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Abstract

Excited states in the neutron-deficient transitional

nuclei 112,114, 116 T'e have been studied by means of heavy-ion

(H.I.,xnypza) reactions. Levels up to spin 22fi at e~citation

energies of up to 9 )JeV were established usin.g y-y coinci-

dence, y-ray angular

and, in the case of

distribution, y-ray excitation
112 .

Te, y-y-time measurements.

function

In addi-

tion, the characteristics of a number of fusion-evaporation

reactions leading to residual nuclei in this region have been
. I .

analyzea and compared to theoretical predictions.

P~sitive-parity structures above spin 4+, 8+ and 14+
. \.. 112 114 116.' .'

in Te. Te and Te respect~velY as well as negative-. '.

parity bands based on 8(-) and 9(-) state~ are reported for

_:the first time. Posi;tive- and negative-parity band

structures.up~tO spin 16+ are comparea to the'predictions of
"

a number· of models usually applied to transitional nuclei,

and interpreted in terms of valence single-particle plus

collective vibrational degrees· of freedom. At higher spins

(12fi to 22fi) no strong e~idence for tbtational structure is

seen.

As~part of the data analysis for the· present work, a.:'
numerical deconvolution method appropriate to y-ray spectra

is presented in the~Appendix.

•
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Chapter One - Introduction

Our understanding of nuclear structure is based on an

extensive body of experimental evidence,spanning a wtde range
I

of nuclear systems. con.:ainin g from two all the way up to

h~eds of nucleons. To a large extent the way in which we

classify these systems is determined by models which have

been formulated in attempts to explain observed behaviour.

The nuclei in the vicinity of Z=50 constitute an area of

which our experimentally-obtained knowledge has increased

substantially in recent years; in addition, they are examp-

lei> of nuclear systems which do 'not fit neatly into conve-

- nient classifications. They therefore provide interesting

tests of 'many aspects of nucl~ar structure physics.

A number of the neutron-deficient nuclei in this

region have been examined using in-be!!-m gammo.'-ray spectro-

scopy or mass-sep'ara ted 'isotope decay studies. High spin

states in 102Cd ' (ref. Tr82), 106,l08Sn (An~l,Au~O), l16-l22Te
" .. .

(Ch82,Va82) and 116,118Xe (Ja84,Ke84) have been st~died in-

beam using heavy-ion (H. I.) fusion-evaporation reaotions,

while the masses and/or unusual decay properties of very

neutron~deticient nuclei such 106T 110Xe (Sc8l) andas e,

114Cs ( R080') have been deduced by means of on-line l1)ass

1

------~..--~~.



separa t ion and beta-., proton-, and alpha-decay spec troscopy

following H.I. r~actions s~ch as 58 Ni +.58Ni . Some of those

properties have been used to infer the characteristics of

nuclei nearer the postulated double shell closure at Z=N=50,

i.e. 100Sn.

Concerning the neutron-deficient A < 116 1e isotopes f

very little in the way of detailed nuclear structure infor-

rna tion was ~nown before this study. These nuclei, having

Z=52, lie just outside the Z=50 Sn closed proton shell and as

such are considered \ be "transitional", having neither

overtly collective defo~d structure nor purely spllerica1

characteristics. There are indications, looking at nuclei'in

the close vicinity, of competition between a number of the

elementary modes of excitation which give rise to nuclear

spectra, in this case single-particle shell model, vibra-

tional and rotational degrees of freedom. Firstly, low-lying

levels in nearby even Sn isotopes display 0+~2+-4+-6+ sequen­

ces, the spacings of which have been i ntElrpreted as two

valence neutrons outside the closed proton shell, coupled

108with a short-range interaction (eg. Sn; An81). Positive-',

pari ty levels in 134Te exhibit similar beha~iour, .only in
"

this case the interpretation considers two protons outside a

Z=50, N=82 inert core. The presence of the g9/2 proton

excitation across the Z=50 closed shell, in. the structure of

odd-A Sb (Z=51) and I (Z=53) isotopes, has been demonstrated

by the S~ony Brook group (eg. Sh79,82,Ga82), among others.

'.
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Secondly, the

J
1T =2+ d 4+ ,an exc~ted

ratios of the energies of the first

112-130 i,',
Te isotopes vary between' 1.95 (A=130) and 2.14

(A=112)" close to the value-- of 2.00 predicted by the simple

harmonic vibrational model. The presence of other members of

, h hI' 1 'h + ,l1S-130,t e two-p onon mu t~p et near t e 4 level Ln Te ~s

also indicative of the vibrational character of the low-lying

excited states.
,-

Finally, positive- and negative-pa.t;.ity level struc­

tures in transitional Z < 50 Cd (Z=4S) and Pd (Z=46) nuclides

have been described (SiSO) as rotational bands built on zero­

quasiparticle (0+ ground state) and two-quasiparticle 10+, 8

and 9 band-heads, leading to a slightly-deformed rotor

interpretation of these nuclei. 61=1 'level structures built
, +

on the previously-mentioned 9/2 states in odd-A nuclei have

\
been interpreted (He76) as strongly-coupled bands reSUlting

from a 199 / 2 quasi-proton, hole ,plus a rotor with prolate,

deformation. This evidence, as well as the discovery of

rotational ,bands a top two-part;icle two-hole (2p-2h)" excited

o+ states in the even Sn isotbpes with A ) 112'( Br79 ') 'led

inbands4p-2hsimilarforsearcl1to

Although no clear rotational structure was
"

seen, a possible explanation of the S+-12+ level spacings was, .' . .

advanced in terms of a prolate rotor. Certainly th'e

ChOWdhury et al.

116-122Te (ChS2).

1l6-128Xe isotopes, with two more protons (Z=54), display

rotational bands starting at the ground state and extending

..'
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up to observed angular momen ta lSt1 or so' (eg. Ja84. Ke84,

Ga84J. Venturing further into the 50<Z<S2 shell, Nolan et al.

132have followed a rotational band in Ce (Z=58) up to ,4211
.,

(NoSS), one of the highest spins yet observed.

"
Within a collective framework the possibilities of d

and y vibrations in "soft" transitional nuclei fav9ur tile use

of a complete Boh~-Mottelson (BM69,75) description, of which

the harmonic vibrator is a specific case, or something along
.'

the lines of an interacting boson phenomenology (eg. I.B.A.;.

AI75a,b;Ar77), both of which take into account those degrees

,"

of freedom. A full, eltplanation of nuclei such as the Te

isotopes would then include quasiparticle eltci ta tions based

on shell-model orbitals as well, ,preferably coupled to the

collective core. Van Ruyven et al. (Va82) have characterized

h "d ,118 ,120'r b d b h 't e eltC1te stat,r 1n e 0 serve y t em up to sp1n

14 as either collective quadrupole (0+-2+-4+":, .. ) or tNO-

quasiparticle (eg.
,

eltcitations described by the

I.B.A.-2 (Ar77,Ot7Sa) and "broken-pair" (Va74) models respec-

tively, but no coupling between the modes was ~onsidered.

Nearly-spherical nuclei may form states of very higll

•angular momentum not by collective rotations about an altis

d ' " 132C b t bperpen 1cular to the symmetry alt1S, as seen 1n e, u y

lining up individual particle angular momenta parallel to a

symmetry altis (BM74). This single-particle alignment results.....
in irregular sequences of Y rays de-exci ting the high spin
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levels, and the possibility of long-lived states having high

angular momentum, i.e. "yrast traps".

I t is wi th the obj ec ti ve of extendi ng the under-

standing of transitional nuclei in the Z ) 50 region,

.especially thOse neutron-deficient isotopes of which little

was previously known, tha·t this study was undertaken. As

just outlined, the results must be considered within the

context of competitive m6de~ of nuclear excitation, particu-

larly since the observed level structures extend from the

ground states up to nearly 9 MeV in excitation energy.
,

elementary way wi th theor:e-

tical

Chapter Twd deals i~ an
\

means "of 'calculating nuclear state characteristic;:;

based on single"':partic1e,' v:ibrational, pairing-plus-quadru-,

.'pole, phenol}len'ological and rotational models.' Chapter Three

outlines the experimental methods, used for heavy"':ion reac-

tions knd in-beam ~-ray spectros60py. The characteristics of

H. I. fusion-evaporation' rea'ct~ons bear significantly on the

measurements"that have been made, to the exte'nt of deter-

mining which nuclei may·be reached and how ~ell they may be

studied. For example, the well-known tendency or the cas'-

cading" ,y rays to popula t'e states of the h.ighest angular

momentum at a given ~xcitation energy (the so-called "yraSt"

states) limi'ts the, observations to yrast or near-yt'ast

levels. ' Therefore experimen ta11y-determined properties of

H.I. reactions ,will be considered, as well .as ,tne procedures'

used to acquire~nd analyze the data. Experime~tal results
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drawn f rom the, data for l1o Te , 114Te and 112Te are presented

in Chapter Four, along with a description of the H.I~

reac tion charac teristics deduced from el>ci ta tion func tions.

A discussion of the spectroscopic results in the light of

vario~s theoretical nuclear structure models follows. in

Chapter Five, at which point comparisons will also b~ drawn

-. b'etween the ll2.ll4.ll13·re nuclides under consideration, and

..
nuclei ?elonging to other transitional regions •

summarizes the present work.

Chapter·~ix

A description of the deconvolution program SANOltA,

developed to extract photopeak intensity and centroid infor-

mation from· many of the y-ray spe::tra. is given in the..
Appendix.
























































































































































































































































































































































































































































































































































































