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SCOPE AND CONTENTS:

The nuclear properties of 70Ga have been investigated

by several methods. High resolution studies of the reactions

69Ga (d,p)70Ga and' 71Ga (d,t)70Ga show that 7 levels exist

below 1 MeV excitation, with a large gap of 508 keV separa

ting the first two. Between land 2 MeV, 42 additional

levels are observed. Parities and spectroscopic factors

for the low lying levels were extracted by DWBA analysis

of the proton and triton angular distributions.

Electromagnetic decay properties of the levels of

70Ga were investigated by means of the 70zn (p,ny)70Ga reaction.

Gamma ray angular distribution and linear polarization

measurements were used to elucidate spins of low lying levels

and mixing ratios of the transitions. Gamma-ray yields

as a function of energy are shown to depend markedly on the

spin of the level, in agreement with Hauser-Feshbach calcu

lations for the (p,n) cross section. Analysis of the decay

of the low lying levels indicates the existence of remarkably

few El transitions.
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A theoretical calculation of the energy levels of

70Ga is presented in the light of the shell model. Both

the zero range and surface delta interactions were used as

the residual interaction between the nucleons. The sur-

face delta interaction is shown to reproduce the energy

levels much better than the zero range force, but fails to

predict the large energy gap between the first two levels.
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INTRODUCTION

The continuing effort by physicis'ts to understand

the diverse properties of nuc1ei has involved the utilization

of many, highly sophisticated, experimental techniques. Of

particular value in this effort is the study of nuclei with

odd numbers of protons and neutrons. Whereas the energy

levels of even-even nuclei are mainly determined by the

pairing interaction, in which pairs of nuclei are coupled

to J = 0, and T = 1; odd-odd nuclei are more sensitive to

the nucleon-nucleon interaction for J > 0, T = 1 and for

T = O.

Because of the much higher density of states, odd-

odd nuclei have been more difficult to study experimentally.

Aided by recent advances in exper~ental technique and by

the development of sophisticated computer programs for per-

forming complex theoretical calculations, researchers have

begun to investigate odd-odd nuclei in the s-d shell, and

more recently, in the f-p shell.

Thiswork is an experimental study of the structu~e

of 70Ga . Situated well into the f-p shell, with 3 protons

. h 56N · . thand 11 neutrons outs~de t e ~ core occupy~ng e P3/2'

Pl/2 and g9/2 orbits, this nucleus provides a test for

shell model predictions further away from closed shells.

f 5/ 2 ,
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When this work was initiated the known data on 70Ga

were few. Morozov et al (1959) and Glagolev et al (1959)

had attributed to 70Ga a 20 ms isomer which de-excited with

a ~ 180 keV y-ray. This identification was later confirmed

by Meyers and Schats (1966). Rester et al (1966) had

observed conversion electrons corresponding to a 188 keV

transition and used a NaI detector to detect gamma rays

following the reaction 70zn (p,n)70Ga • They placed levels at

0.188, 0.448, 1.03 and 1.66 MeV. Since 70Ga is located be-

tween two stable isobars, it has not been studied by a-decay.

In order to enlarge upon this information, this in-

vestigation was undertaken. The first study, to determine

the locations, parities, and spectroscopic factors of the

69 70 0levels, used the Ga(d,p) Ga reactlon. This was followed

by an investigation of the 71Ga (d,t)70Ga reaction to see if

additional levels would be populated.

of the

tions

In order to learn about the electromagnetic transi
070

that occur between the levels in Ga, an in-beam study

70 zn (p,ny)70Ga was undertaken. Gamma-rays were placed

in the decay scheme with the aid of singles data, excitation

functions and coincidence measurements described in Chapter

III. During the course of these investigations, several

other studies of 70Ga were published. These include the

results of the 69Ga (n,y) 70Ga experiments of Vervier and Bolotin

(1971) and of Linusson et al (1970). These experiments, and

. . 70 Z ( ) 70Gthe neutron time-of-flight measurements 1n tne n p,n a
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reaction by Finckh. et a1 (1970) and Tanaka et al (1970)

essentially agreed on the locations of levels in 70Ga •

Studies of the decay of levels in 70Ga include the work of

Linusson et a1 (1970) who measured the low energy y-ray

spectrum from 69Ga (n,y)70Ga , and Arnell et a1 (1970) who studied

y-rays produced in the 70 Zn (p,n) 70Ga , 67 zn (a,p)70Ga and

69Ga (d,p) 70Ga reactions. It should also be pointed out that

preliminary accounts of the present work have already been

reported at two conferences (Dohan and Summers-Gill 1970, 1972).

In spite of all these data which establish the levels

up to ~ 2MeV, there was still a need for definite spin

information. Accordingly, the angular distributions of many

of the y-rays were determined, as well as the linear polariz-

ation of two of the y-rays, These measurements are also

described in Chapter III.

As the information on 70Ga accumulated, the interpre-

tation of the levels became increasingly a challenge. For

clarity, however, all of these considerations are deferred

to Chapter IV.



CHAPTER I

NUCLEAR THEORY

1.1 Nuclear Shell Theory

l.la The Individual Particle Model

One of the main objectives of the study of nuclear

physics is the underst~nding of the s~ructure of nuclei.

Mathematically, the complete description of nuclear structure

is contained in the correct total wave functions of the nucleus,

which consMts of A strongly interacting particles or nucleons.

The exact form for the nucleon-nucleon interaction is not

known, however. Even if the mutual interactions are complete

ly specified, there is no exact solution to the quantum

mechanical many body problem. The progress made so far in

understanding many features of nuclear structure has been due

to the use of models. Among these, the shell model, or more

precisely, the individual particle model, has been very success

ful in explaining and predicting a vast amount of experimental

data.

Shell models are characterized by the assumption that

each member of a system of interacting particles moves, almost

independently of the others, in its own closed orbit. To a

first approximation, the interaction of any nucleon with the

4
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rest of the nucleus is described by an average single particle

potential U(r). Following Goeppert Mayer (1948,1949) and Haxel,

Jensen and Suess (1948, 1949), the mean potential is a sum of

central and spin~crbit terms.

U = U(r) + ~ 1·; .

The Hamiltonian of this independent particle version of the shell

model is thus

A
Ho = L Ho(i)

i=l

H (i) = T. + U.o ~ ~

where T. and U. are the kinetic and potential energies of the
~ ~

i
th

nucleon and the sum embraces all A constitutents of the

nucleus.

The shape and depth of u(r) and the strength of the

spin-orbit potential can now be adjusted in such a way that the

spectrum of Ho reproduces the observed single particle level

systematics. In practice, for a given nucleus, a harmonic oscil-

lator well is assumed with the well parameter chosen to produce

agreement with the r.m.s. radius of the nucleus. The eigen

functions of H constitute a complete set·{~ntjm} of single
o

particle states, each characterized by its principal quantum

number n, orbital quantum number 1, and total spin quantum

number j with z-projection m. Within the identical nucleon

framework, or the isospin formalism, each nucleon is assigned

an additional quantum number t, known as the isospin, with z
















































































































































































































































































































