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STMMARY

The Beta-decay of 18.6 h 159@& analygig is go important
because of its location in the region of deformed nuclei. The
previously studies have led to a fairly well established decay
scheme, several descripancies still exist concerning the pre-
gence of gome gamma lines beside the ambigwous J aggigmment

of the 854 Kev level.

The present work was under taken to resolve some of the
remaining uncertainties in the decay scheme of 159Gd. The decay

geheme of 159

Gd has been situdied by measuring the energy and
relative intensity of each of the various §-and P-tramsitions

from the concermed radiocaciive isgotope.

The meagurements had been carried out using GMI-Ge
gpectrometer and  H.P,G-(MX-Ge} coineidence spectrometer
coupled to a Nourland type 4096 chammels puls-hight analyzer.
Trapisoidal method h&s been applied for the determination of
various ¥ —~trangitions with & high precision. ¥ - ¥ coin-
cidence measurements between the observed § -transitions

have been made.

Lypropriate decay scheme have been confirmed and
discussed according to the nuclear models. The results

accomplished in this thesis can be sumarized ag :

1- 18 ¥ ~transitions have been observed in the p-decay of
=4
159¢3 40 7%y having energies in the range from 57 to
854 Ke'r.r. '

N\
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In the pregent work the 334 Kev ¥ ~tremsition

obgerved previously was not confirmed.

159,,

The level gcheme of b hag been confirmed - 2nd found

to be composed of 9 previously egtablished levels.

On account of the calculated log ft-values of 159Tb

together with the corresponding relative Intensities of

the X—trﬂnsitions, it was posgible to guggest that the
level at 854 Xev hag JW.= % and the levels at 674, 348

and 57 Kev have 5T = 5/2% s 917 and the ground state have
Jﬂ'z 3/2%, the level at 580 Kev hag 5r = BF, the level at
363 Kev hag iﬁ-= 5/2 and the level at 37 Kev hasg Jw-= 7/2%.

The magnetic moment of the ground state band was calculated

and ig found te bhe 1.56 (9),

An explicite study of the spectra of odd-4 nucleus was
undertaken baged mainly on the deformed shell model

caleulations.

The study includeg different interpretationg to the
model, taking algo into account the possible exigtance of

B- and § -vibrations.

A comparison was made between theoretical and

experimental resultag,.
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INTRODUCTION

Muclear spectroscopy helps in identifying of some nuclear
charecteristics such as energy and momentum, the former locates
the state and the latter describes it. This is 2 wvery useful
tool to wverify the walidity of nuclear models.

is far the accuracy in measurements are more relisble
and acceptable to be compared with the thecreticsl calculations.

The latter developments iIn detecting techniques as well as
in muelear elecironica make 1t plausible fo gain new results
about the depated points arise in the nuclear studies.

The 159Th nucleus is one of those nuclei whick are under
discuseglon because of the ambiguitlies arise Eetween,different
authorse.

This nucleus iz consldered to be an ideal cage toc he
compared with the rotational band model. Thig fact nscegsitates
very accurate experimental informations.

The pregent work deals with the carefull study of the level
scheme of 159Tb ag cbtained from the decay of 159Gd micleus.

The applicetion of the wvery high resclutilion GMX-Ge detector
and wvery low time regclution in the Ge-Ge fast—~slow coincidence
circult make it possible to get powerful and precise experi-

mental dsita to be copared with the thecretical interpretaticons

based mainly in the deformed shell model calculationss
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CHAPTER 1

NUCLEAR MODELS AND TRANSITION
PROBABILITIES

N\
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I.1- Introduction :

Data on the excited levelas of odd nuclei are accumulating
rapidly. DParticularly in the region of the deformed nuclei, the
nuclei posses & very complicated set of'levels. Thig information
can be used td guggeat models of the nucleus in order te under—
stand the nature of atomic nucleus and to explain different
properties of the nuclei. Fach model serveg to correlate 2
portion of the experimental knowledge about nueclei, uguelly
within a more or less parrow range of phenomena, but fails when

applied to data outside the range.

The shell model shows that it is & reasonable good
approximation for the majority of nuclei, except for ceriain
megg humber regions where both the neutron and proton numbers
liea in the middle between closed shells. This model can at
best explain the properiiea of ground and low excited gtatesg.
It will certainly breakdown for highly excited nuclei, where
pauli's exclusicn principle no longer pubts sharp restrigtions
on the individual particle motions and where the coupling

between them makes features of collective motion predominant;

The collective model was suggested by A. Bohr and

. Mottelson(l)

» and it is guccesaful in explaining certain
excited levels of nuclei in terms of the collective rotation

or cgeillation of nuclei.
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Flowers (1952)(5) and Pryce (1954){6). At these magic numbers
their occurs something analogous to the closure of the shells

in the electromic gtruciure of the goble—gas atomg. The nuclear
ghell model was suggested by Haxel et.alt,(l949](3) and Mayer
{1950}(T) primarily as & self-congistent explanation of the
magic numbers. It wasg also presented independently by Feenberg

and Hammack (1949)(8) and Wordheim ¢1929)(%),

The starting point of all shell models is the solution
of the schrodinger equation fer a particle wmoving in a spher-
ically symmetrical central field of force, i.e. in a fleld of
force in which the potential energy V of the particlerwith
regpect to the respect to the centre is a function V(r) of it's
radial disitance r only. The radial ghape of the nuclear field
is now well known from the scattering experiments, Hofstaﬁter
(1956j(10) and Yuan and Wu (1961}(11}, but the form of V{r} is
not suitable for simﬁle golution of the schrodenger equationf

oy
Since, however, the shell model is notxprimarily

concerned with the total binding energies but QESo-with the
levels corresponding to the gtates of moticn of nucleons, 1t
ig gufficient to consgider only simple forms of potential

funetion guch as :

a) The sgquare well potential,
b)Y The hammcniec ogeillator potential well.

c) The spin orbit coupling,
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In harmenic oscillator rotential the sequence of gingle
particie levels congisgts of equally spaced bands of highly
degenerate levels rnlﬁ, the orbital angular momentum. Thers
would be closed shells at 2, 8, 40, 70, 112 and 168 nucleons,
these are not the nuciear magic numberg. The E —-degeneracy isg
removed in the square-well potential. The occupation numﬁers
2&2@1—1) predict shell closures at total particle numbers 2,
8, 18, 20, 34, 40, 68, ... which again is not the geries of
nucledar magic numbers. Several attempts have been made to

modify the potential, to yield the obgerved magic numbers.

The most successful is the proposed by Mayer {1949}(2)
and by fHaxel et.al;,in (1949)(3j, accoriing to which a non-
central component should be included in the forece acting om

2 nucleon in 2 nucleus.

If thig noncentral force 1s an interaction depending
on the relative orieantation of the arbitgl angular momentum
and the spin momentum of the nuclecn,then a different period-
icity can eagily arise. It is assumed in this model that the
gpin-orbit force separates the motion of a nueleon with orbital
momentum f into sub-states with total angular momentumpqgantum
pumber § = £+ % and that the level with higher spin is the
ore atable. In this model the shell closures occur at particle
unbers 2, 8, 20, 50, B2 and 126 exactly as required by exper;

iments.
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The. energy splitting depends on the cseillator number n.
Emperical data show that the splitting increases with inereaging
n and with Iincreasing nuclear radius, i.e. whenever an angular
momentum appearsg for the firgt time in the level scheme, the
splitting of thig level into j = 541 % will be particularly
large. Since the energy of a level depends gtrongly on the
aligmment of gpin and orhbit, the j-value of a level, together
with its n-and f -values, must be specified, the number of
protons or nentrong filling a ilevel with gpin J will be equal
ta 2J+1. The ievel geguence proposed by Mayer (1955}(12} isg
ghown in Fig. (1) which indicates the level splitting brought

about by spin-orbit interaciion.

The resulting angular momentum value J = £_1 % 1s written
at the level. Round brackets give the degeneracy of the level

2d + 1. ©Square brackets give the total ceccupation numbers.

Nuglear ground state :

The shell model makes unique predictiong about thek
properties of thoge mucleonic configurations in which either
one proton or one neutron is present outside, otherwise closed
neutron and pro#on ghellg, or in which just one‘nucleon is
migsing from a closed shells configuration. _;;chese casges

angular momentum, parity, 2re that of the miasing nucleon,

For all such nuclei the shell model predications are

in agreement with the experimental findings. The same holds
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Figure{l}:Schematic representation of level sequence showing
the level splitting due to spin-orbit interaction.
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