K. Nybø 

T. Rødland 

T. F. Thorsteinsen 

University of Helsinki: A. Hautojarvi 

K. Vierinen 

University of Jyvaskyla: J. Aysto 

E. Hammaren 

J. Honkanen 

P. Taskinen 
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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. 

Member of the Council of the European Physical Society 

(from April 15). 

Member of the organizin/ committee of the Nordic Winter 

School in Nuclear Physics in Hemsedal, Norway, 1983. 

Member of the Advisory Committee for the Nordic Nuclear 

Physics Conference in Jyvaskylå', Finland, 1984. 

Referee for Nuclear Physics and Physics Letters. 

K. Gjøtterud Secretary for Norwegian Friends of the Hebrew Univer

sity, Jerusalem, and Norwegian-Israeli Research Fund. 

Referee for Nuclear Physics and Physica Scripta. 

Member of the arranging committee and chairman for one 

session of "International Conference on Collective Pheno

mena in honor of Ya'akov Alpert, Victor Brailovsky, 

Alexander Lerner and Naum Meinman - Moscow Refusnik Seminar 

Stockholm, December 1-2, 1983. 

Member of "International Committee of Scientists for 

Soviet Refusniks". 

T. Holtebekk Chairman of The Norwegian Standardization Organization 

Sub-committee for Technical and Physical Units. 

F.Ingebretsen Member of "The Academic Collegium", University of Oslo. 

Chairman of the Nordic Committee for Accelerator Based 

Research (NOAC). 

Deputy member of the Science Council of The Norwegian 

Research Council for Science and Humanities. 

Member oi Energy Research Advisory Committe, Dept. of Oil 

and Energy. 

Referee for Nuclear Instruments and Methods. 

Member of the Nordic Advisory Committee for the Nuclear 

Physics Conference in Jyvaskyla, Finland, J984. 
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S. Hesselt Referee for Nuclear Instruments and Methods. 

E. Osnes President of the Norwegian Physical Society. 

Member of the Council of the European Physical Society 

(until April 15). 

Member of the Advisory Committee of Nuclear Physics 

of NORDITA. 

Member of the International Advisory Committee for the 

International Conference on Nuclear Physics in Florence, 

Italy, 1983. 

Regional Adviser of the International Summer School on 

Nucleon-Nucleon Interaction and Nuclear Many-Body Problems 

in Changchun, China, 1983. 

Member of the Nordic Advisory Comr.ittee for the Nordic 

Winter School on Microscopic Theories for Collective 

Phenomena in Atomic Nuclei in Hemsedal, Norway, 1983. 

Referee for Nuclear Physics. 

J. Rekstad Associate Editor Physica Scripta. 

Referee Nuclear Physics. 

Member of a solar house committee in the community of 

Drammen as a representative for the Department of Oil and 

Energy. 

Member of a solar house committee in Østfold fylke. 

Course leader and lecturer on "Energy Planning and Envi

ronment" at the International Summer School of the Univer

sity of Oslo. 

Member of the organizing committee of the Nordic Winter 

School in Nuclear Physics Hemsedal, Norway, 1983. 

R. Tangen Member of the Norwegian Academy of Science. 

Member of the board of the Technical Museum. 

P.O. Tjørn Referee for Nuclear Physics. 
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11.2 Conferences 

K. Gj fit te rud participated at World Conference on Soviet Jewry, 

Jerusalem, March 15-17, 1983. 

A. Atac, T. Engeland, G. de Guzman, A. Henriquez, T.T.S. Kuo, Z.V. Ha, 

B. Normoen, E. Osnes, T. Ramsøy and J. Rekstad participated in 

Nordic Winter School on Microscopic Theories for Collective Phenomena 

in Atomic Nuclei, Hemsedal, April 11-21, 1983. 

M. Mehlen participated in Seminar on Solar Energy Models, Stockholm 

April 15, 1983 and Oslo, November 21, 1983. 

T. Engeland, F. Ingebretsen and E. Osnes participated in Symposium 

on International Facilities for Physics Research, Copenhagen and 

Riso, March 21-23, 1983. 

T. Engeland, F. Ingebretsen, J. Rekstad and P.O. Tjørn participated 

in Workshop on Nuclear Structure at High Spin, Niels Bohr Institute, 

Riso, May 1983. 

All members of the group participated in the Annual Meeting, Norwe

gian Physical Society, Oslo, June 6-9, 1983. 

E. Osnes participated in the International Summer School on Nucleon-

Nucleon Interaction and Nuclear Many-Body Problems, Changchun, 

People's Republic of China, July 25-31, 1983. 

0. Aspelund, T. Engeland, A. Henriquez, E. Osnes and J. Rekstad 

participated in the International Conference on Nuclear Physics, 

Florence, Aug. 28 - Sept. 3, 1983. 

E. Osnes participated in the Symposium on Theoretical Physics on the 

Occasion of the 60th Birthday of Professor Haakon A. Olsen, Trondheim, 

Sept. 16, 1983. 

F. Ingebretsen participated in Physics at AFI-Symposium, Stockholm, 

August 1983. 



89 

F. Ingebretsen participated in Workshop on the Physics Program at 

CELSIUS, Uppsala, Noveaber 1983. 

M. Heblen participated in International Conference on Collective 

Phenoaena, Moscow Refusnik Seminar, Stockholm, December 1-2, 1983. 

11.3 Visits and Talks 

T. Bjørnstad: Lecture at "Avdeling for industriell kjemi", SI, Oslo, 

April 13, 1983: 

Possible Chemical Analyzing Methods at Oslo Cyclotron 

Talk at Seminar on Trace Elements in Blood, University of 

Oslo, May 10, 1983: 

Particle Beams in Chemical Analysis of Biological Material. 

Lecture at Research Center, ELKEM, Fiski, May 22, 1983: 

Chemical Analysis of Light Elements by Means of Nuclear 

Reactions Induced at the Oslo Cyclotron. 

F.Ingebretsen: Lectures at the International Summer School, University 

of Oslo: 

Energy production in the future based on nuclear processes. 

Lecture for the Energy Research Committee, Oil and Energy 

Dept.: 

Thermodynamics for pedestrians. 

Visit to the University of Caen and GANIL, June/July 1983. 

K. Gjøtterud: Talk at Scientist Colloquium, World Conference on Soviet 

Jewry, Jerusalem, March 15-17, 1983: 

Refusnik Scientists Seminars in the USSR. 
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M. Hehlen: Talk at the Brailowsky Seminar, Moscow, February 26, 1983: 

On Solar Heating of Houses. 

Lectures at the University of Oslo, "Rådet for Natur og 

Miljøfag" Nov. 4. 1983: 

Potential of Solar Energy Heating used in Norway and the 

Limits Given by Physics and Climate. Phases in Planning of 

a Solar Energy Heating System. 

E. Osaes: lecture series on "Giant Resonances" at riuclear Winter 

Schcool on Microscopic Theories for Collective Phenomena 

in Atomic Nuclei, Hemsedal, April 11-21, 1983. 

Lecture on "Present Status of Effective Interactions" at 

International Summer School on Nucleon-Nucleon Interaction 

and Nuclear Many-Body Problems, Changchun, People's 

Republic of China, July 25-31, 1983. 

Talk on "Coriolis and Recoil Effects in Transitional 

Nuclei" at Fudan University, Shanghai, People's Republic 

of China, August 11, 1983. 

J. Rekstad: Lecture on "Nuclear Structure at High Energy and Low Spin" 

at Nuclear Winter School on Microscopic Theories for 

Collective Phenomena in Atomic Nuclei, Hemsedal, April 

11 - 21, 1983. 

Lecture series on "Solar Energy" at the International 

Summer School, University of Oslo, July, 1983. 
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THESES, PUBLICATIONS AND REPORTS 

12.1. Theses 

1. Adolfo Henriquez: 

A Ctudy of Two-body Effects in the Particle-Rotor Model. 

Dr.philos, thesis 1983. 

2. Knut Eldhuset: 
164 

A Study of Highly Excited, Low-Spin Levels of Sm by the Reaction 
1 4 7Sm( 3He, 4He) 1 4 6S r o. 

Cand.scient. thesis, 1983 (in Norwegian). 

3. Roar Haugland 

An Investigat: 

Cand.scient. thesis, 1983 (in Norwegian). 

An Investigation of l 6 0Dy Formed in the Reaction l 6 1Dy( 3He, Ha) 1 °Dy. 

4. Bjørn Nordmoen: 

Level Structure in the Highly Excited Range of Deformed Nuclei in 

the Rare Earth Region. An Investigation by the Reaction 

1 5 7Gd( 3He, 4He) 1 5 6Gd. 

Cand.scient. thesis, 1983 (in Norwegian). 

5. Tore Ramsøy: 

A Study of 1 4 oNd by the Reaction '""NdCHe^HeJ^-^Nd. 

Cand.scient. thesis, 1983 (in Norwegian). 

6. Tor Næss Schlanbusch: 

TSPEC - An Interactive Program for Ge(Li) Spectrum Peak Fit. 

Cand.real, thesis, 1983. 

7. Rolf Magne Aasen: 

An Investigation of the Reaction Sm( He, He) Sm. 

Cand.scient. thesis, 1983 (in Norwegian). 
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12.2. Publication» 

12.2.1 Nucl jar_Pjtø«ica_and_lMtru(5ntatlon 

I. 0. Aspelund: 
Nuclear Structure and Nuclear Reaction Aspects of Faessler and 

Greiners's Rotation-Vibration Coupling Theory. 

Ann. Phys., in preca. 

2. Y.K. Agarval, J. Pecht, H. HUbel, M. Guttorasen, D.J. Decaan, 

H. Kluge, K.H. Haier, J. Dudek and W. Nazarevicz: 

High Spin Rotational Band* and Pairing Reduction in 1 Hf. 

Nucl. Phys. A399 (1983) 199. 

3. T. Engeland, A. Henriquez and J. Rekstad: 

The Coriolis Attenuation Problea) in the Perturbed ii-w. Neutron 

Bands. 

Phys. Lett. 120B (1983) 19. 

4. H. Guttorasen, J. Rekstad, A. Henriquez, F. Ingebretsen and 

T.F. Thorsteinsen: 

Non-Statistical Cooling of Highly Excited Dy Nucleus. 

Phys. Rev. Lett., in press. 

5. M. Guttormsen, A.v. Grusibkow, A.K. Agarwal, K.P. Bluae, K. Hardt, 

H. HUbel, J. Recht, P. Schiller, H. Kluge, K.H. Maier, A. Maj and 

N. Roy: 

The ( v i 1 3 / 2 ) g * t l 0 * f I 2 + Triplets in
 1 9 ° - 1 9 6 H g . 

Nucl. Phys. A398 (1983) 119. 

6. M. Guttormsen, K.P. Blume, Y.K. Agarwal, A.v. Gruabkow, K. Hardt, 

H. HUbel, J. Recht and P. ShUler: 

Rotation Aligned Bands and Configuration Dependent Interaction in 
1 8 9 H g . 

Z. Phys. A312 (1983) 155. 
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X. Hardt, Y.K. Agarval, C. Gunther, li. Cuttoraeen, R. Krota, 

J. Recht, F.A. Beck, T. Byraki, J.C. Herdinger, A. Hourrediøe, 

D.C. Radford, J.P. Vivien and C. Bourgeois: 
2 I M 

Observation of the Weakly Deforaed V» 1 3/ 2 B * 0 4 l n >S-
Z. Phys. A312 (1983) 251. 

A. Henrlques, J. Rekstad, F. Ingebretsen, M. Cuttorasen, K. Eldhuset, 

B. Nordaoen, T. Raaséy, R. Renitraa* .Pedersen, R.H. Aasen, T.F. Thor-

steinsen and E. Haaaarén: 

The Decay f roa the Two Quasi-Particle Regine in Even-Even Deforaed 

Rare Earth Nuclei. 

Phys. Lett. 130B (1983) 171. 

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

The Coriolis Attenuation 

Nucl. Phys. A410 (1983) 1 

235 The Coriolis Attenuation Problem in U. 

10. H. Hiibel, M. Gut to rusen, K.P. Bluoe, J. Recht, A.v. Gruabkow, 

K. Hardt, P.S. Schiiler, Y.K. Agarval and A. Haj: 
203 205 Isomeric Transitions in ' Bi. 

Z. Phys. A314 (1983) 89. 

11. J.R. Lien, G. Løvhøiden, J. Rekstad, A. Henriquez, C. Gaarde, 

J.S. Larsen, S.Y. van der Werf and J.C. Waddington: 
i» •i 

High-Spin Particle States in JSm Studied with the (o. He) Reaction. 
Nucl. Phys., in press. 

12. G. Middtun, F. Ingebretsen, K. Holt, B. Skaali: 

A fast ADC Scanner for Multiparameter Nuclear Physics Experiments. 

IEEE Trans. Nucl. Sei., NS-30, (1983) 3852. 

13. A. Polls, H. Miither, A. Faessler, T.T.S. Kuo and E. Osnes: 

Three-Body Forces in sd-Shell Nuclei. 

Nucl. Phys. M O ! (1983) 124. 

14. T. Ramsøy, J. Rekstad, A. Henriquez, F. Ingebretsen, M. Guttonnsen, 

E. Hammaren and T.F. Thorsteinsen: 
145 

Deep-Lying vh,... Hole States in Nd. 

Nucl. Phys., in press. 
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li. J. Recht, Y.K. Agsrval, M. Guttorwen, 8. HObcl, D.J. Decaan, 

M. Kluge, K.H. Kaier, N. Roy, J. Dudek and V. Naurewicx: 

Delayed Second Band Crossing in 

Phys. Lett. 12ZB (1983) 207. 

16. J. Rekstad, A. Henriquez, F. Ingebretaen, G. Midttun, B. Skaali, 

R. Øyan, J. Wikne, T. Engeland, T.F. Tboriteinien, E. Hasaaren and 

E. Liukkonen: 

A Study of the Nuclear Structure at High Energy and Low Spin. 

Phys. Scripts T5 (1983) 45. 

17. J. Rekstad, B. Nordnoen, A. Henriquez, F. Ingebretien, S. Hesselt, 

T.F. Thorsteinsen and E. Hannaren: 

The (3He,Cf) Strength Functi ons in Rare Earth Nuclei. 

Nucl. Phys., in press. 

18. B. Skaali, A. Haugen, F. Ingebretsen, G. Midttun: 

SHIVA - a Multitask Data Asquisition System for the Oslo Cyclotron 

Laboratory. 

IEEE Trans. Nucl. Sei. NS-30 (1983) 3947. 

19. C.X. Yang, J.D. Garret, J. Kownacki, G.B. Hagemann, B. Herskind, 

J.C. Bacelar, J.R. Leslie, R. Chapman, J.C. Lisle, J.N. Mo, 

A. Simcock, J.C. Willmott, W. Walus, L. Carlén, S. Jonsson, 

J. Lyttkens, H. Ryde and P.O. Tj*m: 

The identification of the % [660] Proton orbitals at High Spins in 

Rare Earth Nuclei. 

Nucl. Phys., in press. 

20. J.C. Wikne: 

A CAMAC Datarate Supervision Module. 

Nucl. Instr. Meth. 216 (1983) 161. 

21. J. Aysto, J. Honkanen, W. Trzaska, K. Eskola, K. Vierinen and 

S. Messelt: 

Features of the Beta-decav of Ru to Proton Emitting States in 

9 3Te. 

Nucl. Phys. A404 (1983) 1. 
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22. R.N. Atten, J. ReksUd, A. Henrique*, F. Injebretaen and H. Cuttora-

ten: 

Caaau-ray Energy Dependence of Trantitlen Probabilitiea in the 

ConUnuun. 

Phyt. Rev. C28 (1983) 1857. 

?2.3 Conference Contribution!. Report!. Preprinti 

12.3.1 Nuclear_Physicj_;nd_Igjtru«egtation 

1. Nuclear Physics Group Annual Report. 

Report 83-19, Institute of Phytics, Univenity of Oslo. 

2. 0. Aspelund: 

Understanding Nuclei in the Middle of the 2s-ld Shell. 

Report at Ann. Meeting Norw. Phys. Soc, Oslo June 6-9, 1983. 

3. 0. Aspelund: 

Channel-Coupling in the Middle of the 2s-ld Shell. 

Proc. Int. Conf. on Nuclear Physics, Florence, 1983, vol. 1, p. 125. 

4. 0. Aspelund: 

Dynamically Favoured Higher-Order Rotational-Vibrational Excitations. 

Report 83-45, Institute of Physics, University of Oslo. 

5. 0. Aspelund: 

Dynamically Favoured Higher-Order Rotational-Vibrational Excitions. 

To be published. 

6. T. Bjørnstad, T. Holtebekk and A. Ruud: 

The Production of 8 1 m K r Generators at the Oslo Cyclotron. 

To be published. 

7. T. Bjørnstad, J. Alstad and T. Johannesen: 

The Construction of a Facility for 14 MeV Neutron Activation Analysis 

of Oxygen in Aluminium. 

To be published. 
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S. T. Bjørnstad, T. Holtebekk, J.P. Raaba* and A. Ruud: 

Hessureaent of Mechanical Wear in Hydraulic Kotora by Meana of toe 

TLA-technique. 

The Radionuclide Project at the Oslo Cyclotron, 

Project Report June 83. 

9. T. Bjørnstad, T. Holtebekk and A. Ruud: 
81a. 
T(r for Lung Ventilation Studies - Routine Production at the Oslo 

Cyclotron. 

Norw. Soc. Nucl. Med. Seminar, Gausdal, April 22 - 24, 1983. Poster 

and oral presentation. 

10. J.D. Garrett, G.B. Hagemann, B. Herskind, J. Kounacki, B.H. Nyako, 

P.J. Nolan, J.F. Sharpey-Schafer and P.O. Tjern: 

Signature Dependent HI and E2 Transition Probabilitiea in Ho and 
, 5 7Ho. 

Submitted to Nucl. Phys. 

11. J.D. Garrett, H. Guttormsen, G.B. Hagemann, A. Henriquez, B.Herskind, 

F. Ingebretsen, J. Kownacki, G. Løvhøiden, J. Rekstad, T.F. Thor-

steinsen and P.O. Tjflm: 

Multiband Crossing in Dy. 

To be published. 

12. M. Guttormsen, H. Hiibel, A.V. Grumbkow, Y.K. Agarwal, J. Recht, 

K.H. Maier, H. Kluge, A. Maj, M. Menningen and N. Roy: 

A Superconducting Electron Spectrometer. 

Nucl. Instr. Meth., to be submitted. 

13. A. Henriquez, T. Engeland and J. Rekstad: 
235 

The Coriolis Attenuation Problem in U. 

Proc. Int. Conf. on Nuclear Physics, Florence, 1983, vol. 1, p. 196. 

14. H. Hiibel, G.D. Dracoulis, A.P. Byrne, R.F. Davie and M. Guttormsen: 
194 

Third Backbending in Hg. 

To be published. 
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15. T.T.S. Kuo, Z.Y. Ha and E. Otnes: 

Model-Space Single-Particle Spectrin and Hicroicopic Calculation of 

Fermi Liquid Parameters. 

Proc. Int. Conf. on Nuclear Physics, Florence, 1983, vol. 1, p. 41 

and poster presentation. 

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

Folded-Diagram Theory of the Effective Interaction in Atomic Nuclei. 

To be published. 

17. G. Løvhøiden, J.R. Lien, J. Rekstad, C. Gaarde, J.S. Larsen, 

S.Y. van der Werf and J.C. Waddington: 

High-Spin Particle States in Samarium Isotopes Studied with the 

(cr,3He) Reaction at 40 MeV. 

Proc. Int. Conf. on Nuclear Physics, Florence, 1983, vol. 1, p. 160. 

20. Z.Y. Ma, T.T.S. Kuo and E. Osnes: 

Model-Space Microscopic Calculation of Fermi Liqu.;d Parameters. 

Proc. Ann. Meeting Norw. Phys. Soc, Oslo, 1983 (University of Oslo, 

1983) p. 18. 

21. S. Messelt: 

A simple Ion-Source Puls ing System for Life Time Measurements in the 

ras-Region. 

Report 83-28, Institute of Physics, University of Oslo. 

22. G. Midttun, F. Ingebretsen, K. Holt and B. S!:aali: 

A fast ADC Scanner for Multiparameter Nuclear Physics Experiments. 

Report 83-15, Institute of Physics, University of Oslo. 

23. E. Osnes: 

Present Status of the Effective Interaction in Nuclei, 

lecture at the International Summer School on Nucleon-Nucleon Inter

action and Nuclear Many-Body Problems, Changchun, China, 1983. 

Report 83-41, Institute of Physics, University of Oslo. 
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24. J. Rekstad, A. Henriquez, F. Ingebretsen, H. Guttorsueo, T.F. Tbor-

steinsen and E. Haanrén: 
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