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Abstract

The configurations of the nuclear shell model were employed to study and inspect the form
factor of a scattering electron in the *®Ni nucleus. The wave function of the model space was
obtained through the (fp-orbits) and (fpd6) effective interactions within the model space by
utilizing the Harmonic Oscillator wave functions as a single particle's wave function. In the
(fp-LS) shell, the correction for the main calculations of model space was performed by the 1°-
order perturbation theory to estimate the effects of core polarization with the (2z®) energy of
excitation that has been carried out. Core polarization combined the model space with the
discarded space (higher configuration core). Via model space, the interaction of effective
(M3Y-P2) for linking the active particles of a model space with the particle-hole pair. The
interaction of two bodies of Michigan 3-range Yukawa (M3Y) was used as a residual
interaction for calculating the matrix elements of core polarization. Eventually, form factor
theoretical results and the available experimental results were compared.
Keywords: Electron scattering, Shell model, Nickel-58, M3Y interaction.

1. Introduction

The scattering of electrons is a successful approach for looking into the structure and
properties of nuclei (targets) (1). Elastic scattering for electrons is a technique in which the
nucleus remains in its initial (ground) condition both before and after the scattering process.
The spatial change in the nucleus's direction is denoted as the hole process. When the target
persists in its ground state, its kinetic energy is altered as it merely absorbs the recoil
momentum. Elastic scattering of electrons is very useful where it provides information,
between other components, about the potential (target nucleus, projectile), which is important
to give accurate computations of non-elastic processes theoretically and present an effective
experimental instrument for comprehending the distributions of charge, transition probabilities,
and radii (2). Information regarding the properties of isolated particles and the distribution of
nuclear charge and nuclear wave functions has been obtained through longitudinal scattering
of electron form factors. The longitudinal scattering of electron form factors has provided
information regarding individual nucleons, in contrast to the proton-sensitive charge scattering
(3). “®Ni is the core nucleus in which the radius is measured, for *®Ni it is the most essential
nuclear system since it serves as the foundation for microscopic descriptions of nuclei (3).
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The Fourier transform of the spatial charge distribution is represented by the form factor p(r).
This gives researchers a strong tool for determining the nuclei's spatial charge extent and shape.
The form factor is acquired by comparing the measured cross-section to the Mott cross-section
(1), which is dependent on Charge dispersion and magnetization in the target nucleus. Form
factors can be experimentally determined by calculating the energy of incident and scattered
electrons, as well as the scattering angle, as a function of momentum transfer (q) (2).The form
factors of elastic magnetic electron scattering in #'Ca have been studied. The [1f7/2] subshell
had been employed to be a model space with one neutron. To achieve the vectors of model
space for the form factors (M1, M3, M5, M7, and total), the Millinar, Baymann, and Zamick
effective interaction (F7TMBZ) for [1f7,2] was utilized as an effective interaction of model
space. For the spaces (core and higher configuration orbits), which are the discarded space, the
1st Order perturbation theory relates the pair of particle-hole with 2hw energy of excitation
within the form factors calculations about the density dependence realistic (M3Y) interaction
to be an interaction of core polarization with modern fitting parameters consists of five sets (4).
The elastic scattering of the electron form factors of certain fp shell nuclei was analyzed by
utilizing the fp shell as a model space and the effective (gxpfl) interaction within the model
space to generate the wave functions.

The calculations included the core and higher configuration orbits as primary adjustments
through the core polarization effect. The (M3Y-PO0) residual interaction was used to link the
pair of particles and holes within the space of models with the energy of excitation of 2A®. The
available experimental data was compared with the theoretical conclusions (5).The frozen
orbital method was utilized to compute the magnetic dipole moment in 50Ti using the model
of the nuclear shell for an excited state with Ex= 10.23 MeV, commonly referred to as the
"mystery case." Various optional choices were considered, including core polarization
interaction, restricted occupation, and effective interaction (6, 7).By coupling the model space's
active particles with the pair (particle-hole), the disregarded (discarded) space (higher
configuration core) was introduced via the influence of core polarization in a realistic
interaction with effective M3y P2 (7).As a model space, the single orbit 1f7, was selected.
With applying modern effective (M3Y) realistic interaction of (nucleon-nucleon) combined by
two different groups of optimal parameters for fitting (Paris fitting (M3Y-P0), Ried fitting
(M3Y-P1)), and the residual interactions (MSDI) were considered in the computation of effects
by the polarization of the core in the longitudinal inelastic scattering of electron C6 form factor
of Ti-50.

This was done within the 1st order of the theory of perturbation framework, coupling the core
orbits to higher configurations with 2hw excitation energy at normal transition through model
space. Wave functions Harmonic oscillators (H.O) were utilized to be individual particle wave
functions inside the 1f7/2 orbital (8).All of these data were compared to the experiment data.To
investigate the effects of magnetic field form factors on individual and total multipole moments
of electron scattering, a successful model based on the nuclear configurations of the shell model
was modified. The eliminated space (higher configuration + core) was integrated into the model
via the L-S shell, and an effective (M3Y P2) interaction was established between the moving
particles in the spouse (p-h) and model space. As interaction residues, the two-body interactions
M3Y were utilized in the computation of the matrix elements of core polarizability. A
comparison is made between the form factor of the theoretical result and the experimental data
(9, 10). When measuring energy levels and model space vectors, the shell theory approach with
the model space and discarded spaces is successful and highly accurate (11-15).
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2. Materials and Methods

Matrix elements that have been reduced from single-particle for the operator of electron
scattering T‘,{’ is defined by multiplying the product elements of the single-particle transition
matrix (OBDM) by the matrix elements ((a|||TA"|||B)), which are given by (1, 11, 12):

(GITY )
- Z 0BDM (I}, Iy, a, B) (el | 77118 M
e

Where (B, @) represent final and initial states of single particles, respectively (Isospin is
incorporated). Both of the states |I;) and |I;) denote the ultimate and initial states of the

nucleus, and the multi-polarity is (A = JT). For the scattering electron operator, the reduced
many-particle matrix element is separated into two parts: the (Model space) matrix element
and the (Core-polarization) matrix element. (11):

() = T s
+(TF ST, T ) ep (2)
Where:
(I ||T"A77 [III:)ms denotes the reduced matrix element of the model space.
(1}|||5TA"|||I})CP denotes the reduced matrix element of core polarization.
|I}) is the initial nucleus state.
|I¥) is the initial nucleus state.

The 1st-order perturbation theory states that elements of the matrix for the single-particle for
the higher-energy configurations can be expressed (1):

(B)

=(P) +(Q) (3)
V.5 1S the residual interaction between model space and core particles

(Q) is the projection-out operator, (H®) is the zeroth order Hamiltonian, and (E) is the energy
eigenvalue.

The energies of a single particle are calculated according to (11- 17):

With:
enij = (2n+l—%>h
1 1
_E(l'i'l)(f(r))nl f07‘1'=l—§
+ 1 1 4)
El (fOu fOTJ'=l+§
(f(r)>nl
2
~ —20A73 MeV (5)
hw
1 2
= 45473 — 25473 (6)

(f (r)),; is the averaged surface energy, (A) is the mass number, (w) is the angular frequency,
(n) represents the principal quantum number, (j) is total spin, and (1) is the orbital angular
momentum quantum number. The reduced elements of the single particle matrix in both isospin
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and spin are represented in terms of the single-particle elements of the matrix that have only
been reduced in spin (1-3,11,12),

(@ll|T]18)
_ 2T +1
- 2

With

D ()

D I () ) ™

1 for T=0

= 1 (8)
(—1)z7" for T=1

t, Is the isospin projection quantum number where [t, = %] for proton and [t, = —%] for

neutron.

Regarding the residual interaction, the matrix consists of two-body elements. (Sa,)r and
(Bay)r a,aq, ay, B are the states of the interacting single particles (presented in the equation
(3)). For the residual interaction of the two, the interaction (M3Y) is adopted (11, 20-27). Form
factors of scattering electrons, which include momentum transfer (q) and angular momentum
(J) between initial and final nuclear shell model states of spin ( J; f) and isospin (T; ¢) ] are (11,
21-23, 28-30):

n 2 41
5@ = 2D

T¢—T ~
| > 07T (1 T T =Ty, Me Ty, ) UATNTIT)
T=0,1

X |Eem (@2 |Frs(@)|” 9)

3. Results and Discussion

Inelastic scattering of electron form factor for *Ni with “éCa as inert core, the (fp) shell was
used as a model space in which fpd6 was employed to construct the model space factor,
considering the potential of a Harmonic oscillator for a single particle. All the theories were
investigated utilizing nuclear shell theory. Core polarization impact with modern effective
residual (M3Y-p2) interaction is utilized for coupling particle-hole pairs within the model
space. The wave function for the (fp) shell model space and the (OBDM) are computed using
the (OXBASH) code. The form factor of longitudinal inelastic electron scattering is valuable
for determining the charge multipole moment of an atom in its excited state. It also assists in
calculating the magnetic moment and probability for each multipole moment. From Figure 1,
which represents the (CO form factor), the contributions are noticeable, particularly at
momentum transfer (g<1.5 fm®Y), which is considered low, with the main contribution being
dominant over the model space. The values of the total form factor indicate that the core and
model space contributions interfere destructively, causing the diffraction minima to shift as the
momentum transfer increases. In another Figure, the behavior of the (C2) form factor is nearly
identical to the experimental data. However, for the second portion in Figure 2, the analysis of
the data shows that the main effect on the first lobe comes from the model space rather than
the core component. Notably, core orbits solely determine the overall form factor, while the
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contribution from the model space disappears. In Figure 3, (E2) Form factor is displayed. The
model space has a clear and ready contribution. The core part is the second space originating
at (q=0 fm®? to g=3.5 fmD), with one lobe making the nucleus widely spreader in momentum
space and behaving as a diffraction grating. The model needs more corrections to give the
calculation accurate results. Figure 4 demonstrates the (M3 form factor), where the dominating
model space is. The core component ranges between [q=0 fmY to q=3.5 fm®?], with one lobe
causing the nucleus to be widely dispersed in momentum space and function as a diffraction
grating. The model requires additional adjustments to produce precise calculations.
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Figure 2. The Total C2 form factors at Ex=1.847 MeV.
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Figure 4. The Total M3 form factors at Ex=3.059 MeV.

4. Conclusion

The technique of electron scattering form factors is still effective and valid to measure and
interpret the structure and properties of nuclear observables by utilizing the nuclear shell
theory, which involves interactions and transitions. Ni is a good example of a (fp) shell model
space nucleus to be tested to understand the N-N interaction, and the form factor results reflect

the efficiency of “®Ca as an inert core.
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