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INTRODUCTION
c /,

- -f

..~ "..

The nuclear force has pro'lred to be so cOtlplex that no~ct·

deocription of it yet exists 'core than 60 years after it<~as first

pr:oposed •. Ourpresent·understan~1.nlt~f nuclear prl.perUes bas.thus

.j~volved from,~tt6n~ts.to ~lass1f17 exper:icental.info~tionin teres'

of a smple. mod~l of the nucle~•. Thesituat;ion. hmreVer. :is chnr- ",.
..' ., " I

,( .' ",

. octerized bY.:the·exi~teuce of 0c::veral nucleor' moClels. each on'ia being
,
obleto describe either a certain type of reoction·or.having ito

~- -

appl1cobil1ty to restricted groups of nucJ:eir."~. , L/
One of theccst.successful nuclear codels.' tho shell model

(Mayer 1948, 1949; Raxel.Jensen and Suess 1948. 1949).' has cet.with
"-. .. , ' " , ,. , .
considero1;>lcf oucccoo in- occount:ing for the. properties of .odd c''''0l:l .

-- '"00: - . ~'::"~-'"
:;;., ~

ophericalnuclei. NuClei :in the regions of singly and doubly closed·····
. '. I

ohcl'ls .ore of opedolintereot, oince ~hclr p~perticscan be Under) ... "" . ~ . ' ".,-,,;

l:'
otood :in te1"Cll of ° relotivcly ample abell ,model.. Included o~ thb

category ore the' serieo of odd-odd nucle:!. w:1th 83 ncutrono. one
. ......

bqyoud o. closed r:hcll of 82.

." .

or",
o ~

no 10-" lying l~vel.s of tho09'nucioi ore 'c::j>bctcd to onoe

fra::dho 2dS/ 2 and 187/2 'proton coufigutotioas. and the 2£7/2
.i' • / __ . • <>

ncutran'oconfigura~ion only, thus bfiording 1m e:tcellcnt opportunity

to cpply l;h6 techniquea of tb.o~ ohe!:l r::~el. 'Ih:ia region fa probobly

'.~e of tho coot J:lppropdDl;c 0'£ tho .peri.odic tolll~ in t1Mcl~'to :Jyo- .

. t=t~~?l~Y 'otudy rC:Jidtial :ic~tron..protO'::l ~teroctions. Unfo:-t."'otcly, .,)

an oc~o~t of the diff1cultico in otuaying lludc1Uith ¥-eh' level. ., ,

1 ""...
"' , ,



2

'.
tast decade,. however, the advent of fast computers and sophisticated

experimenta1tech~iquesh~e enabled both theoretical and experimental, . .
,

investigations .to extend to a w1de~ range ,of ~uc1ei, including odd~

odd nuclei.

,

."
The N=83 0~-oddnuc1e1, which include 134sb , 1361: 138es ,

140La ).42p " 144Pm 146E d 148Tb d ff h . dd, r, , u an I i er by t e successive a i-,,

tion of two protons beyond the Z=50 c10se~ shell.' The ext~eme

members of this ~eries are pe.~ps the most difficult to study since

138 >.

The II and y ray decay of the fission product --Xe has"beenib1e.

. they 'are too far from the region of stability to be reasonably access-..

Inveotig~tio~s of the II decay of 140Bo to 140La , performed

the subject of several investi:gationll. In the most recent',by Nonnand

,eta!. (1972) ;tow- spin states in 138Cs "(ere identified up to an cx-

•

•

The 'spinil, 'patlt!~o ..

studied by !Corn e,t 01.' (1967, .1968)
• I

--"'- "

of high resolution ~d.p) and (n.y) reactiono.

citation of 2300,keV.

by oevara,l groupo (Geiger.et a1. 1961, AgDrua~ et al. 1964 and

Burde at 01: 19~~), reoulted ino,n~ber ~f o~ln-pority assi~nts,
140 • 142~ .'

as Uell os lifet1J:la determinations. ',. La mid t'r were extenoive1y
-,

I
and Jurneyet d., (1970) by ccono

and. decay properties of =y qf thO 10".1 lying levels wore thUs,
:

iowd.,

,14~~. ,nent in this'oeries; hos been the subject of very

". .' 144 ' 144 .
. 1!-tt:1.c study. InvestiGodolW of tho· Pl::l(c.c,') Ndrcaction

,.' ' 148
(nc:::::m 1967. and Al"yaeto!:. 1971). ond the a decoy of Eu

('loth ct ol. '1964):lndicatc 0 5-. spin:.por1~oo::li&!,=cntfor tho

.. ,.



several low spin states.

,
3

-- ,;- .oQ

, 144 '. .
ground state. The level str}!,cture of Pm was otherwise cCl1:lpletely

142 144 -_ " '
unkno-wn. Neither Pr nor Pilr can be.gtudied by B decay ~ecaUse

"b 1.., 146 'their neigh ouring isobars are stable. Las"",y, Eu was' ifvestigated

,', , 146 i
following'the decay Sm by, Antman et al. (1970) who identff1e,,\

I

, Many of these experiments have allowed only spe~if1c .nuclear
, ,

properties to be studied. Whi~e this can be an asset in understand-S . . ~

1ng compUcated nuclei, it 'also gives an incomplete picture. The-- ,present. work was undertaken to provide additional expericental

~nformation necessary for the ~valuation of detailed theoreti,al

studies of the odd-odd N~83 nuclei, and has utilized the techniques

of both 'particle an4 yray spectroscopy.
" '

144 142
\ 'Initially the Nd(d,a) Pr reaction loTQO investigated

together with singles and' coincidcnce'yray studies of ~e
c ", .

139 142 142 142.' . . '
La(a,ny) Pr and Cc(p,nyl -Pr reactions to locpte certai.n

.?

low ,lying levelo not observed by Kern et al. '(1968). This work.

in'addition to higq resolution (d,p) studies of Hussein (1973).

enabled the J~6 and 7 levels to be identified. This \1llO Ulter

"
confirmed by the work of Anl01 (1973). ,Subooquently, a study of

144F1::l \1llO .pe~fo~ed and' is dese~ibed in' ~'etall in this thesis:-
144 ' '. '

Since t1lc level s'tructure of )?\:I fu:d llotprcviouoly been

. 143· .3u 144 . 143 . 144 ~
in~c:ltigatedJthe Nd(lie,d)' ,.,.FI::l and ~Hd(a. tlPo. proton

trOUDfer reactiono 'wre carried out, as dc:lcdbedinchepter II, •

to eOtahl1sh. the energy levelo. spcctroacopic factorc end.poasible

spins end parit1c:l. Thorosul'ta of 1~4~(a,ny)1441?cend

o.•






























































































































































































































































































































































