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Abs1:rac1:
,

'"

The

wi1:h single

135 .3a ( 1: , ,,) ,

energy levels of 134Cs ~ere inves1:iga1:ed
,

par1:icle 1:ransfer reac1:ions, 133CS (d,P) and

and via y-ray spec1:roscopy s1:udies, 133Cs

(d,PT) and
130 7.Te( L~,3ny). The 133CS (d,P) r'eac1:ion

re'vealed twen1:yfive levels up 1:0 936 keY. The l-values

and spectroscopic fac1:ors were eX1:rac1:ed for twen1:y-

three of 1:hese level~. Four prominen1: ~ = 2 and 1:hree
n

prominent l = ° levels were found.
n

Eleven In = 5

'levels were also identified.

The 1353a ( t,") reac1:ion sho'wed nineteen levels

up~o 1319 keY, bu1: l-values and spectroscopic fac1:ors

were eX1:rac1:ed for only eleven of 1:hese levels. Four

strong l = 4 and seven l = 2 levels were iden1:ified.
p p

High resolu1:ion singles and coincidence T-ray

studies in the 133CS (d,PT)' and 130Te(7Li:3n) reactions

gave da1:a on 1:he de-excitation of the levels in 134Cs •

The 133 CS ( d, py) s1:udy provided de1:ailed information on

the level~ of 134cs • These da1:a provided confirma1:ion

of some of the (n,r) WOI"k of Alexeev et al. (1975,

1978) .

A level scheme for 134Cs was deduced from the

'accumulated da1:a. Tentative spin,and pari1:Y assignments
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were made for some of ~he levels. Simple shell model

p-n

were

configura~ions.

and (~.,,) par~icle da~a were used ~o make shell model

configura~ion assignmen~s ~o some of ~he energy levels.

Poor agreemen~ be~ween ~he shell model configura1;ions

de~ermined in ~he presen~ s~udy and ~hose assigned by

Alexeev e~ al. (1978) was found.

"

iv



,.

t

Acknowledgements

I have received help and encoura~~eni'frommany people

during the course of this wor3$... I wish to especially

thank one ~roup of people who were partic~larly helpful:

Dr. a.G. Su=ers-Gill, my supervisor, for' his guidance

and assistance on the long experimental runs andJor his

I~iverse research program which enabred me to learn about

many aspects of experimental nuclear physics,

Dr. J.A. K~ehner and Dr. a.H.'Tomlinson, the other mem-

bers of my supervisory committee, for theiradv~ceand

encouragement , •
/

Dr. ·D.G. Bllrke, for his friendship and ;many helpful

discussions "

Dr. J.A. CaIJeron, for his wit and his very
•

./
t

· t' ':
~ eres ~ng

but divertit.g ideas, '
--'

Dr. J.e. Wacdington, for his refreshing new deas,...
Kevin Lenestour and Aquila Is~am, former bers of the

he accelerator

in good working order,

the operations staff, for maintaining

research group, for their help on the exp imental runs,

the electronics staff for keeping the computers running,

my fellow graduate .students.,~ ..¥-ictor, Ron, Arlene, Fred,
!

Anne, Michel and Brian, for their comradeshiP,

J
v



'.,

­,

J

Miss S. den Blekker, for-her help in ~yping ~his ~hesis,

~rs. H.. Yardley and Mrs. E. Luker. for ~heir pa~ien~

scanning of the nuclear emulsions.

Mr. A.M. Smith, for his assistance in producing the

drawings for the the~is,

, -.
Christine Nawalkowsky for her moral suppor~ and for

. reminding me of the humorous side of life, and

~iss C.L. Swift, a' very special friend. for giving- m·e

s~port and encouragemen~ when I needed it and for

helping me w~~h.the figures in this thesis.

I would als,O like to' thank. the Natural Science 'and

Engineering Research 'Council for providing ~inancial

support to my supervisor for this work and Mc~lasteJ;'~

'University for prOViding me with financial assis~ance.

r

'.

vi
,--

...

. ,



.:
Table of C~ntents

•

Chapt.er

1. Introduc"tion

2. Nuclear Theory

2.1 In"troduc"tion

2.2 Nuclear Shell Theory

2.3 134Cs Shell ~odel Considerati~ns •

Page

9

9

9

, ­-::>

.-.
-2.4 Nuclear Reactions .. .17

2.4.1 Dis"torted Wave Born Approximation 19

2.4.2 Spec"troscopic Fac"tors

2.5 Electromagnetic Transitions-
3. The 133CS (d,o)134 CS Reaction. .

3.1 Introduction

3.2 Experimental Set-up

3.3 Data Analysis

23

26

31

31

32

35

4. The

4.1

135~(;.~)134CS Reaction

Intr'oct~ction

47

47

4.2 Experimental Set-up

4.3 Data Analysis

vii

48 '.
55



Table of Contents (continued)

5. y-ray Studies

5.1 Introdu~~ion

5.2 E~perimental Set-up

5.2.1 The 133Cs (d,py)134 Reaction

5.2.2 The 130Te(7Li,3n)134Cs Reaction

5.3 Data Analysis

5.3.1 The 133Cs (d,Py)134Cs Reaction

5.3.1.1 Singles y-ray.Measurements

5.3.1.2 Coincidence Measurements

",5.3.2 130Te(7Li,3n)134Cs Reaction

5.3.2.1 Decay Spectrum

5.3.2.2 E~citation Functions

5.3.2.3 Coincidence Measurements

5.3.2.4 Singles Measurements

6. Discussion and Interpretation

6.1 Introduction

6.2 Energy Level Scheme

6.3 Additional Levels in (n,y) Level

?ag-e,

65

65

67

67

72

75

75

76

87

90

93

96

98

98

101

101

102

Scheme 145

6.4 Shell.Model Configurations in 134Cs 147

6.5 Summary 152
viii



..

Table of Contents (continued)

Chapter Page

"---';;'
"

Bibliography 156

Appendix A 161-

.-\ppendix 3 166

ix



•
I Table

List of Tables

Page



List of Tables (continued)

Table

6.1 Branching Ratios for the y-ray

Transitions.

'.

Page

119

---.
A-l Diffe*ential Cross-Sections from

i33 CS (d,P) Reaction 162

"

B-1 Differential Cross-Sections from

1~5Ba(t,a) Reaction

. .,_.

xi

167



Lis"C of Figures

Figure

1.1 Level scheme of Alexeev e"C al. (1975)

3.1 133CS (d.p) par"Cic1e spec"Crum a"t 400

3.2 Angular dis"Cribu"Cions and "Che DWBA fi"Cs

for ,"the levels popula"Ced in '"Che 133CS (d;Pl

Page

4

39

reac"Cion

4.1 135Ba("C.~) reac"Cion spec"Crum a"C 15 0

4.2 Angular dis"Cributions and\"Che DWBA fi"Cs

for the levels popula"Ced in "Che 135Ba ("C.a)

43

-,a.
;) .

reaction 57

,
4.3 Angular distributiorrs for the first "Cwo

1~­

s"Cates in .o'Cs

'335.1 Singles y-ray spec"Crum from .C- Cs ~ dl

reaction at 12 ~eV

1335.2 Coincidence spectra from the CsCd.PYl,
..

reaction

5.3 Decay spec"Crum of "Che 130Te targe"C

5.4 Excitation functions for the 157, 205 and

.62

77

91

95

,

295 keY lines in the (130 Te+7Li ) reac"Cion 97

5.5 Coincidence spectra from the 130Te(7Li.3n)

reaction

xii

99-



Figure

LiSe of Figures (concinue~),
Page

6.1 Level scheme from (n,r) 5cudy

6.2 ~evel scheme from ehe presenc study

xiii'

103

106

"

,



In-cr"oduction

"The nuclear force has been a sUbject of study

since

da'te,

been

.
th~discovery of the neutr~n, fifty years ago.

....
a complete picture of the nuclear force has

for~ted. Simplified model~ of the nucleus

To

not.

are

•

used to explain and understand the results of ex~erimen-

tal st~dies. One of the most successful of these models

is the nuclear shell model .

The nuclear shell model has been most successful

ill desc-ribing the structure of even-even. odd A and

lower mass odd-odd nuclei. ~ull'calculations are more

difficult and restrictions must be imposed to allow the

calculations to be performed for heavier odd-odd nuclei
. .

and nuclei far from the closed shells. One -approach to

shell model calculations makes use of a phenomenological

effective proton-neutron interaction. _The parameters

describing the effective interaction are obtained from

fits to experimental level energies. The study of the

odd-odd nuclei is significant since the low-lying energy

levels in these nuclei involve th~ coupling 0: a proton

to a neutron. As more experimental information becomes

available, the shell model calculations can be extended

to nuclei of higher mass and further from the closed

I
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shells.

13.1The ~Cs nucleus has fift;Y-five prot;ons, five
:>

"more t;han t;he closed shell at; Z=50 and sev,ent;y-nine

neucrons, t;hree short; of t;he closed shell at; ~=82. Many

of the low-lying.levels of chis nucleus should be des-

cribable in t'erms of simple prot;on-neut;ron shell model

"

'.

configura'tions~

134Cs is

The ot;hers a::-e

only one of

132.
1 ,

t;he opd-odd ~=79 nuclei.

'-36. 138p 140pLa. ... r I • m and

142 Eu . The 130Sb (Nunnelly and Loveland, 1977) ~nd 132 r

(Fransson et; a1., 1966. and Yousif et; a1., 1981) nuclei

have been st;udied via bet;a decay. Electron cap'ture

st;udies leading to 13&0_ r (Bultsev et 301., 1974) and

reac-

/

140pm (Westgaard et; a1., 1973) also have been carried

'36mout. The decay of' La was st;udied by Gritsyna et al.

(1966) and Goncharov ec al. (1977). The levels of 136La

'.'ere examined in the 135 Ba (3 He ,d) and 135 Ba (c:,t)

tions (Khan, 1977): The T-ra~ transition~ in 136La were

st;udied

Oluwole.

s1:udied

in the

1978) .

in the

136Ba (p,n)

TQe decay

133 Cs (c:,n)

react;ion (Summers-Gill and

of 136mLa has also been

and 136 Ba (p,n) reactions

(Summers-Gill et; al., 1980).

Experiment;al studies have also been done on

The spins of the ground state and 2.9 hour
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isomer were determined in atomic beam studies (Fuller

1976) • Sunyar et a1:. (1954)

134mCs .• The 2.9 hour isomer at

o·
s~udied the decay of
Ji' ';

138 keV decays by two

: ,-ray transitions,
. .,.\. ..;-,... .

~.

127.5 and 138.7 keV. The 127.5 keV

tran~ition is followed by an 11.2 keV transition ~o the

ground state. Sunyar et al. determined the multipolari-

ties for the' three transitions and deduced the spin of
<.

the 11 keV state to be 5+.

A number of thermal neutron capture studies have

be~n done. The high energy capture ,-rays were measured

by Archer et a1. (1966) and Berestovoi et a1. (1968).•

Archer et al. also measured some low energy transitions

in coincidence with 'the capture ,-rays.

Alexeev et al. (1975) conducted a detailed study

of 134Cs with 'the 133Cs (n,,) reaction .. A bent crystal
•

spectrometer provided very precise aeterminations of the

,-ray energies. Internal conversion electron measure-

ments were made co determine the transition multipolari-

ties for many of the '"(-rays. Gamma.,.gamma coinciClence

measurements. were also made. These data were used to
"

deduce the energy level scheme depicted in figure 1.1.

The transition multipolarities ~rovided the parities for

the energy levels. The ordering of the levels and the

placement of the ,-ray transitions. were based on the ,-,

coincidence, ,-ray intensity and ,-ray energy data.

Spin assignments - for the le,oels were deduced from the
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Figure 1.1

The 134es levei scheme of Alexeev et .§.l. (reproduced

from Nucl:Phys. A248, 249 (1975)). A circle at the end

. _Q..f the ':ransi tion means that the coincidences between

this transition and the low-lying ones have been used

)

for constructing the scheme.
•

Dashed lines are used to

indicate .energetically possible transitions (for which

mul tipolari ties have 'not been determined) between

opposite parity levels. Dots are used to mark' transi"';... '.
.,;.

tions which were not found but which are necessary to

explain the coincidences obtained.

•

','

•
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m~ltipolarities of, the transitions placed in the scheme.

Alexeev et al. (1978) have also run a limited

shell IIio,del calculation to determine the energies of the

'[ -1] [ -1]'members of the "g7/2' ("hn /2 ," " and lfdS / 2 ' ("hll / 2 )

multiplets. After a~par.ent success with the levels of
"

:22~, they interpreted a ~umber 2f the negative parity

s·tat~ in 134Cs in terms o~ the p-n mul t)i.plets from a

comparison of the calculated and experimental 1 evel .

'energies.

Recently" a new review of the A = 134 nuclei was

'published by Sergeenkov and Si~alov (19f1). Many of the

,sp,in assignments made by AJ exeev et a1. ,( 1975) were not

•

assigned by Alexeev et a-J., (1978) were adopted by the
..'

adopted by the -reviewer~,• The p-n configur~tions

'. reviewers. There appear to be numer?us misprints in the

review article,' so the 'pre~;ent study makes ref erence to

the original papers rather than the review article.

'The present study was ini tiated to gain more

information about the energy levels in. 134es and to try
,
to determine the nature of ·the levels in terms of the

shell model. A number of reactions can be used to popu-

late the

transfer

energy leve~s 'of 134es .· Three single particle
\, -. '-3

reactions were. considered, ,13 Cs(d ,p), 13SBa

(t",,), and 13SCs(d,t). The (d,p) and (d,t) reactions

involve neutron transfers to pOP~late the 134es nucleus.-

These reactions provide an insight into the neutron hole
•

,

<,










































































































































































































































































































































































