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Electron scattering form factors as well as reduced transition probabilities for the isoscalar and isovector states
of the 24Mg nucleus in sdpf shells have been studied by considering the higher energy configurations outside
the sd-shell, which are called core-polarization (CP) effects. The core polarization effects are calculated with
the Michigan three-range Yakawa as a realistic interaction. The wave functions of radial single particle matrix
elements have been calculated with harmonic oscillator potential. The predicted form factors are compared
with the available experimental data. Very good agreements are obtained for all nuclei under study. Results
from electron scattering form factors and reduced transition probabilities show that the large scale model space
with core polarization effects (inclusion of the higher energy configurations with 6�� excitation) enhanced the
results to become closed to the experimental data.
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1. INTRODUCTION
The first idea about the discovery of the theoretical scat-
tering by Mott in 1929.1 He was able to find a scattering
point without dimensions, while the experimental detec-
tion of scattering of electron from nuclei to a separated
level by Collins and Waldman 1940.2 The electron scatter-
ing is the best method to clarify the distribution of charge
in nucleus, in addition to the fact that the electron particle
point consequently the electron can readily accelerated.3

Electron scattering form factor is the factor determin-
ing the shape of the spherical nucleus. It depends on cur-
rent, magnetization distribution and the charge in the target
nucleus, which regarded as a function of the momentum
transfer (q) and it could be found experimentally through
knowing the scattering angle and the energies of the inci-
dent and scattered electrons.4 The form factor is divided
into two kinds, longitudinal (Coulomb) form factor, which
represents by Fourier transform of the charge density5 and
provide all information about the nuclear charge distribu-
tion. The other kind of form factor is transverse form fac-
tor, which is the Fourier transform of the current density
this kind contain the information about the magnetization
distributions and nuclear current.5 According to the parity
selection rules the transverse form factor can be sorted into
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transverse electric and magnetic electron scattering form
factor.6

The two body matrix element (TBME) for effec-
tive interaction between nucleon–nucleon �x1x2�H �x3x4�TJ
it represents a formula connect angular momentum
functions, where H represent the effective interaction,
(x1� x2� x↓�3�� x↓4� are represent single-particle orbits and
T and J are represent the spin and isospin of the coupled
nucleons.
The Michigan three-range Yukawa interaction (M3Y)7

will be used in various models and its give matrix ele-
ments similar to some dependable shell-model interac-
tions, the M3Y-type interactions has been obtained from
the realistic NN interaction by fitting the Yukawa func-
tions to the G-matrix given by the sum of the Yukawa
functions.8 M3Y-type interactions have successfully been
used for nuclear reactions,9 involved electron scattering.
A kind of the M3Y-type interactions can be used to the
electron scattering form factor calculations.
Recently many paper by Jassim and et al.10–14 have

been performed many studies about nuclear structure of
some light nuclei in p, sd and fp model space using shell
model calculations. These studies give good agreement in
energy levels and electron scattering form factors calcula-
tions comparing with the experimental data. Majeed et al.15

have been studied the Longitudinal and transverse elec-
tron scattering form factors for some positive and negative
parity states of stable odd-A nuclei: 7Li, 13C and 17O by
considering the higher energy configurations outside the
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p- and sd-shells. The ground-state spins and parities of
the odd-A phosphorus isotopes25–47 P were studied with
the relativistic mean-field (RMF) model and relativistic
elastic magnetic electron-scattering theory (REMES) by
Ref. [16].
The purpose of the present work is to account the lon-

gitudinal electron scattering form factors with the effect
of the CP in some sdfp-shell. Two shell model codes,
CPM3Y and NuShell for windows have been use in our
calculations. The large scale two-body sdpf now effective
interaction is used with M3Y as a residual interaction for
the CP calculation for sdpf-shell was used in this research.
The Hamiltonians sdpf interaction has been used to give
the 1d5/2, 1d3/2, 2s1/2, 1f7/2, 1f5/2, 2p3/2, and 2p1/2 shell
model wave function, which is used for 24Mg in this study.
The wave function of radial single matrix elements have
use Harmonic Oscillator (HO).

2. THEORY
The many particle matrix elements composed of two
branch one is for the Core-polarization (CP) matrix ele-
ments, and the other is for the Model space (MS) matrix
elements:17

��f �Ô�
∧��i� = ��f �Ô�

∧��i�MS +��f ����Ô�
∧����i�CP

(1)
When the states ��i� and ��f � are Clarifies by the model-
space wave functions. Greek symbols are used to refer
to quantum numbers in coordinate space and isospin, i.e.,
�f = Jf Tf , �i = JiTi and ∧= J T .
The equations of model space matrix elements can be

written as:

��f �Ô�∧��i�MS =
∑
��	

AX
XiXf

���	����Ô�∧�	� (2)

Similarly, the core-polarization matrix elements are given
by:

��f �����Ô�∧������i�cp =
∑
��	

AX
XiXf

���	����Ô�∧�	� (3)

where AX
XiXf

���	� is the single-particle matrix elements
and ��	 indicate the initial and final single particle states.
The first order perturbation theory says that, the single-

particle matrix element for the higher-energy configura-
tions can be expressed as:18

����Ô�∧�	� =
〈
�

∣∣∣∣V12

P

Ef −H�0�
Ô

�
J

∣∣∣∣	
〉

+
〈
�

∣∣∣∣Ô�
J

P

Ei−H�0�
V12

∣∣∣∣	
〉

(4)

The operator Q is the projection operator onto the space
outside the model space. For the residual interaction, Vres,
we adopt the M3Y, H(0) is the unperturbed Hamiltonian,

Ei and Ef represents the true energy initial and final states
of the system Eq. (4) is written as.18

����Ô�
J �	� =

∑
�1��2�X

�−1�	+�2+X

e	− e�− e�1
− e�2

�2X+1�

×
{
� 	 ∧
�1 	1 X

}
×���1�V12�	�2�


×��1�Ô�∧��2�
×
√
�1+��1�

��1+��2	
�+A (5)

where e is the single-particle energy, The indices �1 ≡ jptp
and �2 ≡ jhth runs over particle and hole states, respec-
tively, T̂ �

� represents single-particle transition operator of
rank I� = 0 or 1 are means isoscalar or isovector contri-
bution and of rank L in space coordinate. The CP parts
taken up to 4�� allow particle-hole excitations from the
core and model space into higher orbits. The equation of
reduced single particle matrix-element given by:

���Ô�
LT �	� =

√
2T +1

2

∑
tZ

PT �tZ��n�l�j���Ô�
LT �n	l	j	�

(6)
where:

PT �tz�=
⎧⎨
⎩
1 for T = 0

�−1�1/2−tz for T = 1
(7)

tZ=1/2 for proton and tZ=−1/2 for neutron.
Electron scattering form factor involving angular

momentum J and momentum transfer q, between the ini-
tial and final nuclear shell model states of spin Ji� f and
isospin Ti�f are19

�F �
L �q��2 =

4�
Z2�2Ji+1�

∣∣∣∣
∑

T=0�1

�−1�Tf−TZf

×
(
Tf T Ti
−TZf

MT TZi

)
×��f �Ô�

LT �q���i��2

×�Fc·m�q�
∣∣∣∣
2

×�Ff ·s�q��2

where Fcm�q� = eq
2b2/4A is the correction for the lack of

translation invariance in the shell model. A and b are the
mass number and the harmonic oscillator size parameter,
respectively.
The single-particle energies are calculated accord-

ing to:18

enlj =
(
2n+ l− 1

2

)
��

+

⎧⎪⎪⎨
⎪⎪⎩
−1
2
�l+1��f �r��nl for j = l− 1

2

1

2
�l��f �r��nl for j = l+ 1

2
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With:

�f �r��nl ≈ 20A−2/3 Mev

��= 45A−1/3−25A−2/3
(8)

When collecting of the spin-orbit potential part LC
12 , long-

range tensor part TN
12 , and central potential part C

12 con-
sists the realistic M3Y effective NN interaction, which is
used in the electron scattering 12:

20

12 = 
�C�
12 +

�LS�
12 +

�TN �
12 (9)

The two-body matrix elements of the realistic M3Y effec-
tive NN interaction divide in to branches are the central
potential, spin-orbit potential, and tensor potential, respec-
tively.

�j1j2�Vres�j3j4�� = �j1j2�VC �j3j4�� +�j1j2�Vs·l�j3j4��
+�j1j2�Vten�j3j4�� (10)

The reduced transition probability is related to the form
factor at the photon point, which is given by.21

B�CJ �= ��2J +1�!!�2
4�

Z2e2

k2L
�F C0

J �q = k��2 (11)

where q = k = Ex/�C is the momentum transfer and the
term �F ↓ J ↑ �C ↓ 0��q = k� ↑ 2� is the longitudinal
(Coulomb) form factor at k= q.

�F C0
J �k��2= 4�

�2Ji+1�Z2

∣∣∣∣
∫ �

0
drr2jJ �kr��J �i�f �r�

∣∣∣∣
2

(12)

Here �J �i� f � r� is the transition charge density for the
initial and final states.

For the two-body matrix elements of the residual inter-
action ���2�V 12�	�1�, which appear in Eqs. (5) and (11),
the M3Y interaction of Bertch et al.7 is adopted. The inter-
action is taken between a nucleon in any core orbit and a
nucleon that is excited to higher orbits with the same par-
ity and with the required multipolarity (�) and between a
nucleon in any sd orbits and that is excited to higher orbits
with the same parity and with the required multipolarity.
This interaction is given in the LS coupling.

3. RESULTS AND DISCUSSION
The shell model calculations in the present paper are per-
formed using a computer program, CPM3Y to calculate
form factors with CP effects. The OBDM elements are
calculated by using the shell model NUSHELL code with
sdpfnow as effective interactions in large-scale psd with
the 16O as the inert core. The radial wave function for the
single-particle matrix elements have been calculated with
the HO potential with size parameter (b)= 1.81322 fm.

Table I shows a Comparison of the probability density
values obtained from the shell model calculations with the
experimental values for isoscalar and isovector state in the
24Mg nucleus. It can be seen that the theoretical probabil-
ities density values reproduce the data quite well.

Table I. Theoretical calculation of the probabilities density (in units of
e2 fm4� for isoscalar and isovector state in the 24Mg nucleus in compar-
ison with experimental values and other work.

Transition Exp. Present work

B(C2) (0+ 0)→ (2+1 0) 428.9±8.7423� 24 524�7
B(C2) (0+ 0)→ (2+2 0) 22.37±0.05323� 24 17�85
B(C4) (0+ 0)→ (4+2 0) 43±625 –
B(M1) (0+ 0)→ (1+1 1) 0.886±0.1626 1�129
B(M1) (0+ 0)→ (1+2 1) 2.705±0.3626 3�318
B(M1) (0+ 0)→ (1+3 1) – 1�986

3.1. The Isoscalar State
The isoscalar longitudinal C2 form factors for 2+1
(1.37 MeV) state in the 24Mg nucleus are illustrated in
Figure 1. These calculations were implemented by pro-
gram in our computer with restricting 1f7/2, 2f5/2 orbits
that means the eight nucleons (4 protons and 4 neutrons)
distributed over an extended model space orbits (2p3/2,
2p1/2, 2s1/2, 1d5/2, 1d3/2�. The solid and dashed curves
represent the calculation extended model space (sdp shell)
with and without CP effects, respectively, where the calcu-
lations with CP effects are calculated by using microscopic
theory with CPM3Y code. The results of C2 form factors
with the CP effect give a good applicability comparison
with experimental data from Ref. [25] for all momen-
tum transfer region between (0.0 and 2.5) fm−1, while the
results without CP effects give a poor applicability com-
paring with the experimental data. This signifies that using
extended model space with CP effects enhanced the C2
results comparing with calculations without CP effects.

Fig. 1. Inelastic longitudinal (C2) form factors for the 2+ (1.37 MeV)
state in the 24Mg using the sdpfnow effective interaction, with (solid
curves) and without (dashed curves) CP effects. The experimental data
are taken from [25], G. C. Li, et al., Phys. Rev. C 9, 1861 (1974). © 1974.

J. Adv. Phys., 5, 1–5, 2016 3



Core-Polarization Effects on the Isoscalar and Isovector Transitions in 24Mg Using Extended Shell Model Jassim and Abdul-Nabi

A
R
T
IC

LE

Figure 2 shows the isoscalar C2 form factor for tran-
sitions from the ground state (0+ 0) to the excited state
(2+2 0) by the electron, where the transition energy to this
state at 4.24 MeV. The extended model space calculations
(dashed curves) failed to describe the experimental data
form Ref. [27] in all momentum transfers region, while
the form factor calculations with CP effects (solid curves)
improvement measured form factors in the first maximum
diffraction especially from the momentum transfer region
between (0.0–1.3) fm−1. The result start to far from the
experimental data up to q = 3�0 fm−1.
Figure 3 shows the Coulomb form factors (C4) using the

ground state charge density distribution in even–even N =
Z sd-shell nucleus 24Mg for transition from (0+ 0) to state
(4+2 0) with excitation energy 6.00 MeV. The adding CP
effects with extended model space (solid curves) described
the experimental data28 in the momentum transfer region
between (0.5–2.1) fm−1. But, the spd results only without
CP effects fail to describe the experimental data in the
same momentum transfer region.

3.2. The Isovector State
The results of the magnetic form factors (M1) for 1+1
(9.967 MeV) in 24Mg are illustrated in Figure 4. We
noticed that the M1 results with and without CP effect
described the available experimental data from Ref. [22]
in the first maximum diffraction at the momentum trans-
fer region between (0.0–1.5) fm−1, in the other side,
we note that the results with using CP effects as a
solid curves shifted the second and third peak (maximum
diffraction) to the right, where the position of the three

Fig. 2. Inelastic longitudinal (C2) form factors for the 2+2 (4.24 MeV)
state in the 24Mg using the sdpfnow effective interaction, with (solid
curves) and without (dashed curves) CP effects. The experimental data
are taken from [27], H. Zarek, et al., Phys. Lett. 80B, 2 (1978). © 1978.

Fig. 3. Inelastic longitudinal (C4) form factors for the 4+2 (6.00 MeV)
state in the 24Mg nucleus using the sdpf now effective interaction, with
(solid curves) and without (dashed curves) CP effects. The experimental
data are taken from [28], Y. Horikawa, et al., Phys. Lett. 39B, 9 (1971).
© 1971.

maximum diffraction for the scattered electron with CP
effect included at 0.5, 1.6 and 2.3 fm−1, respectively, while
without inclusion CP effect, the three maximum diffrac-
tion are 0.45, 1.5 and 2.2 fm−1 for the first, second and
third maximum diffraction, respectively.

Fig. 4. Inelastic transverse (M1) form factors for the 1+1 (9.967 MeV)
state in the 24Mg nucleus using the sdpfnow effective interaction, with
(solid curves) and without (dashed curves) CP effects. The available data,
shown as circles from [22], B. A. Brown, et al., Phys. Rev. 101, 313
(1983). © 1983.
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Fig. 5. Inelastic transverse (M1) form factors for the 1+2 (10.711 MeV)
state in the 24Mg nucleus using the sdpf now effective interaction, with
(solid curves) and without (dashed curves) CP effects. The available data,
shown as circles from [22], B. A. Brown, et al., Phys. Rev. 101, 313
(1983). © 1983.

Figure 5 shows the isovector magnetic form factors
with spdf shell model for transitions from the ground
state 0+ 0 to the excited state 1+2 1 with excitation
energy 10.711 MeV in the 24Mg. The results of M1
form factors with and without inclusion CP effects by
using microscopic theory give a good agreement compar-
ing with the available experimental data22 in first maxi-
mum region (0�0 < q < 0�5) fm−1. The first and second
maximum diffraction without inclusion CP effects are 0.6
and 1.6 fm−1, respectively. While the first and second
maximum region with inclusion CP effects are 0.5 and
1.5 fm−1, respectively. From these results, we concluded
that the CP effects shifted the first and second peak toward
decreases momentum transfer by 0.1 fm−1.

4. CONCLUSION
Electron scattering form factors and reduced transition
probabilities for the isoscalar and isovector states of the
24Mg nucleus in large scale shell model have been studied
by considering the higher energy configurations outside

the sdpf shells. The sdpfnow interactions for sdfp shells
are used with the M3Y as a residual interaction for the
CP effect calculations. The effect of CP is found essen-
tial in both the transition strengths and momentum transfer
dependence, and gives a good description of the data using
large scale shell model with adjustable any parameters.
The use of large scale shell model with a modern interac-
tion may give a better description of the form factors.
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