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Shell model calculations based on large basis has been conducted to study the nuclear structure of20Ne,22Ne and24Mg nuclei. The energy
levels, inelastic electron scattering form factors and transition probabilities are discussed by considering the contribution of configurations
with high-energy beyond the model space of sd-shell model space which is denoted as the core polarization effects. The Core polarization
is considered by taking the excitations of nucleus from the1s and1p core orbits and also from the valence2s 1d shell orbits into higher
shells with4~ω. The effective interactionsUSDA andUSDB are employed withsd shell model space to perform the calculation and
the core polarization are calculated withMSDI as residual interaction. The calculated energy level schemes, form factors and transition
probabilities were compared with the corresponding experimental data. The effect of core polarization is found very important for the
calculation ofB(C2), B(C4) and form factors, and gives excellent results in comparison with the experimental data without including any
adjustable parameters.
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1. Introduction

The nuclear shell model proved to be very successful tool
to investigate the nuclear structure: by choosing an adequate
residual effective interaction, the shell model able to account
for various observables accurately and systematically. The
nuclear structure study progressed by developing the nuclear
shell model [1]. Although the shell model is basically sim-
ple, it explains many nuclear properties such as spin, mag-
netic moment, and nuclear spectra. The shell model is com-
posed of two fundamental kinds of models which are related
to the basis of the shell model: the models of the mean-field
and they configuration mixing models [2]. Thesd-shell is
an interesting region for shell model calculations which can
be investigated by elastic magnetic electron scattering, where
the nucleus is considered as an inert16O and the full1d5/2,
2s1/2, 1d3/2 space is used for the valance nucleons. Exci-
tation to the higher shell are ignored in the model. Calcula-
tions based on this model may not be able to reproduce the
experimental observations or to agree with the experimen-
tal form factors. Effective charges are adopted in many pre-
vious studies in which the effective g-factors were implied.
The(q)-dependence of form factors on the momentum trans-
fer resulting from configuration mixing is very different for a
different major shell, and cannot in general be considered as
a q independent scaling [3]. The shell model electron scat-
tering form factors needs to be modified by including higher
configurations, called core polarization effect. These effects
are considered as a supplement to the usual shell-model treat-
ments, which gives more practical efforts to account for the
Coulomb excitations collectivity. A model based on mi-
corscopic approach has been used to account forCP effects
between states of single particle withLS closed shell [4].

Radhi et al. [5–8] have argued previously that theCP ef-
fects are essential to be taken into consideration for nuclei
lies in thep-shell andsd-shell to improve the calculations of
the form factors. The single quadrupole transitions Coulomb
form factors for electron scattering in the p-shell10B nucleus
have been investigated by F. A. Majeed [9], in which2~ω
excitations were considered by prompting necleons from the
core orbits to higher orbits to account forCP effects. The
high energy configuration effect were considered by means
of core polarization effect have been investigated by Ma-
jeedet al. [10] on theC2 andC4 form factors of some se-
lected nuclei lies in the fp-shell region. The core polarization
were calculated by employing harmonic oscillator (HO) and
Skyrme-Hartree Fock (Skx) as residual interactions. Majeed
et al. [11] investigated the effect of the configuration of high
energy for the positive and negative parity states form factors
for longitudinal and transverse cases.

The goal of the current study is to investigate the nu-
clear structure of20Ne, 22Ne and24Mg nuclei. In particu-
lar, energy levels, inelastic electron scattering form factors
and transition probabilities using shell model codesCP and
NushellX@MSU for windows [12]. The study ofC2 and
C4 for this nuclei including configurations of high-energies
by utilizing the first-order perturbation theory to account for
theCP effects. The zeroth contribution for the single-particle
wave functions are used and the effect ofCP , is taken into
consideration by perturbation theory of first order with the
residual interaction which is the modified surface delta inter-
action (MSDI) [13]. The potential of harmonic-oscillator
(HO) with the size parameterb is taken to account for the
root-mean-square(rms) charge radii of the studied nuclei.

The effect ofCP on the form factors is derived from a
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microscopic theory that allows the basis function of the shell
and the configurations with higher-energy to be combined
as perturbations of first order. The electron scattering op-
eratorTΛ, written in terms of the reduced matrix elements
which consists of the residual interactionVres as the sum of
the product of the density matrix of one-body (DMOB) ele-
mentsχΛ

Γf Γi
(α, β) times he matrix element of single particle,

and is given by,

〈Of |||TΛ|||Oi〉 = 〈Of |||TΛ|||Oi〉ms

+ 〈Of |||δTΛ|||Oi〉CP, (1)

where| Oi〉 and| Of 〉 are the model space states. The quan-
tum numbers are denoted by Greek symbols in space and
isospace coordinates,i.e. Oi ≡ JiTi, Of ≡ JfTf and
Λ = JT .

The matrix of the model space (ms) consists of the sum
of the product of the matrix element of the density matrix of
one-body (DMOB)χΛ

Of Oi
(α, β) times the matrix element of

the single-particle as follows [14],

〈Of |||TΛ|||Oi〉ms =
∑

α,β

χΛ
Of Oi

(α, β)〈α|||TΛ|||β〉, (2)

with the single-particle statesα andβ are to account for the
model space where the isospin is included.

The matrix element of the configurations with higher en-
ergy (CP ) is similarly written as

〈Of |||δTΛ|||Oi〉CP =
∑

α,β

χΛ
Of Oi

(α, β)〈α|||δTΛ|||β〉, (3)

〈α|||δTΛ|||β〉 = 〈α|||TΛ
Q

Ei −H0
Vres|||β〉

+ 〈α|||Vres
Q

Ef −H0
TΛ|||β〉. (4)

whereQ represent the projection operator, which projects
onto the model space. The MSDI [13] is adopted as the resid-
ual interactionVres andEi andEf are the energies of the ini-
tial and final states, respectively.

The MSDI effective interaction that was adopted for the
calculation of theCP effects is a very adequate choice due
to its adjustable parameters that allows us to reliably consider
the CP effects with respect to the model space. The MSDI
can be written as [13]

〈j1j2|V MSDI
(1,2) |j3j4〉JT = −AT

(2j1 + 1)(2j2 + 1)
2(2J + 1)(1 + δ12)

×
{
〈j2 − 1

2
j1

1
2
|J0〉2 [

1− (−1)l1+l2+J+T
]
+ 〈j2 1

2
j1

1
2
|J1〉2 [

1− (−1)T
]
}

+
[
2T (T + 1)− 3

]
+ B + C (5)

where〈j2 − (1/2)j1(1/2)|J0〉, 〈j2(1/2)j1(1/2)|J1〉 are Clebsch-Gordan coefficients [15], T is the nuclear isospin, B and C
are parameters obtained from the fitting to the experimental data for various mass region. The parametersAT with T taken as
0 or 1, B and C are approximated as [13]

A0 ≈ A1 ≈ B =
25
A

and C ≈ 0, (6)

whereA is the mass number.
TheCP terms are written as [13]

〈α|||δTΛ|||β〉 =
∑

α1,α2,Γ

(−1)β+α2+Γ

eβ − eα − eα1 + eα2

(2Γ + 1)
{

α β Λ
α2 α1 Γ

} √
(1 + δα1α)(1 + δα2β)

× 〈αα1|Vres|βα2〉〈α2|||TΛ|||α1〉+ terms with α1 andα2 exchanged with an overall minus sign (7)

whereα1 andα2 indices which runs over particles states ande is the energy for single-particle states. TheCP terms are
determined from the intermediate states up to the 2p1f -shells. The matrix element of the single-particle is reduced in both spin
and isospin is expressed in terms of the matrix element of the single reduced in spin only [13].

〈α2|||TΛ|||α1〉 =

√
2T + 1

2

∑
tz

IT (tz)〈α2||TΛ||α1〉 (8)
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with

IT (tz) =

{
1, for T = 0,

(−1)1/2−tz , for T = 1,

wheretz = −1/2 for neutrons and 1/2 for protons. The ma-
trix element of the single-particle Coulomb operator is ex-
pressed as [14]

〈α2||TJ ||α1〉

=

∞∫

0

drr2 jJ (qr)〈α2||YJ ||α1〉Rn1`1 Rn2`2 (9)

wherejJ(qr) is the Bessel function in spherical coordinates
andRn`(r) is the radial wavefunction for the single particle.

The form factors for electron scattering involves the mo-
mentum transferq and angular momentumJ , between the
initial and final nuclear shell model states of spinJi,f and
isospinTi,f [3] is [3]

|FJ (q)|2 =
4π

Z2(2Ji + 1)

∣∣∣∣∣∣
∑

T=0,1

(
Tf T Ti

−Tz 0 Tz

)∣∣∣∣∣∣

2

× |〈α2|||TΛ|||α1〉|2 |Fc.m(q)|2 |Ff.s(q)|2 (10)

whereTz is the final isospin states projected along z-axis and
is evaluated by the relationTz = (Z − N)/2. The form
factor for the finite size of the nucleon (f.s) isFf.s(q) =
exp(−0.43q2/4) and Fc.m(q) = exp(q2b2/4A) represent
the translational invariance lack in the shell model.A is the
mass number andb is the size parameter for harmonic oscil-
lator.

The strength of the electric transition is [13]

B(CJ, k) =
Z2

4π

[
(2J + 1)!!

kJ

]2

F 2
J (k) (11)

wherek = Ex/~ c.
The Tassie model (TM) used for the core polarization in

NushellX@MSU is a modelling of more elasticity and mod-
ification that allows a non-uniform mass and charge den-
sity distribution. TheCP charge density in TM model de-
pends on the ground state charge density of the nucleus. The
ground state charge density is expressed in terms of the two-
body charge density for all occupied shells including the
core. Based on the collective modes of the nuclei, the Tassie
shape core polarization transition density is given by [16].

ρcore
Jtz

(i, f, r) = N
1
2
(1 + τz)rJ−1 dρ0(i, f, r)

dr
(12)

where N is a proportionality constant andρ0 is the ground
state two- body charge density distribution, which is given

ρ0 = 〈ψ|ρ̂(2)
eff (~r)|ψ〉 =

∑

i<j

〈ij|ρ̂(2)
eff (~r)[|ij〉 − |ji〉] (13)

where

ρ̂
(2)
eff (~r)=

1
2(A−1)

f(rij)
∑

i 6=j

{δ(~r−~ri)+δ(~r−~ri)} f(rij)

i and j are all the required quantum numbers,i.e. i ≡
ni, `i, ji,mi, ti,mti

and j ≡ nj , `j , jj ,mj , tj ,mtj
where

the functionsf(rij) are the two body short range correla-
tion (SRC). In this work, a simple model form of short range
correlation has been adopted,i.e.

f(rij) = 1− exp[−β(rij − rc)2]

whererc is the radius of a suitable hard-core andβ is a cor-
relation parameter. The Coulomb form factor for this model
becomes:-

FL
J (q) =

√
4π

2Ji + 1
1
Z

{ ∞∫

0

r2jJ(qr)ρms
J (i, f, r)dr

+ N

∞∫

0

drr2jJ(qr)rJ−1 dρ0(i, f, r)
dr

}
Fcm(q)Ffc(q) (14)

The radial integral
∞∫

0

drrJ+1jJ(qr)
dρ0(i, f, r)

dr

can be written as:-
∞∫

0

d

dr

{
rJ+1jJ(qr)ρ0(i, f, r)

}
dr

−
∞∫

0

dr(J + 1)rJjJ(qr)ρ0(i, f, r)

−
∞∫

0

drrJ+1 d

dr
jJ (qr)ρ0(i, f, r) (15)

where the first term gives zero contribution, the second and
the third term can be combined together as

−q

∞∫

0

drrJ+1ρ0(i, f, r)
[

d

d(qr)
+

J + 1
qr

]
jJ(qr) (16)

from the recursion of the spherical Bessel function:
[

d

d(qr)
+

J + 1
qr

]
jJ(qr) = jJ−1(qr) (17)

∴
∞∫

0

drrJ+1jj(qr)
dρ0(i, f, r)

dr

= −q

∞∫

0

drrJ+1jJ−1ρ0(i, f, r)
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Therefore, the form factor of Eq. ( number ) takes the
form:

FL
J (q)=

(
4π

2Ji + 1

)1/2 1
Z

{ ∞∫

0

r2jJ (qr)ρms
Jtz

dr

−Nq

∞∫

0

drrJ+1ρ0jJ−1(qr)

}
×Fcm(q)Ffs(q) (18)

The proportionality constantN can be determined from
the form factor evaluated atq = k, i.e. substitutingq = k in
the equation above we obtained

N =

∞∫
0

drr2jJ(kr)ρms
Jtz

(i, f, r)−FL
J (k)Z

√
2Ji+1

4π

∞∫
0

drrJ+1ρ0(i, f, r)jJ−1(kr)
(19)

2. Results and Discussion

2.1. The excitation energies

The core is taken at16O for all nuclei under the study with
4, 6 and 8 particles outside the core for20Ne, 22Ne and
24Mg respectively. Figure 1 displays our theoretical work
in comparison to the experimental data [18] for20Ne nu-
cleus. Our calculations predicts the values2+ at 1.696 MeV
and 1.747 MeV, by employing the effective interactionsusda
andusdb, respectively. The difference between2+ is found to
be 62 keV and 113 keV in comparison with the correspond-
ing experimental data usingusda andusdb, respectively. The
1+ has been confirmed by our theoretical calculations which
is not confirmed experimentally using both effective interac-
tions. The theoretical predication compared to the the corre-
sponding experimental data of the energy levels for positive
parity states of22Ne nucleus is shown in Fig. 2. Our calcu-
lations predicts the values2+ at 1.310 MeV and 1.363 MeV,
by utilizing the effective interactionsusda andusdb, respec-
tively. The difference between2+ is found to be 35 KeV and
88 keV in comparison with the corresponding experimental
data usingusda andusdb, respectively. Many unconfirmed
experimental energy levels for this nucleus have been con-

FIGURE 1. Calculations of the excitation energies compared to the
corresponding experimental data [18] usingusda andusdb effec-
tive interactions for20Ne nucleus.

firmed. Figure 3 shows the theoretical energy spectra
for 24Mg nucleus in comparison with the experimental
data [18]. The predicted values for2+ levels is found at
1.491 MeV and 1.502 MeV usingusda andusdb effective
interactions, respectively. The absolute difference for the2+

level and the corresponding experimental data is 122 keV and
133 keV usingusda andusdb effective interactions, respec-
tively. All the energy levels ordering is predicted correctly for
24Mg nucleus.

2.2. Electron scattering form factors

TheMSDI residual effective interaction is employed to cal-
culate theCP effects. The parameters of theMSDI resid-
ual effective interaction areAT , B andC [13], whereT is
the isospin which takes the values 0 or 1 . TheMSDI pa-
rameters are estimated fromA0 = A1 = B = 25/A and
C = 0, whereA represent the mass number. In all the pro-
ceeding figures below “see Fig. 1 panel (a)”, the dashed curve

TABLE I. The estimated values of the reduced transition probabilitiesB(C2 ↑) (in units ofe2fm4) andB(C4 ↑) (in units ofe2fm8×103)

compared with the corresponding experimental data.

Nucleus Jπ
f Tf Ex(MeV) ms ms+CP Exp.

20Ne 2+
1 0 1.634 145.1 461.3 292.07± 37.72a

4+
1 0 4.247 12.07 55.98 38± 8 b

22Ne 2+
1 0 1.275 166 248.7 229.8± 42c

4+
1 0 3.357 4.42 9.02 ——

24Mg 2+
1 0 1.369 119.5 390.7 428.9± 8.74 a

2+
2 0 4.238 12.17 25.47 22.37± 0.053 a

4+
2 0 6.011 11.75 23.98 43± 6 d

aRef. [19],bRef. [20],cRef. [21],dRef. [22].
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FIGURE 2. Calculations of the excitation energies compared to the
corresponding experimental data [18] usingusda andusdb effec-
tive interactions for22Ne nucleus.

FIGURE 3. Calculations of the excitation energies compared to the
corresponding experimental data [18] usingusda andusdb effec-
tive interactions for24Mg nucleus.

gives the results obtained using thesd shell model calcula-
tions withoutCP effects. The dotted curve represents the
contribution from theCP only. The blue solid curves rep-
resent the calculations including the core polarization contri-
bution over the model space calculations(sd + CP ) and the
red solid line gives the results obtained for the Tassie model
from NushellX with different set of proton eπ and eν effective
charges.

FIGURE 4. Panel (a) the longitudinalC2 form factor for 2+0

(1.634 MeV) in 20Ne. The measured values are from Ref. [23]
and panel (b) is the theoretical and experimentalB(C2, q) for the
1.634 MeV(2+

1 ) state of20Ne.

2.2.1. 20Ne Nucleus

1.634 MeV,Jπ
f T = 2+

1 0 state

Figure 4 panel (a) displayed theC2 form factor calculation
for the state(Jπ

f T = 2+
1 0) at Ex = 1.634 MeV. The calcu-

lations of thesd shell model space only underestimates the
experimental data, when theCP effects are considered, the
calculation improved markedly, that made the form factor re-
produce the experimental data over the entire range of the
momentum transferq. The predicted value of theB(C2 ↑)
for the sd-shell is 145.1e2fm4 compared to the measured
value 292.07± 37.72e2fm4 [19]. Including theCP effect
in the calculations of theB(C2 ↑) predicts the value to be
461.3e2fm4. The Tassie model calculations agrees reason-
ably well with the fist diffractions maxima and able to locate
the experimental diffraction minima. The Tassie model un-
derestimate the measured data in the second diffraction max-
ima. In general theB(C2 ↑) reproduce the shape of the form
factor and the theoretical calculation of the transition proba-
bility agrees reasonably well with the corresponding experi-
mental probability as shown in Fig. 1 panel (b) for the state

Rev. Mex. Fis.65 (2019) 159–167
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FIGURE 5. The longitudinalC4 form factor for4+
1 0 (4.247 MeV)

in 20Ne. The measured data from [23].

2+
1 at 1.634 MeV. The inclusion of the CP effects is found to

be very essential for both form factor andB(C2 ↑) calcula-
tions.

4.247 MeV,Jπ
f T = 4+

1 0 state

Figure 5 presents theC4 form factor calculation in which the
sd-shell model predictions are lower than the experiment and
considering theCP effects improves the form factor calcu-
lations that reproduced the experiment in detail all over the
entire range of the momentum transferq. The calculated
B(C2 ↑) value is12.07× 103 e2fm8 excludingCP ) effects
and55.98× 103 e2fm8 including theCP effects along with
the measured value38±8 e2fm8 [20]. The Tassie model cal-
culations underestimate the measured data in all momentum
transfer dependance.

FIGURE 6. The longitudinalC2 form factor for2+
1 0 (1.275 MeV)

in 22Ne. The measured data from [24].

FIGURE 7. The longitudinalC2 form factor for2+
2 0 (4.456 MeV)

in 22Ne. The measured data from [24].

2.2.2. 22Ne Nucleus

1.275 MeV,Jπ
f T = 2+

1 0 state and 4.456 MeV,Jπ
f T = 2+

2 0
state.

The form factor for theC2 transition for the states2+
1 and

2+
2 calculations are displayed in Figs. 6 and 7, respectively.

Thesd-shell model calculations has a shortfall in describing
the experimental form factors and the(sd + CP ) calcula-
tions are remarkably agreed with the measured values. The
model space predicts the valueB(C2 ↑) to be 166e2fm4

in comparison with the measured value229.8 ± 42e2fm4.
The calculatedB(C2 ↑) including theCP effects predicts
the value of 248.7e2fm4. The Tassie model overshoots the
measured data for theC2 form factor.

3.357 MeV,Jπ
f T = 4+

1 0 state

Figure 8 displays theC4 form factor of the longitudinal tran-
sition for theJπ

f T = 4+
1 0 state atEx = 3.357 MeV of 22Ne.

FIGURE 8. The longitudinalC4 form factor for4+
1 0 (3.357 MeV)

in 22Ne. The measured data from [24].
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Theoretical model space predictions underestimate the mea-
sured values. The model space calculations along withCP
effects taken into consideration improves the form factors
calculations up toq < 1.0fm−1. The predicted value of
B(C2 ↑) is 4.42e2fm8 × 103 without theCP effects and
9.02e2fm8× 103 when theCP effects included. The Tassie
model calculations with effective charges reproduce the mea-
sured data better than the model space calculations includ-
ing theCP effects in the momentum transfer region up to
q < 1fm−1. The success of the Tassie model for this state
might be attributed to the charge density that has a direct ef-
fect from the proton and neutron effective charges.

2.2.3. 24Mg Nucleus

1.369 MeV,Jπ
f T = 2+

1 0 state

The form factor forC2 transition state(Jπ
f = 2+, T = 0)

at Ex = 1.369 MeV of the 24Mg is displayed in Fig. 9
panel (a) where the model space calculations have a shortfall
in describing the measured data. There is a remarkable en-
hancement in the calculations of the form factors for the first
maxima and overshoots the data at the second maxima when

FIGURE 9. Panel (a) the longitudinalC2 form factor for 2+
1 0

(1.369 MeV) state in24Mg. The measured values from [22] and
panel (b) theoretical and experimentalB(C2, q) for the 1.369 MeV
(2+

1 ) state of24Mg.

the CP effects are included. The Tassie calculations repro-
duce the second maxima better thansd + CP calculations
and this might be attributed to the effective charge used for
this state. The model space estimate the value ofB(C2 ↑)
to be 119.5e2fm4, while the sd + CP with usda effec-
tive interaction is 390.7e2fm4 compared to the measured
value 428.9 ± 8.74 e2fm4 [19]. The comparison of the
calculatedB(C2, q) as function of the momentum transfer
with the corresponding experimental data are shown in Fig. 9
panel (b). The model space calculations ofB(C2, q) under-
estimated the measured data in the momentum transfer re-
gion 0 ≤ q ≤ 1.2fm−1. The sd and (sd + CP ) calcu-
lations are both able to locate the diffraction minima accu-
rately. TheB(C2, q) calculations start to deviate in the re-
gion 0 ≤ q ≤ 2.0fm−1 and the (sd+CP) calculations
improved markedly to agree reasonably well with the ex-
perimental data. The location of the diffraction minima of
B(C2, q) is located accurately for bothsd and sd + CP
calculations. The calculated transition strengthB(C2 ↑)
is 390.7e2fm4 agrees very well with the measured value

FIGURE 10. Panel (a) the longitudinalC2 form factor for 2+
2 0

(4.238 MeV) in 24Mg. The data are taken from [25] and panel
(b) theoretical and experimentalB(C2, q) for the 4.238 MeV(2+

2 )
state of24Mg.
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FIGURE 11. The longitudinalC2 form factor for4+
1 0 (4.123 MeV)

in 24Mg. Measured values from [25].

FIGURE 12. The longitudinalC2 form factor for4+
2 0 (6.011 MeV)

in 24Mg. Measured values from [25].

B(C2 ↑) is428.9±8.74 e2fm4 which is obtained at the limit
q → 0. The Tassie model calculations of theC2 form fac-
tor for this state are in excellent agreement in all momentum
transfer regions and are more closer to describe the second
maxima at high momentum transfer.

4.238 MeV,Jπ
f T = 2+

2 0 state

Figure 10 panel (a) presents the calculations of the2+
2 0

(4.238 MeV) state. The calculations without the inclusion
of CP effects have a shortfall in describing the measured
data. The (sd + CP) calculations are in remarkably better
agreement with the experimental data.CP effects enhance
the form factor and reproduce the measured form factor in
the first maxima. The model space calculations forB(C2 ↑)
gives 12.17e2fm4 value in comparison with the measured

value of22.37±0.053 e2fm4 [19] and including theCP ef-
fects predicts the value 25.47e2fm4. The Tassie model cal-
culations are very close to the model space calculations espe-
cially in the first maxima. The measured data in the high mo-
mentum transfer are very few, that we can not decide which
one is in better agreement with the experiment. The calcu-
lation of theB(C2 ↑) for the2+

2 state are shown by Fig. 10
panel (b) where the model space calculations underestimate
the measured data, thesd + CP calculations are able to re-
produce the measuredB(C2 ↑) values for the momentum
transfer regionq ≥ 2.1fm−1 and fail to reproduce that mea-
sured data2.1 ≤ q ≤ 3.5 fm−1.

4.123 MeV,Jπ
f T = 4+

1 0 state and 6.011 MeV,Jπ
f T = 4+

2 0
state

The form factor for the transitionC4 of the states
(4.123 MeV, 6.011 MeV)4+

1 and4+
2 calculations are man-

ifested in Figs. 11 and 12 respectively. The model space have
a shortfall in reproducing the measured data and when the
CP effects are considered, the calculations improved very
well to be able to reproduce the measured data. The Tassie
model with effective charges for proton and neutron is able
to reproduce the data for both studied states. The calculated
transition probabilityB(C4 ↑) without includeCP effect
is 11.75e2fm4 × 103, compared with the measured value
43 ± 6 e2fm4 × 103 [22] and the predicted value withCP
effects included is 23.98e2fm8 × 103.

3. Conclusion

The nuclear structure of20Ne, 22Ne and24Mg nuclei have
been studied by employing the shell model withusda and
usdb effective interactions designed for thesd-shell re-
gion. The core polarization effects have been considered by a
microscopic theory that allows the excitation to4~ω, without
any adjustable parameters that were used previously when
the core polarization effects is taken by the concept of the
effective proton and neutron effective charges. The level ex-
citation spectra, transition probabilities and inelastic electron
scattering form factors have been addressed in the present
study. The shell model prediction have a shortfall in describ-
ing the form factors and theCP effect must be taken into
consideration to be able to reproduce the longitudinalC2 and
C4 form factors. The Tassie model with proton and neutron
effective charges is able to reproduce theC2 andC4 form
factors for all the studied states of the nuclei under study.
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