NUCLEAR
STRUCTURE
PHYSICS .

e """.‘ - Editors: i Aidiagls s £
Sl HAEL IO
I M IRNINE "

0 LN

ey e

e Proceedmg@ e£ the ,
Elg‘lteenth Scottish Unwersmes Summer Sehool i 00
SN T Physxcs g i el R

s T L RIS TR s S e )




Nuclear Structure Physics

Proceedings of the Eighteenth Scottish
Universities Summer School in Physics

St. Andrews, August 1977

A NATO Advanced Study Institute

Edited by
S.J. HALL

University of Glasgow, Scotland.

and

J.M. IRVINE

University of Manchester, England.

Published by the

Scottish Universities Summer School in Physics



SUSSP PUBLICATIONS

Edinburgh University Physics Department
King's Buildings, Mayfield Road

Edinburgh.

Further copies of this book may be obtained

directly from the above address.

Copyright (:) 1978
by the Scottish Universities Summer School in Physics

All rights reserved

No part of this book may be reproduced in any
form by photostat, microfilm, or any other means

without written permission from the publishers.

ISBN 0 905945 01 8



O 00 N O 0 &M~ W N -

10
11
12
13
14
15
16

17
18

19

1960
1961
1962
1963
1964
1965
1966
1967
1968

1969
1970
1971
1972
1973
1974
1975

1976
1977

1978

PREVIOUS SUSSP PROCEEDINGS

Published by Oliver & Boyd (Edinburgh)

Dispersion Relations

Fluctuation, Relaxation and Resonance in Magnetic Systems
Polarons and Excitons

Strong Interactions and High Energy Physics

Nuclear Structure and Electromagnetic Interactions
Phonons in Perfect and Imperfect Lattices

Particle Interactions at High Energies

Mathematical Methods in Solid State and Superfluid Theory

Physics of Hot Plasmas
Published by Academic Press

Quantum Optics

Hadronic Interactions of Electrons and Photons

Atoms and Molecules in Astrophysics

Electronic/Structural Properties of Amorphous Semiconductors
Phenomenology of Particles at High Energies

The Helium Liquids

Non-Linear Optics
Published by SUSSP

Fundamentals of Quark Models

Nuclear Structure Physics
Forthecoming Publications

Metal Non-metal Transitions in Disordered Systems



EXECUTIVE COMMITTEE

Reid, Professor J.M.,
I,
Whitehead, Dr. R.R.
Hall, Dr. S.J.

Crawford, Dr.

Irvine, Dr. J.M.
Ledingham, Dr. K.
Owen, Dr. R.
Shotter, Dr. A.
Watt, Dr. A.

LECTURERS

England, Dr. J.B.A.

Green, Professor A.M.

Greiner, Professor W.
Jackson, Professor D.F.

MacFarlane, Professor M.

Pauli, Professor H.C.

Penner, Dr. S.

Scott, Professor D.K.

Specht, Professor H.J.
Speth, Professor J.

Glasgow, (Director)

Glasgow, (Secretary)
(Treasurer)
Glasgow, (Joint Editor)
Manchester, (Joint Editor)
Glasgow, (Social Secretary)
Glasgow, (Steward)
Edinburgh, (Steward)

Glasgow, (Steward)

Glasgow,

Birmingham University, U.K.

Institute of Theoretical
Physics, Helsinki, Finland.

Frankfurt University, Germany.
Surrey University, U.K.

Argonne National Laboratory,
U.S.A.

Max—-Planck Institute,
Heidelberg, Germany.

N.B.S., Washington D.C., U.S.A.

L.B.L. California University,
U.S.A.

Heidelberg University, Germany.

Institut fur Kermphysik, Julich,
Germany .



PARTICIPANTS

Dr. M da C Abreu, Lisbon

Mr. M.S. Afghani, Bradford
Mr. A. Al-Naser, Liverpool
Mr. C.G. Andersson, Lund

Mr. X.A. Aslanoglou, Demokritos
Mr. S. Baird, Birmingham

Mr. A. Bockisch, Germany

Mr. J.M. Cavedon, Saclay

Mr. G.L. Cleland, Glasgow

Mr. M.C. Cooke, Harwell

Dr. T.M. Cormier, Stony Brook
Dr. J. Cugnon, LZege

Mr. R.P. DeVito, East Lansing
Mr. K.S. Dhuga, Birmingham
Dr. M. Durand, Grenoble

Dr. M. Faber, Wien

Dr. L.W. Fagg, Washington D.C.
Dr. H. Ferdinande, Ghent

Dr. D.J.S. Findlay, Glasgow
Mr. E. Flerackers, Limburgs
Mr. A.G. Flowers, Edinburgh
Dr. G. Fratamico, Bologna

Dr. K. Fukuda, Japan

Dr. Y.R. Gaillard, France
Miss S. Gary, Saclay

Dr. P.D. Giacomo, Frascati
Mr. D.J. Gibson, Glasgow

Dr. M.D. Glascock, Maryland
Mr. C.A. Harter, Manchester
Dr. H. Jasicek, Wien

Dr. R. Kamermans, Netherlands
Mr. A.M. Klein, Tel-Aviv

Mrs. E.A. Knight, Glasgow

Mr. R. Wadsworth, Liverpool
Mr. A.0. Williams, Manchester

Mr. J.P. Labrie, Montreal

Mr. J. Larysz, France

Mr. M.J. Leitch, M.I.T.

Dr. G. Lhersonneau, Leuven

Mr. C.J. Lister, Liverpool

Mr. M.N. Martins, Sao Paulo
Mr. M. Modarres, Manchester
Professor G.M. Morrison,Birmingham
Dr. D. Muller, Princeton

Mr. J. Okolowicz, Poland

Dr. R.0. Owens, Glasgow

Dr. A. Pantaleo, Bari

Dr. G. Pantaleo D'Erasmo, Bari
Dr. Phan-Xuan-Ho, Saclay

Dr. S. Plattard,Bruyeres-le—Chatel
Mr. Polls~Marti, Granada

Mr. G. Proudfoot, Oxford

Dr. R.M. Ronningen, Heidelberg
Dr. J. Sanchez-Dehesa, Julich
Dr. A.M. Saruis, Bologna

Dr. R. Schwentker, Mainz

Mr. F. Sever, Ljubljana

Dr. P. Singer, Heidelberg

Dr. E. Spamer, Darmstadt

Dr. F. Stancu, Leige

Dr. R.S. Storey, Ottawa

Dr. H. Thierens, Ghent

Mr. J.A. Tostevin, Guildford
Miss S. Turck, Saclay

Dr. H. Van der Voorde, Leuven
Mr. B.J. Varley, Manchester
Mr. J. Verplancke, Leuven

Dr. A. Vidal-Quadras, Barcelona
Dr. A. Wolf, Beer-Sheba
Dr. A. Zucchiatti, Genoa






HNEOARWIZNWNQAPURPOQALOMIPOLOILLQUEPINUHY

Shotter
Crawford
Speth

C Pauli

M Green
Greiner

F Jackson
M Reid

B A England
H MacFarlane
Penner
Watt

R Whitehead
J. Hall
Ledingham
Lhersonneau
Al-Naser
Modarres
Muller
Wolf
Fratamico
Singer
Pacholek

Di Giacomo
da C Abreu
D'Erasmo
Turck
Stancu

Key to group photograph

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52,
53.
54.
55.
56.

URPPIIPIQAPIDIDATULGCLUARIBEPD IKQIPRYN

Gary
Anderson
N Martins
M Sarius
Wadsworth
J Lister
R Gaillard
Schwentker
Zucchiatti
W Fagg
Spamer
Kamermans
J Leitch
G Anderson
Baird
Cugnon
J Gibson
S Dhuga
P de Vito
S Storey
Bockisch
A Harter
C Cooke
Vidal-Quadras
Pantaleo
Polls-Marti
D Glascock

Sanchez-Dehesa

57.
58.
59.
60.
6l.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
8l.
82.
83.

X A Aslanoglou
M S Afghani
A M Klein

J A Tostevin
B J Varley

P Martin

J M Cavedon
D J S Findlay
H. Jasicek

A G Flowers

H Ferdinande
J Larysz
Phan-Xuan-Ho
Faber
Thierens

M Cormier
M Ronningen
Plattard
Sever

L Cleland
Okolowicz
Proudfoot
Fukuda

M Irvine

J Specht

K Scott

A Knight

momaAOauO" @R



DIRECTOR'S PREFACE

The Eighteenth Scottish Universities Summer School in Physics was held
in the University of St. Andrews from 31st July - 20th August, 1977.

It is twelve years since the Scottish Universities' Summer School
in Physics was last devoted to the subject of Nuclear Physics and the
school reflected the many advances, both in theoretical understanding
and experimental technique, which have taken place in the intervening
years. We felt it appropriate to pay particular attention to the
developments in heavy ion physics and electromagnetic interactions with
nuclei.

We were fortunate to be able to call on a body of lecturers who not
only have made considerable personal contributions to these advances
but who are also noted for their lecturing skills. Their enthusiasm
for their subject was readily transmitted to the students resulting in
a very successful school. These Proceedings I believe will prove a
significant contribution to the literature on Nuclear Physics and will
help to spread the benefits of the school to a larger audience than
those who were able to attend.

The School was sponsored by and had the support of the eight
Scottish Universities and the Scientific Affairs Division of NATO.

The participants, the lecturers and their families were housed in
David Russell Hall and we are greatly indebted to the Warden,

Dr. C. Ingram and the Domestic Bursar, Mrs. Ferguson, for the excellent
organisation, catering and other arrangements. The lectures and
seminars were held in the Physics Building of the University and it is
a pleasure to acknowledge the kind assistance and hospitality accorded
us by Professor J.F. Allen and his staff. In particular we are

grateful to Dr. D.M. Finlayson and Dr. N. McGill.



Finally I wish to acknowledge the contributions made by all those
who helped to organise and run the School. Ian Crawford, as
Secretary, handled all the correspondence for School before, after and
during our stay in St. Andrews. Sam Hall and Max Irvine edited a
volume that at times threatened to grow without limit. Rex Whitehead
managed to balance the books. Ken Ledingham organised the social
activities while my wife Jean arranged the ladies programme.

Bob Owen, Alan Shotter and Sandy Watt fetched and carried and generally

attended to the hundred and one duties which were required for the

smooth running of the School.



EDITORS' NOTE

The articles in this volume have been prepared by the authors and are
based closely on the lectures presented at the Summer School.

Editing has been minimal, directed towards correcting errors and
achieving some degree of uniformity of notation throughout the volume.

In addition to the formal lectures a number of informal seminars on
Mesonic Effects in Nuclei, Gas Filled Detectors, Giant Dipole
Resonances, Heavy Ion Potentials, Fission, C.W. Accelerators, Giant
Multipole Resonances and Photonuclear Reactions were held but these
are not recorded in these Proceedings.

We are grateful to J. Spark, T. McQueen and B. McAndie for technical
assistance during the period of the School and to Norma Pacholek,
Heather Kimber and Pat Anderson for secretarial assistance throughout
the preparation of the Proceedings.

Finally, we should like to express our gratitude for the

unprecedented co-operation which we received from our Lecturers.
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