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Abstract

Nucleon-nucleon realistic interaction of some light nuclei: °Li, "Li, °Be,
B and "C nuclei have been calculated using Michigan three Yukawa's
(M3Y).
The wave functions of radial single-particle matrix elements have been

calculated with harmonic-oscillator.

In this research, we used the M3Y- code which is written in Fortran 90
language.

The two-body Michigan three Yukawa's (M3Y) interactions were given in
LS-coupling. A transformation between LS and jj must performed to get the
relation between the two-body shell model matrix elements and the relative
and center of mass coordinates, using the harmonic oscillator radial wave
functions with Talmi-Moshinsky transformation. In these calculations, we

calculate the values of M3Y matrix elements and then plotted with the total

angular momentum to show the distributions according to J.
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INTRODUCTION AND LITERATURE REVIEW

The first idea about the nature of the nucleon-nucleon interaction came
from Japanese scientist Yukawa in 1935 [1]. He assumed that the strong
interaction between the nucleons is carried out by an exchange of a particle
of a medium heavy mass of about 200 MeV [2], called meson A meson is an
elementary particle with a positive,negative or neutral charge .the meson
agree that they have a mass of 200 MeV the same as the mass of an electron
and have a spin moment equal tol,and mesons are unstable particles,and in
the least fraction of a second immediately after their formation ,they begin
to disintegrate into lighter particles .Mesons may carry negative or positive
charges or be neutral . It is called m -meson which has found to be the carrier
of the strong nuclear force.there are many types of meson such as
Pseudoscalar,Pseudovector,Vector meson and Scalar meson. But during the
fifties it was discovered other mesons which contributed to the nucleon-
nucleon interaction. One of the high points of this development was the
suggestion of Gregory Briet in 1958 [3] that the short range repulsion should

be due to a

vector, isoscalar meson, the omega meson with a mass of about 800 MeV. It




was a big success of the meson exchange theory of the nucleon-nucleon
interaction when this meson was found also experimentally [2]. The
Michigan three-range Yukawa M3Y interaction will be pliable in various
models and M3Y interaction gave matrix elements similar to some
dependable shell-model interactions, the M3Y-type interactions has been
obtained from the realistic N-N interaction by fitting the Yukawa functions to
the G-matrix given by the sum of the Yukawa functions .M3Y-type
interactions have successfully been used for nuclear reactions , involved
electron scattering. A kind of the M3Y-type interactions can be used to the

electron scattering form factor calculations.

K. Jassim (2008) had been used microscopic theory which allows
particle-hole excitation from the 1s and 1p shells core-orbits and also from
the 2s1d-shell orbits to the higher allowed orbits with excitations about 6hw
were included core-polarization effects. The two-body Michigan three
Yukawa M3Y interactions are used CP matrix elements and also the two-
body wildenthal interaction is used for the sd-shell model space to calculate
the longitudinal electron scattering form factors in even-even sd-shell nuclei
180, PNe | 24Mg and 2%Si the CP effects on the coulomb form factors was
essential for the transition strengths (B(C2)) and the g and noticed matching
in the form factor in the lower value of momentum transition, from another
side there is no matching (deviation) in higher values in momentum

transition.

Inelastic electron scattering form factors in some odd-A sd-shell

nuclei: Y0, >’Al and *°K were calculated by K. Jassim (2013) using the two-

body wildenthal interaction as a model space effective interaction. The M3Y
interactions are used for CP calculation. The wave functions of radial single-

particle matrix elements have been calculated with HO
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potential. The model space calculations fails to describe the form
factor in all momentum transfers region, while the calculations using CP

effect give an excellent agreement.

K. Jassim et al. (2014) have been calculated the nuclear structure of:
>Na, 25Mg, >’Al, and *'Ca nuclei using shell-model calculations. Two shell-
model codes, CPM3Y and NUSHELL for Windows, have been used to
calculate these results. The wave functions of radial single-particle matrix
elements have been calculated with HO and WS potentials. A set of two-
body interactions are used in this work ,Wildenthal interaction A in the
proton-neutron formalism for sd, universal sd-shell interaction B and GXFP1
interaction for the fp shell. Michigan three-range Yukawa M3Y was used as a
two body interaction for CP calculations .Very good agreements are obtained
for all nuclei in this study after comparing the measured results with the
experimental data. Results from electron scattering form factor calculations
have shown that the core-polarization effects are necessary to get a

reasonable description of the data without adjustable any parameter.

Khalid S. Jassim and et. al have been studied the nuclear structure (energy

levels, elastic and inelastic electron-nucleus scattering, and transition

probability) of 2Na, Mg, *’Al, and *! Ca nuclei have been studied using shell-

model calculations with M3Y interaction. A set of two-body interactions are
used in this paper. The universal s d of the Wildenthal interaction in the
proton-neutron formalism, universal s d-shell interaction A, universal s d-
shell interaction B, and GXFP1 interaction for the f p shell is used with the
nucleon-nucleon realistic interaction Michigan three-range Yakawas as a

two-body interaction for




core-polarization calculations. Two shell-model codes, CPM3Y and nushell

for Windows, have been used to calculate the results. The wave

functions of radial single-particle matrix elements have been calculated with
harmonic-oscillator and Woods-Saxon potentials. The level schemes are

compared with the experimental data up to 5.776, 5.251, and 4.51 MeV for

>Na, Mg, respectively. Very good agreements are obtained for all nuclei in

this study. Results from electron scattering form-factor calculations have
shown that the core-polarization effects are essential to obtain a reasonable

description of the data with no adjustable parameters.

KS Jassim, AA Al-Sammarrae, FI Sharrad, HA Kassim, Elastic and inelastic

electron-nucleus scattering form factors of some light nuclei: Na 23, Physical

Review C 89 (1), 014304, 2014.

Khalid S. Jassim and et. al. were studied the longitudinal form factors for
electron scattering have been calculated for p-shell nuclei using enlarged
model space includes all orbits in 1p and 2s-1d shells The two-body Cohen-
Kurath interaction is used for the p-shell orbits while Preedam-Wildenthal
for the sd-shell orbits The two body Milliner-Kurath interactions are used for
the psd orbits The two-body Kuo-normalized G-matnx between the p-shell
orbits and the sd-shell orbits are adopted Core-polarization effects are taken
into consideration through excitations of nucleons from the 1 s core orbits
and also from the valence 1p and 2s-1 d orbits into higher shells, with Shco
excitations The two-body Michigan three Yakawa (M3Y) interaction is used

for the core-
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polarization matrix elements Core polanzation effects improve the
agreement with the experimental data remarkably well and play an essential

role for electromagnetic transitions and electron scattering form factors.

RA Radhi, AK Hamoudi, KS Jassim, "Calculations of longitudinal form factors

of p-shell nuclei, using enlarged model space including core-polarization

effects with realistic two-body effective interaction", Indian Journal of

Physics, 81, 683-695, 2007.

Khalid s. Jassim and et. al. have been studied the Longitudinal and transverse

electron scattering form factors and transition probabilities have been

calculated for different states in'°B,3*Sc and *®Ca nuclei, where a

microscopic theory is employed to include the effect of high configuration
outside the model space, which is called the core-polarization (CP) effect.
The Cohen—Kurath interaction for p-shell, the universal sd of Wildenthal
interaction for sd-shell and the GXFP1 interaction for fp-shell are used with
the Michigan three-range Yakawa (M3Y) effective NN interaction and
modified surface delta interaction as a residual interaction for the CP
calculations. The calculation is performed using the shell model codes
CPM3Y and NuShell. The radial wave function for the single-particle matrix
elements have been calculated with the Skyrme—Hartree Fock, harmonic
oscillator potential and Wood Saxson potential to calculate the single-
particle wave function. The inclusion of CP effects modifies the form factors
markedly and describes the experimental data very well in the momentum

transfer dependence.

Khalid S. Jassim, The electron scattering form factor of '°B,**S and **Ca

nuclei,

Physica Scripta 86 (3), 035202, 2012.
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Chapter Two
Michigan Three Yakawa (M3Y) Potential
2.1 Relative and center of mass transformation coefficient

For a two-particle system in a harmonic-oscillator potential, we shall
characterize the two-particles by their coordinates and quantum numbers . For
the purpose of our discussion, two systems of coordinates are introduced:

1.Laboratory frame, where the two particles are described by their

- -

coordinates with respect to the center of the potential well, , and r,, and

corresponding radial quantum numbers, n;, n,and I, 1,, respectively.

2.Center of mass frame, where the system is characterized by the relative

coordinate I and the coordinate R of the center of mass of the two-

particles, defined as [4]:

—

i 1
r= \/E(rl_rZ) R= \/_(r+r) (2-1)

The wave functions in the two coordinate systems may be written as follows

e Laboratory frame:

v flla =00 (2) < 45 ()],
- Z<I1m1l2m2 ‘/l,u> G, (1) Pry, (12) (2-2)
mym,
The notation n,l, (2),n,l,(2) means particle number 1 is in the state nJl, and
particle number 2 is in the n,I, orbit, 4,7 and ¢, are the wave functions for
particle 1 and 2, respectively.

e Center of mass:

:[¢ °(r) x g (R)Lp ZImLM ‘/1;1> (N (R)  (2-3)




where ¢'°,¢.° are the wave functions for the particle 1 and 2 in term of

relative and center of mass, respectively. The principal and the radial quantum
numbers n, ¢ are corresponding to the relative motion, and N, L to that of the
center of mass motion.

The transformation brackets (Moshinisky brackets) are then the coefficients
which arise on expanding the wave function in equation (2-2) in terms of

wave function in equation (2-3).

1I1 212

e ()< gt (r)],, = > M (nINL nn g (n) < g (R)],, - (2-4)

The coefficients M, (NINL |n,lin,l,) that appear in equation (2-4) are called
Brody-Moshinisky brackets.

The square of M, gives the propability that the two particle systems will
be found in a state of relative motion characterized by the oscillator function
R, (N)Y,,(8,4) and center of mass motion R, (R)Y,,, (®, ®)

It may be shown that this transformation is independent of the magnetic
number .. The transformation braket vanishes for all combinations of its

parametres which do not satisfy the total angular momentum

A=+, =1+L

and the degenerated eigen value (energy) in this case is [5]:

E(nl,nlL)=02n +1, +g)ha)+ (2n, +1, +g)hw

E(nI,NL):(2n+I+g)ha)+(2N +L+g)ha) (2-5)

where  E(nl;,n,l,) = E(nl, NL)
it follows from the conservation law of energy that [5]:

2n, +1,+2n, +1, =2n+1+2N + L (2-6)




Therefore, the transformation of Moshinsky bracket vanishes for all
combinations of its parameters which do not satisfy the energy condition of

equation (2-6), and any summations over 1 will be restricted to [4,5]

=1, <A <l +l,

I-L|<A<l+L (2-7)

The wave functions ¢,,(r) describe states with energy (2n+1 +g)ha) and have

the form

Do (F) =R, ()Y, (0, p)

where

(2@ s 2n e a2 |
R“"“”‘{ Jxl@ - } M

x Zn:(—l)k 2n1(21 + DI(a’r?)*
“ ki(n—Kk)!(2l + 2k + )N

/ ! - . ma)
Y (0',@') is the angular wave function and &* ==

Thus the (nINL) sum in equation (2-4) is finite.

2.2 Some properties of Brody-Moshinisky coefficient

The Brody-Moshinisky transformation coefficient has a symmetry

properties in a certain calculation, we reviewd them as [5]:
1- M, (nINL;nln,l,)=(1)""*M,(nINL;n,lnl)  (2-9)
2- M, (nINL;nLn,l,)=@0)""*M,(NLnl;nLn,l,)  (2-10)
3- M, (nINL;nLn,l,)=@0)"" M, (NLnl;n,Ln],)  (2-11)

The Moshinisky transformation coefficients are real and independent of .




2.3 Energy matrix element with oscillator function

The oscillator is the only potential that can be separated into relative and
center of mass coordinate system, this property also important in order to get
the matrix element of the residual interaction as it is a function of relative
coordinate (r)

In order to make the two body wave functions compatable with the LS-term
of the residual interaction , because of the strong two-body spin-orbit force in
nuclei, which leads to the required shell structure, and the orginal two body
wave function is represented with jj schem, it is necessary to transform the

two body wave function from jj schem to LS schem as follows [5]:

[¢j I X¢j2|2]JM =

11

I, S1=1/2
L, 12
:z\/(z DRI DA (E@S+Y I, /2 jyt L A S s=12 (2-12)
AS

A S J M)

Thus
D5, { Jmli(1), jon,1,(2)} = [(I)jlll(l)x ¢j2|2(2)]JM

- Zyai (GIABE [\lfx {nlll(l)’n2|2(2)}x 75(12 )]J'V'
where

1 -
1y 0D = 5 CGuovisM)z @z, (2 (2-14)

And v, is the spatial part of the two particle orbital wave function given by
equation (2-13).

The coefficient 7\ (j,l; j,l,) is the j-j to L-S transformation coefficient.




U2 j,

A G il = @23 +D(2i, + D@+ (@S +D) 1 2 V2 by @19

and when squared it gives the probability that the state [y, x z],, will be
realized in the original j-j coupled eigenfunction.

However, the T=1 interaction energies must be calculated using space-spin
antysmmetric states and those for T=0 by use of space-spin symmetric wave

function. Thus instead of equation (2-13), we use [)\]:

1
\/2(1+8“2 W, nnz) ASo

<[y, A, (D), n,l, (2) 3<%, (1.2)],
+ (_1)T [Wx{nlll (1)’ nzlz (2)}X Xs (2’1)]JM )

(DJM(Jl 1l Jznz 2’T) = ’Y;LJS)(Jlll’ jzlz)

(2-16)

As a consequence of the defining equation (2-14)

T (2D = (D™ o L2) (2-17)

and from equation it follows that [5]
v A (20,1, O} = Dy, )01, (Y (2-18)
Furthermore, from the properties of the Moshinisky coefficient [5]:
M, (nINL; 1,1, )= (=) M, (nINL; n,1,n,1,)
If we combine these results together with the fact that [6]

(-1)""27" =(=1)', which follows from equation we see that @, can be
written as:
1
\/(2(1+ 5]1]4 5'1'2 5”1”2 )
XZ ZY(AJS)(jllli jzlz){l_(_l)S+T+l}XMx(nINL;nlllnzlz)

AS  nINL

D5y (Jingly, Jonoly s T) =

X ([w, A, ), nyl, (23 x ¢ L2)]




In this equation, the terms involving the phase factors show that, even |
wave function, which are symmetric under the interchange of the two
particles, must go with S=1,T=0 and S=0,T=1, where as antisymmetric spatial

states (I odd) are associated with S=1,T=1 and S=0,T=0. Thus if we merely

replace ﬁg) by

{1_ (_1)S+T+|}

J@@A+635,61,00n,)

7;1(3”(].1'1’ Jolp) =

7/,%)(1.1'1; J212) (2-20)

Matrix elements of general energy operators V between basis states given
by equation (2-19) have the form [5]:
<CDJM (jlnlll’ jZIZnZ;T)’\/‘(DJM (j3n3|3, j4|4n4;T)>
= Z ZZZY;};)(jllli jzlz)y’x(sj)(klsi Jals)
n'I'NL" nINLA'S" AS

x M, (N"I'N'L"; nl,n,1,)M, (nINL; n,l,n,l,)
X<[[¢n’l’(r)X(I)N’L’(R)]XXS’]JM ’\/‘[[d)nl(r) X O (R)IX %s 1om > (2-21)

One can abbreviate the two-body matrix element of a general operator as:

<CDJM (j1n1|1’ jzlznz;T)‘V‘q)JM (j3n3|3’ j4|4n4;T)> =<j1j2 N‘ j3j4>r

2.4 The realistic M3Y effective Nucleon-Nucleon interactions

The two-body matrix elements which are used in the present work to
calculate the core-polarization effect are not obtained from a fit to
spectroscopic data such as modified surface delta interaction (MSDI), but
they are calculated from free nucleon-nucleon interaction. It can be
reasonably well-understood in terms of the meson-exchange models, so that
the usual procedure is to start with theoretical forms of the NN interaction,
based on varying degrees of meson-exchange theory, such as Paris, Born and
Ried potentials [7]. Basically, one wants analytical form of the NN potential,

which is, in general, obtained by fitting some set of potential parameters, i.e.,

24




strength and ranges to the ground state (g.s) properties of deuteron and the
low-energy NN scattering phase-shift (up to~300 MeV), so that one can then
extrapolate to the off-energy shell behavior required by many-body systems.
For higher energies, description in terms of a potential loses its meaning due
to meson exchange.

Potentials derived from the description of free nucleon-nucleon scattering
are customarily referred to as a realistic NN effective interaction. One of
the interactions of this type, which is frequently used in shell-model
calculations, is the one obtained by Hamada-Johnston [8]. In another
approach one-derived two-body matrix elements in a particular single-particle
basis directly from the scattering phase-shift. In this case, interaction of the
explicit form of the realistic interaction is avoided by Elliott et al [9].

The direct application of a realistic interaction in a shell-model calculation
dose not lead to an acceptable agreement with spectroscopic data. This is due
to the fact that a shell-model calculation is necessarily restricted to a finite,
truncated model space. For a reasonably complete description in terms of a
realistic interaction, one should take into account the scattering of nucleons
into many more single-particle states. In particular, also the presence of the
core assumed to be inert in the model calculation has a strong modifying
influence of the interaction between the nucleons outside the core. This means
that for a model calculation one needs the so-called (effective interaction). For
a given configuration space this effective interaction can, in principle, be
constructed from the nucleon-nucleon interaction when all processes that take
place outside the chosen configuration space are accounted for in terms of
perturbation theory.

The realistic M3Y effective NN interaction, which is used in electron

scattering (Vs =V12) is expressed as a sum of the central potential part

Vl(g)’ spin-orbit potential part Vl('z-s), and long range tensor part VSN), as

follows [7]:




(LS) (TN)

Vi V12+V12 TV

The three potentials are expressed as: [7]

Ve Z(t(SE)PSEth Pre 17 Pt t™ Pro) T (1)
Ve = X Pt P (R Lo (5,45
(TN) Z(t(TNE’ P, + t(TNO)PTO)f (rlz)rlzslz

(SO) (TO)

The relative coordinate is denoted by ,,=r,-r,and |, = r,, Correspo -

ndingly, the relative momentum is defined by |5’12=@, [12 Is the

relative orbital angular momentum, | =¢,xp, . §, and §, arethe

nucleon spin operators, and S12 is the tensor operator which is defined
as[7,5]:,

812 - 4[3(§1. Fl)(gz y Fz) B §1. §2]

AL LEY
f n (r.») = €

N e
where tr(]SE), tr(lso), tgro), tr(]TE) are the strength parameter in central part for
(singlet-even), (singlet-odd), (triplet-odd) and (triplet-even), and t(LSE)
tr(]LSO) are the strength parameter in the spin —orbit part for (singlet-even),
(singlet-odd) and tngE)’ '[rgTNO) are the strength parameter in tensor part for

(tensor even), (tensor-odd) respectively and ( un) are the range parameter of

the nucleon-nucleon interaction, (ﬂnzlan). These parameter values are

given in table (2-1).




The two-body matrix elements of the realistic M3Y effective NN
interaction consist of three parts, one is the central matrix element, the spin-

orbit matrix element and the tensor matrix element.

<j1j2 Nres‘ j3j4>F=<j1j2 Nc‘ j3j4>r+<j1j2 Ns.l‘ j3j4>r+<j1j2 Nten‘ j3j4>r (2-26)

where

<j1j2 Nc‘ Js j4>r are the two-body matrix element of the centeral potential.
<j1j2 Ns,.\ Js J'4>F are the two-body matrix element of the spin-orbit potential.

<j1j2 Nten‘ j3j4>r are the two-body matrix element of the tensor potential.

The two-body matrix elements of the centeral potential are given as
[4,5]:

<j1j2 Nc‘ j3j4>r = Z 27/2(3”(]1'1’ j2|2)7;gj)(j3|3, Jals)

n'nINL AS

x M, (NIN'L5 0 Ln,,) M, (INL nglon L )Ry (Vs (V20| Ry (1)) (2-27)

The matrix elements of spin-orbit potential are given as[208,209]:

(J'lj2 M..\ Ja j4>F = 33D Bl +1)(21 + 1) (2n + 1) +1)

n'nINL A0

Xﬂ/;g)(jllli j2|2)7/:1§)(j3|3’ j4|4)Mz'(nII'N ,L,;nllanIZ)
xM , (nINL;n,l,n,1,) WAL AL) W (A1713)
(Ru (Vs (V2/80)| R (1)

where, W(....;..) is the Racah coefficient.

Finally, the matrix elements of the tensor potnetial are given as [4,5]

(3102 Ven| Jada)r =2430 S 3 (1) J{@I+ D)@ +D@A+1)(24 +1)]

ninl’NL A4’

x M 1 (NINL: nslsnal )W (A1L2 )W (I1'A.27;2L)

27




<y (i, Jol2)728” (Jala, Jals)(12000'0)M & (NI'N'L; el

% (Rt (1) Van (+/280)| R (1) (2-29)

The radial integrals in equations (2-27), (2-28), and (2-29) may be
calculated analytically and numerically using the fitting of the oscillator
matrix elements of Elliott [10].

According to this fitting, the radial integral is:

<R“'(rw (J2p) Rnl(r)> Z\/— IRnl(r)Rm(l’)e_ﬁﬁ‘rl‘zdr

Rad (n'l,nl, 8,) + Vs

Rad (n'l,nl,ﬂ1)+ V2 \/Eﬂg

\/E,Bz Rad (n'l,nl, 5;) ...(2-30)

_ Vl
J2p,
where

Rad (n'l,nl,B,) isthe radial part at p,
Rad (n'l,nl,B,) is the radial part at p,
Rad (n'l,nl,B;) is the radial partat B,

Where: g = =1/R, and R is the range parameter of the nucleon-nucleon

interaction
The first range parameters of the interaction (R,) between two nucleons in

centeral and spin-orbit force is 0.25 fm, the second range (R,) is 0.4 fm, and
the longest range (R3) is 1.41fm. But the longest range of the interaction
(R5=0.7 fm) is only used in r?Y(x) fit to the tensor force.

There are four different ways in which pairs of protons and/or neutrons can
be combined, and the nuclear force is different in each case.
e The "even" part of NN interaction is the part of interaction that is applies
when the relative wave function is even (symmetric) under exchange of two
particles. Notice that it is attractive as described above with a short range

repulsion.




The label TE is the Triplet-Even (S=1, T=0) case that applied to the neutron
and proton with parallel spins. Two neutrons cannot be in this configuration
becuse it would violate the Pauli exclusion principle for identical particles.
The label SE is the Singlet-Even (S=0, T=1) case applied to the di-neutron or
di-proton with anti-parallel spins.

e The "odd" part of the NN interaction is applied when the relative wave
function is odd (anty-symmetric) under exchange of the radial wave function.
Notice that it basically consists of only the short-range repulsion.

The SO shows the Singlet-Odd (S=0, T=0) part applied to an L=1 (p state)
of the n-p system with anti-parallel spins. The TO shows the Triplet-Odd
(S=1, T=1) part that applied to nn and pp states with parallel spin.

The values of the best fit to the potential parameters
(t(SE) t(S0) {(TO) {(TE) {(LSE) $(LSO) {(TNE) t(rNo)) are shown in table
n '™n "™n "n '™ "™n "n "™

(2-1) [11].




Table (¥.1). Shows the values of the best fit to the potential
parameters [11].

R1=0.25 fm R2=0.40 fm "R3=1.414 fm

Oscillator matrix

elements (Channel) b &

Centeral Singlet-Even
(SE)

Central Triplet-Even
(TE)

Central Singlet-Odd
(SO)

Central Triplet-Odd
(TO)

Tensor-Even
(TNE)

Tensor-Odd
(TNO)

Spin-Orbit Even
(LSE)

Spin-Orbit Odd
(LSO)

* Rz =1.414 fm, with the exception of TN unstarred, where Ry. = 0.7 fm.




Chapter Three

Results and discussions

3.1 Introduction:

To study the nucleus properties and explain the concepts of nuclear
structure, we can use the electron scattering theory by the nucleon-nucleon
interaction that in turn needs to many of issues we need to know in order to
make calculations are possible and fast. These issues are mathematics, nuclear
shell model theories, formulas and quantum mechanical theories, so you must
connect and integrate, and programming of these issues and theories in a
computer program we use in the computer so we can solve the big issues.

In the present study, a computer program, POT was used to calculate the
Mechigan Three Yakaw (M3Y) potential which is used as a residual
interaction in electron scattering form factors calculations.

The p-shells have been adopted in a study that addressed the coupling
and distribution the nucleus within the specified model space. In the extended

psd shell considered the “He as inert core and 1pyy, ,1ps, Orbits represented by
the quantum numbers nlj are valence orbital, where *He consists of two

protons and two neutrons and to be inert in 1s;,, Whilst the residual (A-4)
nucleons are distributed over every feasible combinations. The nucleus which
used in this study are: °Li, "Li, °Be, °B,**C.




3.2 °Li nucleus

The °Li and ’Li nuclei are especially interesting nuclei because both are
the lightest state nuclei that contain p-shell nucleons. The structure and
properties of °Li nucleus are experimentally and theoretically well studied
(especially form factors are of particular interest). For the conventional many
particles shell model, the °Li nucleus is essentially a three-body system, two
valence nucleons distributed over 1ps,-1p1, shell and presumably inert *He
core. Table. 1 show the values of matrix elements for M3Y realistic
interaction for the °Li nucleus, where j1, j2, j3, j4 represents the value of
different states of angular momentum and T is repersent the isospin space for
different nucleon and different state. Figure (3.1) represents the relation
between Michigan sum of three-range Yukawa potential (M3Y) interaction
as afunction J. In this figure, we shown that the distribution of M3Y potential

according to total angular momentum J.

Table 3.1: The values of M3Y realistic interaction matrix elements for the °Li
nucleus.

j1l j2 j3 ja M3Y
3.7503
3.7503
1.2599
1.2599
-0.7349
-0.7349
-0.0706
-0.0706
2.6933
2.6933
-1.3283
-1.3283
1.1851
1.1851
0.1622
0.1622
0.5259
0.5259
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Fig. (3.1) M3Y potential in the °Li nucleus calculated as a function of angular momentum
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3.3 'Li nucleus

The "Li nucleus, According to the conventional p-shell model, it is
described in terms of three nucleons outside a closed 1s-shell, with size
parameter brms=1.77 fm obtained from a fit to nuclear charge radius [12].

Table. 1 show the values of matrix elements for M3Y realistic interaction for

the °Li nucleus, where j1, j2, j3, j4 represents the value of different states of

angular momentum and T is repersent the isospin space for different nucleon
and different state. Figure (3.2) represents the relation between Michigan
sum of three-range Yukawa potential (M3Y) interaction as afunction J. In
this figure, we shown that the distribution of M3Y potential according to total

angular momentum J.

Table 3.2: The values of M3Y realistic interaction matrix elements for the "Li
nucleus.

=
~
5
=

M3Y

3.7503
3.7503
1.2599
1.2599
-0.7349
-0.7349
-0.0706
-0.0706
2.6933
2.6933
-1.3283
-1.3283
1.1851
1.1851
0.1622
0.1622
0.5259
0.5259
-1.8035
-1.8035
-0.7163
-0.7163
0.4365
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Fig. (3.2) M3Y potential in the "Li nucleus calculated as a function of angular momentum
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3.4 °Be nucleus

The nucleus 9Be is considered as an inert core of 4He plus five nucleons
distributed over 1p1/2-1p3/2 shell. The value of the size parameter of the HO
potential for the single particle wave function used for this state is 1.753 fm

[12]. Table. 2 show the values of matrix elements for M3Y realistic

interaction for the °Li nucleus, where j1, j2, j3, j4 represents the value of

different states of angular momentum and T is repersent the isospin space for
different nucleon and different state. Figure (3.2) represents the relation
between Michigan sum of three-range Yukawa potential (M3Y) interaction
as afunction J. In this figure, we shown that the distribution of M3Y potential
according to total angular momentum J.

Table 3.3: The values of M3Y realistic interaction matrix elements for the °Be
nucleus.

i1 j2 i3 ja M3Y
-0.2606
-0.2606
1.6235
1.6235
1.6885
1.6885
-0.489
-0.489
-1.5635
-2.077
4.2671
-0.3132
-0.2367
-0.2367
0.0303
0.0303
-0.5826
-0.5826
-0.6633
-0.6633
-1.7429
-1.7429
1.0735
1.0735
3.7835
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Fig. (3.3) M3Y potential in the °B nucleus calculated as a function of angular momentum
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3.5 '°B nucleus

The nucleus *°B is one of the complex nuclei in the 1p-shell region. It is
studied both theoretically and experimentally. According to the conventional
1p-shell model, 10B is considered as a “He core in the 1s-shell and six
nucleons outside the core distributed over the 1p-shell space. The single-
particle wave functions are of the oscillator form with size parameter b=1.71
fm ['2].

Table. 3 show the values of matrix elements for M3Y realistic interaction

for the ®Li nucleus, where j1, j2, j3, j4 represents the value of different states

of angular momentum and T is repersent the isospin space for different
nucleon and different state. Figure (3.3) represents the relation between
Michigan sum of three-range Yukawa potential (M3Y) interaction as
afunction J. In this figure, we shown that the distribution of M3Y potential
according to total angular momentum J.

Table 3.4: The values of M3Y realistic interaction matrix elements for the '°B
nucleus.

j1 j2 i3 ja M3Y

-0.2003
-0.2003
1.6606
1.6606
1.7192
1.7192
-0.5523
-0.5523
-1.6379
-2.1998
4.5141
-0.3533
-0.2129
-0.2129
0.0644
0.0644
-0.5932
-0.5932
-0.7488
-0.7488
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3.6 *°C nucleus

This nucleus is considered as an inert 4He core plus eight nucleons
distributed over 1p3/2-1p1/2 shell model space. The single-particle radial
wave functions are those of the HO potential with size parameter brms=1.64
fm [13].

Table. 4 show the values of matrix elements for M3Y realistic interaction for

the ®Li nucleus, where j1, j2, j3, j4 represents the value of different states of

angular momentum and T is repersent the isospin space for different nucleon
and different state. Figure (3.4) represents the relation between Michigan
sum of three-range Yukawa potential (M3Y) interaction as afunction J. In
this figure, we shown that the distribution of M3Y potential according to total
angular momentum J.

Table 3.5: The values of M3Y realistic interaction matrix elements for the **C
nucleus.

—
~
w
=

M3Y
4.4222
4.4222
1.4864
1.4864
-0.7612
-0.7612
-0.0966
-0.0966
3.0541
3.0541
-1.5575
-1.5575
1.4793
1.4793
0.2182
0.2182
0.6475
0.6475
-2.1922
-2.1922
-0.9449
-0.9449
0.5936
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3.7 Conclusions

We noticed that the results of M3Y give some conclusions as following :
1-the distribution of M3Y value

s as a function of anglar momentum J give different distribution depended on

the nucleus and the recure of J value dependent on the initial and final
state of J1 and J2 ,respectively .which gives the total values of J.
2- the M3Y is more realistic interaction to studied the nucleus for wide range

of nuclei.
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