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The magnetic electron scattering form factor with glekpn, d3f7, ho models space for 51V , 59Co, 93Nb, and 115In nuclei
are discussed with and without core polarization effects (CP). The calculations are done with the help of NuShellX@MUS
code. The radial wave function for the single-particle matrix elements have been calculated with the SKyrme-Hartree
Fock (SKX), Wood–Saxon(WS), and harmonic oscillator (HO) potentials. valence model (Vm) used in these calculation
to calculate form factors with core-polarization effects. The results give a good agreement with available experimental
data.
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1. INTRODUCTION

A special method for examining the electromagnetic characteristics of nuclei and learning about their
charge and current distributions is electron scattering. Several reasons for using electrons as probes. The
electromagnetic force, the most well-known interaction and one that quantum electrodynamics (QED) fully
describes, is what first causes the electron to interact with the nucleus. Additionally, the interaction’s coupling
constant is not strong enough to materially alter the nuclear structure under investigation. Additionally, one
may operate in first order perturbation inside the one-photon exchange approximation due to the interaction’s
weakness. Second, unlike with actual photons, the energy transfer and momentum transfer may be changed
separately, allowing for the mapping of the densities’ Fourier transform. Past research on electron scattering
in the elastic, inelastic, and quasi-elastic regimes has produced the most precise measurements of charge radii,
transition probabilities, momentum distributions, and spectroscopic parameters [1].

The nuclear shell model has shown to be a highly useful tool for studying nuclear structure because it can
accurately and systematically account for many observable by choosing the right residual effective interaction.
The creation of a nuclear shell model has advanced the understanding of nuclear structure. The shell model,
while fundamentally simple, describes a variety of nuclear phenomena, including spin, magnetic moment, and
nuclear spectra [2].

One of these models, the shell model with a constrained model space (MS), when effective charges are
utilized, is successful in characterizing the static characteristics of nuclei. The core orbits are deformed in a
manner that is compatible with the quadrupling of the valance orbits [3].

The aim of this study is to investigate electron scattering form factors that constitute the inelastic transverse
electron scattering of 51V , 59Co, 93Nb and 115In. In these calculations, the nucleation model in the fp-shell
and g-shell regions. The coincidence model calculations will be performed using the interaction of w0, ho and
glekpn (constraint) effective for the fp and gf model space. The shell model calculation will be performed
using NushellX@MSU [4]. The Valence + core polarization (Vm+CP) and valence models (Vm) only uses the
appropriate efficiencies for the neutron and proton inelastic form factors were calculated. Our theoretical results
will be compared with previously collected experimental data. Electron scattering form factors of some nuclei
have been studied by Jassim and et. al. [5]. Li, Xin and et.al. have been mode comparative studies on nuclear
elastic magnetic form factors between the relativistic and non-relativistic mean-field approaches [6].

2. THEORY

The formalism of electron scattering from deformed nuclei that we follow in this work. All nuclear infor-
mation is included in the longitudinal form factor FL(q), which represents scattering from the nuclear charge
density, and the transverse form factor FT (q), which represents scattering from the nuclear current density
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structural details [7]. The differential cross-section for electron scattering from a nucleus with mass (M) and
charge (Ze) into angle (d) in PWBA ( plane-wave Born approximation) is given by [8]:

dσ

dΩ
=

(
dσ

dΩ

)
Mott

frec
∑
J

|FJ(q, θ)|2, (1)

where the cross-section of the Mott is represented by
(
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. The scattering of a relativistic electron from a
spin-free point charge at high energy is given by [9]:(
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It is known as the nuclear recoil factor:

frec =

(
1 +

2Ei

M
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(
θ

2

))−1

(3)

The total form factor FJ(q, θ) of a certain multi-polarity is described as having a transverse part FT
J (q) and a

Longitudinal (Coulomb) part FL
J (q) and is defined as [10]:

F 2
J (q, θ) =
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where qu stands for the four momentum transfer, q stands for momentum transfer and θ stands for the scattering
angle. It is possible to express the effective momentum transfer by qeff can be written as [11]:

qeff = q

[
1 +

3

2

Ze2

EiRc

]
, (5)

where Rc =
√

5
3 rrms.

Parity and time reversal invariance indicate that only the even and odd transverse magnetic multipoles
contribute to elastic scattering. Then, in PWBA, only odd magnetic multipoles will remain after θ = 180.

|FT (q)|2 =
∑

λ=odd

∣∣FMλ
∣∣2 (6)

The definition of the magnetic multi pole operators is

T̂Mλ
µ (q) =iλ

∫
drjλ(qr)Y

µ
λλ(Ωr).Ĵ(r), (7)

where the operator for current density is Ĵ(r). The convection and magnetization components of the currents

Ĵ in the transverse form factors result from the motion and intrinsic magnetic moments of the nucleons, respec-
tively. We adjust for the center of mass (c.m.) and finite nucleon sizes when calculating the overall form factors.
The common factor produced from the harmonic-oscillator approximation is used for the c.m. correction.

Fc.m(q) = exp(q2b2/4A), (8)

where A is the mass number of the nucleus and b is the harmonic oscillator size parameter [1].
With isospin, the form factor adopts the form

F 2
J (q) =

4π

Z2(2Ji + 1)

∑
T=0,1

(−1)Tf−Ti

∣∣∣∣ Tf T Ti

−TZ 0 TZ

∣∣∣∣ ,
|⟨JfTf |∥L̂JT (q)|∥Ji⟩|2 |Fc.m(q)|2 |Ff.s(q)|2.

(9)

Where Ff.s(q) is the finite size correction given by

Ff.s(q) = exp (−0.43q2/4). (10)

Where TZ = Z−N
2 and T given by:

|Ti − Tf | ≤ T ≤ Ti − Tf , (11)

see [12].
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3. RESULT AND DISCUSSION

The nuclei under examination have 11 and 19 particles outside the core 40Ca for 51V and 59CO, and 37,59
particles outside the core 56Ni (with restriction usade) for 93Nb and 115In respectively. Calculations using
Valence model with and without core-polarization effects. NuShellX@MUS was used for all calculations with
the SKx, WS, HO potential.

3.1. Magnetic form factor for 51V

The transverse form factor calculations have been performed in the d3f7 model space with the shell-model
code NUSHELLX X@MUS since we are interested in the negative-parity states of 51V for the valance particles
states outside the core 40Ca, The Vm(a) and the Vm with CP model (b) are compared in the (Figure 1) as the
total magnetic form factor which symbolizes the sum.

Figure 1. The transverse magnetic form factor for 51V (Jπ = 7
2

−
). The experiment’s findings are based on

Ref [12], [13], [14].

The contribution of M1, M3, M5, and M7 for 51V (Jπ = 7
2

−
) is shown in red, blue, green, and yellow,

respectively. Effective interaction (W0). It was applied to the fp-shell model space wave function. In the first
peak between (0 ≤ q ≤ 1.5)fm−1, the dominant component is M1 where the maximum values are 10−3 and
(0.6)fm−1 for form factors and momentum transfer values respectively. At the second peak between (1.5 ≤
q ≤ 3)fm−1, the dominant component is M7 where the maximum values are 10−4 and (3)fm−1 for form
factors and momentum transfer values respectively ,There is no rapprochement between the experiment’s and
the theoretical data for the final peak.

Figure (2) compares the total magnetic form factor between the Valence model(Vm)shown in red line and
the Valence model with core polarization (Vm+Cp) shown in blue line It is clear from the peaks in the figure
that the core effect is very small, because the form factor in our work is transverse.

Figure 2. Demonstrates compare between Vm and Vm+CP models for 51V (Jπ = 7
2

−
).



320
EEJP.2(2023) Sajad A. Khasain, Khalid S.Jassim

3.2. Magnetic form factor 59Co

The transverse form factor calculations have been performed in the model space (ho) since we are interested
in the negative-parity states of 59Co for the valance particles states outside the core 40Ca, The Vm(a) and the
Vm with CP model (b) are compared as the total magnetic form factor, which symbolizes the sum. The

contribution of M1, M3, M5, and M7 for 59Co (Jπ = 7
2

−
) is shown in red, blue, green, and yellow, respectively.

Effective interaction (ho). It was applied to the fp-shell model space wave function. In the first peak between
(0 ≤ q ≤ 1.3)fm−1, the dominant component is M1 where the maximum values are 10−3 and (0.7)fm−1 for
form factors and momentum transfer values respectively. At the second peak between (1.5 ≤ q ≤ 3.4)fm−1, the
dominant component is M7 where the maximum values is 10−4 and (2.3)fm−1 for form factors and momentum
transfer values respectively.

Figure 3. The transverse magnetic form factor for59CO (Jπ = 7
2

−
). The experiment’s findings are based on

Reference[12],[15][16].

Figure (4) compares the total magnetic form factor between the Valence model (Vm), shown in red line,
and the Valence model with core polarization (Vm+Cp), shown in blue line. It is clear from the peaks in the
figure that the core effect is very small, because the form factor in our work is transverse.

Figure 4. Demonstrates compare between Vm and Vm+CP models for 59CO(Jπ = 7
2

−
).

3.3. Magnetic form factor 93Nb

The transverse form factor calculations (Figure 5) have been performed in the (glekpn with restriction)
model space with the shell-model code NUSHELL X@MUS since we are interested in the positive-parity states
of 93Nb for the valance particles states (1g7/2) outside the core 56Ni, The Vm (a) and the Vm with CP model
(b) are compared as the total magnetic form factor, which symbolizes the sum. The contribution of M1, M3, M5,

and M7 for 93Nb (Jπ = 9
2

+
) is shown in red, blue, green, and yellow, respectively. Effective interaction glekpn.
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Figure 5. The transverse magnetic form factor for 93Nb(Jπ = 9
2

+
). The experiment’s findings are based on

Reference [12][17][15].

It was applied to the g-shell model space wave function. In the first peak between (0 ≤ q ≤ 1.1)fm−1, the
dominant component is M1 where the maximum values are 10−3 and (0.6)fm−1 for form factors and momentum
transfer values respectively. At the second peak between (1.4 ≤ q ≤ 3)fm−1, the dominant component is M3
where the maximum values are 10−3 and (1.7)fm−1 for form factors and momentum transfer values respectively.

Figure (6) compares the total magnetic form factor between the Valence model (Vm), shown in red line,
and the Valence model with core polarization (Vm+Cp), shown in blue line. It is clear from the peaks in the
figure that the core effect is very small, because the form factor in our work is transverse.

Figure 6. Demonstrates compare between Vm and Vm+CP models for 93Nb(Jπ = 9
2

+
).

3.5. Magnetic form factors of 115In

The transverse form factor calculations Figure (7) have been performed in the (glekpn whit restriction)
model space since we are interested in the positive-parity states of 115In for the valance particles states (1g7/2)
outside the core 56Ni. The Vm (a) and the Vm with CP model (b) are compared as the total magnetic form

factor, which symbolizes the sum. The contribution of M1, M3, M5, and M7 for 115In (Jπ = 9
2

+
) is shown

in red, blue, green, and yellow, respectively. Effective interaction glekpn. It was applied to the g-shell model
space wave function. In the first peak between (0 ≤ q ≤ 1)fm−1, the dominant component is M1 where the
maximum values are 10−3 and 0.5fm−1 for form factors and momentum transfer values respectively. At the
second peak between (1.6 ≤ q ≤ 2.8)fm−1, the dominant component is M9 where the maximum values is 10−4

and (1.9)fm−1 for form factors and momentum transfer values respectively.
Figure (8) compares the total magnetic form factor between the Valence model (Vm), shown in red line,

and the Valence model with core polarization (Vm+Cp), shown in blue line. It is clear from the peaks in the
figure that the core effect is very small, because the form factor in our work is transverse.
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Figure 7. The transverse magnetic form factor for 115In(Jπ = 9
2

+
). The experiment’s findings are based on

Reference [12].

3.4.

Figure 8. Demonstrates compare between Vm and Vm+CP models for 115In(Jπ = 9
2

+
).

4. CONCLUSIONS

We calculated The magnetic form factors for electron scattering from deformed nuclei (odd-A) in this work.
The Vm and Vm with CP Models With W0,ho and glekpn as effect interaction and Skx&wsn&ho as potential
describe transversal form factors of 51V, 59Co and 93Nb,115In well with experimental data.
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ÌÀÃÍIÒÍI ÔÎÐÌ-ÔÀÊÒÎÐÈ ÄËß ÄÅßÊÈÕ ßÄÅÐ 51V , 59Co, 93Nb, 115In
ÇÀ ÂÈÊÎÐÈÑÒÀÍÍßÌ ÂÀËÅÍÒÍÎÑÒI Ç ÌÎÄÅËßÌÈ ÏÎËßÐÈÇÀÖIÉÍÈÕ

ÅÔÅÊÒIÂ ßÄÐÀ ÒÀ ÁÅÇ ÌÎÄÅËÅÉ
Ñàäæàä À. Õàñåéí, Õàëiä Ñ. Äæàñiì

Ôàêóëüòåò ôiçèêè, Êîëåäæ íàâ÷àííÿ ôóíäàìåíòàëüíèì íàóêàì, Óíiâåðñèòåò Áàáèëîíà, 51002 Áàáèëîí, Iðàê

Ôîðì-ôàêòîð ìàãíiòíîãî ðîçñiþâàííÿ åëåêòðîíiâ iç glekpn, d3f7, ho ìîäåëþ¹ ïðîñòið äëÿ ÿäåð 51V , 59Co, 93Nb,
115In îáãîâîðþ¹òüñÿ ç åôåêòàìè ïîëÿðèçàöi¨ ÿäðà (CP) i áåç íèõ. Ðîçðàõóíêè âèêîíóþòüñÿ çà äîïîìîãîþ êîäó
NuShellX@MUS. Ðàäiàëüíó õâèëüîâó ôóíêöiþ äëÿ îäíî÷àñòèíêîâèõ ìàòðè÷íèõ åëåìåíòiâ áóëî ðîçðàõîâàíî çà
äîïîìîãîþ ïîòåíöiàëiâ Ñêiðìà-Õàðòði Ôîêà (SKX), Âóäà-Ñàêñîíà (WS) i ãàðìîíiéíîãî îñöèëÿòîðà (HO). Ìîäåëü
âàëåíòíîñòi (Vm), âèêîðèñòàíà â öèõ ðîçðàõóíêàõ äëÿ ðîçðàõóíêó ôîðì-ôàêòîðiâ ç åôåêòàìè ïîëÿðèçàöi¨ ÿäðà.
Ðåçóëüòàòè äîáðå óçãîäæóþòüñÿ ç íàÿâíèìè åêñïåðèìåíòàëüíèìè äàíèìè.
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