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SUMMARY

The study of single partiole transition in bound
states for both protons and neutrons hag been done, on
the basis of Shell model caloulations. A Saxon - wood
potential with spin orbig soupling and Coulomb potential
in oase of protons has been used, Study of isolated
resonance states in case of neutrons has beexn discussed,
The single particle half width and the spectroscopio
faotar in ocase of stripping reaction due to the oapture

of single neutron has been also given,

Two fortran prograrmg S£US5 and TOX have been written
for I3M 1130 Aln Shans Univergiy; and they have been used

to obtain the following results.,

1- The programm SPU33 osloulates for both protons and
neatrons the energy and the normalized wave Tanetion
fox} a oertain bound gtate _5.'[’ the potential depth is
given., Also it oaloulates +Hie poten*ial depth and
the normalized wave funotion if the energy of the

gingle particle in the given bound state is mown,

2= The normalized wave function of bound atates oould

be used as a form factor fou JIBA ocaloulationg.
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Z'hg ohapge of energy levela with mass number hobween
4 = 20, 40, 50, BO, 100 for both single proton and

neutron for bound states is given and shows the magio
number property of nuaolei, 7
Thg effeot of spix_:—orbi‘b oQuppling is also studied for
A = 100 and ,vs.a = 0, 4.825, 9.65, 14.475, 15.3 Hev.
The interferenoe betwean levels increases by deoreasing
the binding energy, N

43 the hinding energy deoreases the wave funstion
deoreases slowly with the nuoler radius R, Therefore
0e must inorease the range o integration for weakly
bound state in order to obtain reasonable forn fastor,
It was Possible to prove that, ons cannot oa.lo_ula’be
the required energy of the unbound or resonance state,
if the potential depth is given while the opposise
regult is pogsible., SPURS ig also used to oaloulate
tha _potential depth and also the normali £4 wave
Tunotion required for the nown resonznce gtate with

Phase shift % =7'é_--

Compound elastio goattering aross seotion isg oa}o-
ulated and by oomparing witi the elastio soatiering
oregs seatlon, one can find the single partiols

- — =,
half width ‘B X Th

[}

Progrzam 20K is used %o
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oaloulate TE o for the 147 /2 Tesonance state with
Epeg = 0-93 %V in 0%+ n reaotion. It has the valus
110 KeV using tie game parameters which are given

from SPUBS.

Tha shape of wave funoctions a% resonance energy and
aij En = 0,83 MeV, En = 1.3 MeV show the regsonanoe
maximum amplitude at En = 0.93 1V,

+ 17
3/2 12 0

is found %o be~~ 0.8 by taking |, from experimental
regult, whioh is in a good agreensut with that oalo-
ulated using DVBA method for 0%° (d,p) 017 reaotion.

Tha speotrosoopio faotor S for the mtate id

Central Library - Ain Shams University



CHAPTER g
INTRODUCTION
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CHAPTER I

IRTRODUGTIONX

The fundamental types ofvelementary Particles are both
protens and neutrons. Ther are the strong stones in the
structure of eaoh material, sinoe they are the main parts
in eaoh nusleus, But aocording t0 the short range property
of nmolear forces, there is many assumptions which have
besen used $o discuss the malear foroces. These assumpbions
had led do the s0 oalled nuolear models, One of them is
Yhe shell model. In this madal, ons considers the moleons
Yo move independently in an averags potential. This model
is sucoessfully used to acoount for various regularities

in nniplear propertiea,

 iowever, there 1s two ways to study the nuolear
struqture. One ig the use of nuolear models by agsuning
& oertain form for nuclear potential and try to solve
Sohrodinger's equation to obtain the energies and WaT3
funotions, The other way is to use the nuolear reaotions
methcd. This means that from tie mowlcize of energy levels
and angular distributiong for the oufgoing particles, one
can obtain theoretically the reguired nuclear poransiors

for expcrimental resalts,
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In the present work, one has used the last two methodg

far the study of structure of gome muclei using the shell
model for the first case and the elastio scattering in the
seoqond method.,

- How assuming that the %arget %o be oonsists of a olosed
core pPlus one Particle, then the nuclear properties of that
moleus depends mainly on the energy and wave funotlion of
the single partiole, This oondition is also similar %o
the oapture of s single nmusleon by a target which is assumed
to be always in the ground state. Actually if that partiole
is found in a bound state then, it is necegsary %o mow iis
energy and wave funoction in_a vertain gtate, if the average
potentign_.l depth through which itimcrves is given, Also it
thq energy of that bound state is known, one oagn ge‘l_: the

required potential depth and also the normaliged wave function.

It 1s infteresting 4o ghow the required changes, if
the single particle is exoited $0 unbound or resonanse
stgtes. It is proved that one can not ozleulate the
required energy of the regonanoe state if the pote_\ntjal
dopth is known while If the energy is known, one can
ocaloulate the potential., this will be given in nore
details in chapter II., The method of salculation and

the mumerioal teshnique is also given in chapter III.
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Horeover, by eonsidering a necutron in resonance

states due ¥o the formation of a oompound mioleus, then
after a oertain time 7 it decays iInto different modes, one
can obtain the elastic socattering oross section and the
Inelastio or reaction erosz geotion in terms of the el astio
¢r inelastic half width respeotiyely. Actuslly from the
struoturs point of view, and by oconsidering only the elastio
ohannel to be opend, then the oompound half width will
reduce 3o the elastio soatfering half width. Consequently
the relation between the elagtio half width and the single
Particle half width oalculated from shell model gives %he
speotrogoopie factor for isolated resonance states. The
lagt pgoblems have bean digocussed in the present work in
ohapter IV,

Iwo Fortran programs have been written for IBi 1130
Aln Shams University to make the available oaleculations
for single parfticle in bound and r¢gonance states. In
chapber ¥ the results of celoulations on both bound and
unbound states introducing different effccts suoh as gpin-
Oorbi%¥ oouppling, nuoclcar radius, potential depth eto .
are given. Also applications on the single particle in-
ld;/ﬁ - resonance ciite in 0N and on H15+ n for (1 pk)-%s%

1

and (1 pé) 1 d#y is also given.
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CHAPTER I1X

SINGLE PARTICLE STATES
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CHAPTER IT
SINGLE PARTICLE STATES

The success of shell model in satisfying the magie
numbers 2, 3, 20, 28, 50, ... fOr both Protons aad neutrons,
gives bhe Posgibility to agsume that the structure of niclei
could be discussed by using tho gingle p;rticle-modal.(7}’13)

These particles oould be found inside the nuocleus
under dhe Permi energy i.e. in bound states or above the

binding energy region i.e. in the unbound or regonance

gtates.

70 study these different types of st tates, one should
solve Sohrodlnger 8 equation to f£ind either the energy or
the potential and also the wave function oorresvonding to

these types,

Now since Sohrodinger's 8gquation of the "welcas with

energy & is given by(6)’(7)

R = LY
. - s.8 2 -
whers I = (z;- >3 vi) +5( Ez-u(rij))
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where the summation is taken aver all number of particles,
Also the potential is

s Tig= 2V T -Z v,
‘ 1%
i

c.n H‘z{‘z“" Vl""v,'l’(-z V-“'zvi)

i
The regidnal interaotion
L+J 1
Taking Z(;hz 2 ,9) =n
;L 2R VYitVy o
o.o H = HO + VR
whore R i VEE ] (1)

neglsoting the effect of the residual interaotion if.e.
tgking VR —-=3> o for single partiocle model, then equation
(1) repreants the equation to b: mslved by assuning that the
single particle moving in an avcrage potantial V{r) =%Vi

with energy Eo = B,
The wave function ‘o, 18 aotually 1ciated to the
wave funotion of that single partiole L/‘s(i') in the

residual nucleugs (4-1) iu

Yo (723) = F,(3) LF(A-I)(S)
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