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SUMMARY

The oresent work is concerned with the study of the Zecay

scheme of 140

La , using solid state detectors. The high resolu-
tion GMX -Ge detector severes in studvirg theﬁ'—radiatiens er:i ttad
from this decay. Ge-Ge coincidence circuii was applied in the
coincidence  spechtra measurements,

The present work was undertaken to resclve some of the

P . , . . - I
remaining uncertainties in the decay scheme of ldjL

¢ 140

a. The decay
scheme o La has been studied by measuring the energy and

relative intensity of each transition.

1t is worth noting that the energy and relative intensity
of 3B 2{ -transitions have been observed in the B~ - decay of

lﬂDLa ta 140

Ce having energies in the range from 26 tc 3319 Key,
The ¥ -lines 936.7 , 1087.9 , 1303.5 , 1404.2 , 1415.3 and 2533.4
Kev. were confirmed. While other ones at 788.3, 802.0, 907,1521.8
and 2494 Kev. were not cbserved . The two B’-]ines at 1824 and
2082 Kev. which were a source of large descripances in  the

privous studies are confirmed in the present work to be  sum

pegks,

Special care was paid in identifying the weakrfltransitians
936.7 , 1087.9 , 1415 32 and 2533.4 Kev. The coincidence measure-
menis  were essential in the present study to insure the debated

transitions.
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From the present results as well as from previcus ones,

14C

a tentative level scheme of Ce nuclevs as populated from

liDLa

the decay of is given .

Anoexolicit theoretical study was taken intoc considera-

7

40

tion based mainly on the shell model calculaticns, using modifi

[yl

—_

surface delta inpteraction { MSDI) system. From this view, the Ca
nucleus was represented by configurations in which 56 protons
and the magic neutron number 82 tc form a system of closed core

( iggﬂagz} with two free protons occupying the next 3-orbits
Ig?fz , 2n::|3fr2 and 3 5% . A comparison was made Setween
thegretical and experimental calculations: Also  the present
calcutations are in good agreement with the very recent publica-
tion { ref. 29 } {1985) , in which they considaered the B-protons

configuration .
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THTRODUCTION

Spherical nuclel are  those  whiczh have clegsed shells for

both protons and nautrons.Only five stable nuclei kave this
y il 16 4G~ . 48 208,
property namely 2H2 . BDB + spveag Z“CdZB and Szrb

12~

These nuclei are characterized by their high stability in nature
as well as vanishing quadrupole charecter, The spherical shel! meds:
perfectely describes  the energy  lewles of those nuclei as well as

thetr characteristics.

When one or few nucleons are added to or taken out cne of the
closed shells while the other remains unchanged the spherical shell
model is no longer valid., The single particle model piays important
role in this case. The low lying energy states may be approxima-
tely described in terms of the moticn of the added particles.
There exisis . Nowever g weak coupling between this nuclesnic motian
and the oscillation of the closed shell core, This implies a sicni-
ficant enhencement of the electric multipole transitions between the
law lying levels. Many experiments have been performed and have
elucidated the level stiucture and the single particle motion of
these nuclei.

ldﬂte is one of the family of semimagic nuclei. 1ts own in-

terest lies in that 1t has closed neutron shell {82) |, and eight
protens  outside the closed lggf oriit, These excess proton
2
cannot be all housed in the next lgﬂr orbit because of the marked
2
135

similarity observed between odd neighhours isotones La and

ller. S0 these 8-protons are considered to move in the orbitals
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outside the 1ggf closed shell, the sclution of these proton
2

130

configurations cculd get the level structure of Ca

Many authers have considered this problen by different appro-
aches. There exists many differences in the level sequances and

the problem  is not yet solved,

As a matter of fact the exact calculations need accurate
experimental  results. The previcus of experimantal investigations
have successed in consiructing a reascnable level schems, Although
thers still exists major discrepancies between these studies not
cnly in the 2{— transiticons and their branching ratics, but also
in the doubtful of the presence of sore excited stazes.

t 15 the aim of this work to study the nuclear struciure of
140Ee experimentally and thecoretically. We make use of the recent
development of the solid state Ge- detector toc provide rcre pre-
cise measurements. In addition a finly adjusted Ge-Ge coincidence

circuit is applied in the present study.
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1.1, HMuclear Mcdels :

i.1.1. ¢ The Huclear Shell Model:

In the early stage of its develonment, one of the main ohisc-
iives of the shell model was ic reproduce the so-callaed ragic nurbers.
As mare refinements were introduced , it was found that this model
was capable of explaining not only *the magic numbers but also

many other nuclear properties such as spin and magntic moment.

In this model it is assumed that the nucleons in the nucleus
move independently in a mean potential. Because of the short range
nature of nuclear forces, the potential well must have sharp bound-
aries whose nature is governed by the boundaries of the nuclear
matter distributicon in the nucleus . Two 2zotential wells wers
considered, namely the infinite square well ard the harmonic

oscillator well.

However, neither the pure square weilnor the pure harmonic
osciilator well is suitable as a realistic shell medel potentiai.
A realistic potential should in fact veproduce the experimental
observed magic numbers 2, B , 20, 28, 50, 82 and 126.

The modification necessary to make the theory Tit the

(1,2 ]

observed magic numbers was introduced by Mayer and Haxel

et al.,(BJ

independently. They pointed out the single-particle
levels may be split considerably by spin-orbit interacticons. 1In
particular, if the interaction is of the type which couples the

spin and orbital angular momenta parallel to each other, every
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leyel, except the S levels , splits into two sdbszates with total

bl

angular momentum, fig-.(1-1}

4
j:_,g'_+L anad J=3“T

5
Where J, 1is the total angular momentum quantum rnumber for a single
nucleon. The energy difference between those two substaies is pro-
porticnal to Ef + 1 , which means that the splitting ingreases
with .

The scope of the model based on the spin-crbit level scheme

)
is greatly increased by supplementary coupling rules (2} .

The following simple coupling rules for the ground state
have been abstracted from the experimental data , they are also
generally in agreement with calculations performed on the basis of

conventional nuclear forces and trial wave functions,

i, Even-Even Huclei

These nuclei have zerg ground state ftotal anguiar momentum
and even parity.

ii. Even-0dd or Odd-Even Huclei

The ground state properties are determined by those of

cdd nucleon.

tii. 0dd-0dd Nuclei

11 nuclei of odd number of both neutrons and  proions

except 2 F W08 and léN are unsiabkle The ground state

spin  is determined in this case applving Mordheim's r*ule-s'if‘l’SzI .

Accordingly it hassbeen 01250 RTEHARs (iReiirical comling



rules. Two rules for the ground

a. Strong rule :

In this case, if for one of the two

orbital angular momentum

other ar vice-versa.
e
] n P 1

for the opposite

1
J. = L. - = ,
n n 5
The tctal ground siate

of the vector sum

=
h

b. Weak rule

In this case
where the intrinsic spin %

"[" are parallel or

Then the total angular momentium of the ground

will be

J o= Jq +

are parallel

if the cdd proton

state are

odd

ang

and neutron are

present :

nuclecns  spin and

antiparailel for the

L +—

spin 15 the lowest possible one

in states,

and the orbital angular mcmentum

antiparaliet for both particles :

]
L+ —
P 2
1
p 2
Level
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