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ABSTRACT

The levels associated with the decay of the 0.230

ms isomer in l46Eu were populated by the (7Li ,3n) reaction

on l42 Nd using a 33 Mev beam of 7Li ions. A decay scheme

bas been prqposed for this isomer based on the study of
.

tne in-beam and pulsed beam conversion electron, and gam
..

rna ray singles spectra •. The assignmen t of spins and pari-

ties was based on the multipolariti~$. of the 274.9, 293.9,
~

358.2 and 377.0 keY transitions deterrnine~ by conversion

coefficient measurements, and the assumed 9+ ,identity of
'"

the isomeric state .

..
(

,
I

,
r

...
r

iii i



"

I'

,
i
j

ACKNOWLEDGEMENTS •

I vlOuld like to thank my st:perv'::'sor, and researc!l

,

director, Dr. R. G. Summers-Gill, and past and present mem

ber~ of his research gr.oup. Their patience and aSslstance

were greatly apprecia~~d.

I extend my gratitude to the meffiPers of the T~ndem

Accelerator Laboratory, faculty, students, and staff with

whom I have h~ many useful discussions, some of which were
,

even related to my research topic, and whose frlendships

I value nighly.

I would also like to express. my thanks to Mrs. Helen

Kennelly for her expertise in turning chicken s~atchings~

and thoughts into a typed manuscript.

Special thanks go to Arif Khan, and Albert Lee for

their assistance with the experiments, and their advice

wh~ch helped me "crank" out the results.

~inally, I would like to thank my wife, Carol. She

not only had to put up with me dU~ the w~ltlng of thlS

tnesis, but she also helped du.rin~!some of the experiments,

acted as my proof reader, messenger, draftsperson (and did

an excellent job, that is once I convinced her to use pen,

and ink, as crayons were not acceptable) ,.and was a constant

source of inspiration. (1 didn't plan this to sound like

a Geritol commercial, it just happened!) I think I'll

'keep her.

iv (

\
, .



I

,

Tnis work 1'5 dedicated to my Mother, Father, s~ster

Andrea, and my wife, Carol.

(P.s. The paperbqck ver~ion of this thesis will soon~~

published by Ripley's Believe It Or Not publishing co~_ny.,
// ,

and will have a foreward written by (you gue~ed it~\
;- " ...,

I

(.

the one, the only Hermit Pauli Nomial) .

!
\
1

If
t
l

/
~(

..

\
\

J

J

v
(\

'.



" TABLE OF C9NlENTS

GAMMA RAY NEAS OREMEN TS

The Internal Conversion Process

Gilllli~a Ray Measurements

In-beam Gamma Ray Measurements

Page

1

6

6

8

8

8

11

.. 11

13

19

25

31

31

32

35

37

42

42

44

(b) The Electronics

(a) The Beam Pulsir.g System

(c) Methods of Analysis

Pulsed Beam Conversion Electron
Me asuremen t s

(iv) In-beam Conversion Electron
Me ilSuJ:;emen ts

Conversion Coefficient Measurements.

EXPERIMENTAL RESULTS AND DISCUSSION

Pulsed Deam Gamma Ray Measurements

Excitation Function....

Energy ~~asurement and Efficiency
Calibration

INTRODUCTION

CONVERsION ELECTRON MEASUREMENTS

Experimental Techniques

(i) Target Preparation

(il) T~e Orange Spectrometer

,(iii)

(4.1)

(4.2)

(3.1)

( 3 • 2)

(3.3)

( 3 • 4),

(2.1)

, (2.2)

CHAPTER 3

CHAPTER 4

ChAPTER 1

CHAPTER 2

vi



:1
I,

:i
I

(4. 3)

(4.4)

(4.5)

REFERENCES

4,

Development of tile Decay Scheme for
14~EUm

~e Recent Investigation by Ercan et
31.

Conclusions

"

vii

"

Page

44

57

58

60
",.,.



..
LIS T OF TABLES

4.1 Results of the In-Beam Conversiqn coefficient 45

4.3

Me~s'urements

Besults of the Pulsed Beam Conve~sion Coef- 46
, , \\,

' ficientl Measurements

Multipolarity Assignments and Tot~~ Transition 47

Intensities
\
\

4.5

Estimate o~ the 'centroid energies o~ the
< -1 ' . -1 \ 1

1T(2dS/ 2 ) V(2f 7J2),1T{197/2) v (2f7/2,) and

1T (~l)Z) l~ (-2f 7/ Z) 1 mu.}.tiplets.

Calculated and Observed Spectra for the

n (2dS;I2).-lv (2f 7/ Z) 1 Configuration of 146Eu.

49

,
I

'\1
"$~ ?

·
\ ···I·,

I
t \~I

\:. '

\

Ii..
J

• Ia , viii. !

~ \
'/ I

:( ... I

I



\

\
\

\

4 "\

\ LIST OF FIGURES

'\
\

~.,.

.. 2.1

2.2

2.3

The decay $cheme for 146EUm proposed by Hage

mann,et al. (1971), and Gavrilyuk ~t a1. (1973).

The '~Orange'" beta ray spectrorr.eter.

The McMaster University Tandem Accelerator

and the "Orange" beam line.

The electronic circuit u~d for the pQsed .

beam conversion electron measurementS.

12

14

2.4 A typical electron pulse height spectrum. 17

2.5 A typical "gat~Cl" electron pulse height spectrUm. 18

2.6 Pulsed beam conversion elec~ron spectrw~ for

33 M t.. d 142
Nd

.ev L~ ~ons an a ,target.

. 1/

)
2. 7

2.8

.,/ 2.9

(a) The ,spectrum from 1650-2000 Bo.

(b) The spectrum from 2000-2450 B~.

A typical time spectrum.

The decay curves of the 146EUm conversion

electron t~ansitions.

The electronic circuit used for the in-beam

20

21

23

24

28

i,
, I

\

conversion el~ctron measurements.
\

2.10 In-beam conversion' electron spectrlli~ for

33 Mev Li ions and a 142~d target.

(a) The spectrum from 1500-1975 Bo.

(p) The sp~ctrum from 1975-2000 Bp.

ix

, I

29

30



..

j.

3.1

3.2

3.3

3.4

3.5

3.6

4.1

4.2

4.3

4.4

Excitation functions for selected gamm~ rays.

The electronic circuit used for the pulsed beam

gamma ray measurements.

Pulsed be~l gamma ray spectrum with 152,154Eu
~

calibrating source for 33 Mev Li ions and a

142
Nd target.

Pulsed beam gamma ray spectrum for 32.5 ~~v Li

<142
ions and a Nd target.

The electronic circuit used for the in-beam

gamma ray measurements.

In-beam gamma ray spectrum for 33 Mev Li ions
- 142

and'a Nd target.

Variation of the ratio of the in-beam intensi-

ties Of the 358.2 and 377.0 key gamma rays

wi th !:;leam energy.

The proposed decay scheme of the 0.230 ms

. . 146
~somer ~n . Eu.

.146 mA decay scheme for Eu using an alternate

placement of the 14.4 keV transition.

146 mThe decay scheme for Eu proposed by

Er can e t al. (19 80) .

34

36

38

39

40

41

43

50

53

59

J.

I'



I ,

\.... ....

r
• •

d!AP'l'ER 1

t~TRODUCTrON

The 146Eu. nucleus is an' odd-odd nucleus which h-as
f •

•
one neutron outside .the N=82 major shell~'~nd one proton

l1 , •

hole in the Z~64 shell. The single particle mod~l might
r

,',
therefore be expected to be suitaole to describe the odd-

. 146
odd nucleus. .i\ssuming thl.S 'to be ttue,- the £,U nucleus

is of interest since emp~rical values for the matrix ele-

men ts of the neutron-proton t~o-b6dy interaction could be

extracted from its energy spectrum. The empirical values
'"•

could then be used qn shell .model calculations in ne1gnbou-

ring nucle i. "
J I

The ground s.tate spin f 146p' h~s been measured aso ... u

4, by Ekstrom et al. (1972) in an atomic beam experimen't ..

... .

forbidden (log ft.:::8.5) and the

Early investigators studied the excited states of 146Eu by
~ +'4 .

observing'the electron capture decay of the 0 grountl state

1 · - 146 S'ow spl.n states ot Eu. lnceof 146Gd which populates

th 146Gd d' , f'e ecay 15 lrst

1
I

subsequent gamma ray tran~l.tions 1ea~ing to ~round state

of I46EU were found by these investigato~o have MI multi: ~

polarities, the ground state of 146Eu was therefore assigned
t1

negative parity. Remayev et al. (1962)- using tt).e (p,2n)
I

'.
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reaction an 1,4 7~m ~eporte~ the existence, in 146EU , of an

isomer with a'half-life of 240±lO ~s. Although delayed gam
~

rna 'ray transitions of 240, ~, 360, 390 and 480 kev were
.....

. reIJorted, ne d~cay scheme was established. An inv:estigation

by Rakevnenko et al. (1968) determined the ene~gy of one gam

ma ~ay 'transition in the decaY to be 276 kev. - They also

found it to have an E2 or Ml natnre, by virtue of its K/L

Subsequent investigations byconversion electron ~atio.
\

Hagemann et al. (1971), and Gavr~lyuk at al. (1973) ~ using the..
12 . 139' ".. . '

( C,5n) react~on on La, resulted in the fO'rmulat~on of

the decay scheme shown in 'Figure 1.1. These investigators

were able to measure the energies, and relative intensities

of four gamma ray transitions which they identified as being

involved in the isomeric decay. The tentative aSsignment

of spins and parities to the energy levels shown jn Figure

.,..

..

1.1 rfsul ted frOm shell model considerations. On the basis

of the shell mOd~, a 9+ isomer was an attractive idea. Th~
.isomeric transition, however, could not~be identified.

The rela~ive weakness of Eu K x-rays in the 14,6Eu

spectrum has led to the belief that the unseeh isomeric tran-

sition must nave an energy wpich is less than 48.,5 'kev (the
\

K'shell binding energy of Eu) . Such a' l<DW energy 9+ to' 6-,

transition wou1~ :ave. a 210nger half-lif~ than that measured

f 146, m h .. .., th for E~. T e ~seen ~s er~c trans~t~on ~s ere ore ex-
+ - . '.pected to occur between, e 9 and,7 states ,. and be h~ghly

I

"
I
~ ..
t
"
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if competing M1

N;-H~n tion were in/olved in'the cascade, contrary

converted. However, it would not

-7 excited state to the 4 ,groWld

of ,
inonly b"Q i-ll gaIJuna rays, and

E2- transiti ns

tr,ansitio s are pos ible. This

if one

.
be possible to ge,t from the

of ~46EU by a cascade
~

ass range low 'energy '"

() to the decay scheme shown in Figure 1.1. Further doubt has'" .been castr, ~his decay scheme ~y gamma ray studies carried

out at McM ster university bY.Summe~s-Gill and Wender (197~)

. h ( 2') . 147 (7 . 3 ) . 'us~ng t e p, n react~on on' Sm, the Li, n , react~on on
142 , 10· .Na, and a beam of 45 Mev B on natural Ceo They deter-

mined that the intensities of the 358.2 and 377.0 kev transi-
'f .

tions were inconsistent ",i th their placement in Figure 1.1-
J . "

Using a Si(Li) detector they were also able to detect a de"

1ay~d 14.4 ~ev transibion n~previouSlY reported. However,

Summers-Gill "and Islam (1973) established that the 358.2 and,

377.0 keY gamma rays were both in coincidence w~th the 275.0

,-:fkev gamma ray, but :lot in coindidence with ea$ other. '1'his
; / "-

\ is consistent wit~ the placement of these lines in the decay
\1 •

~sc~me shown in. Figur~ 1.1.

( Although shell ,model considerations, and the McMaster
, . 146 m

inyestiga~ions ca~t ~evere doubts on the proP9sed Eu, de-

cay scheme, they were not sufficient 'to firmly establish

an alternate'decay scheme! as the multipolarities of the decay

transitions were·not ~nown. The pr~sent investigation was ~

, (
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Figure 1.1

/

146 m .
The decay'scheme for Eu proposed by Hagemann et a1.

("1971)., and .G~vri1yuk et al. (1973).
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