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 الخلاصة

اصبح اىعثىس عيً حىصَعاث اىشحْت ومثافت الاّخقاه ىيْىاة ٍَنْا عِ طشَق الاسخطاسة 

 الاىنخشوُّت . سخخَنِ اىْىي قصُشة اىعَش اىغُْت باىُْىحشوّاث قشَبا ٍِ اىىصىه اىً هزٓ الاداة .

|      |فٍ هزٓ اىذساست حٌ اىخحشٌ عِ عىاٍو اىخشنو ىلاسخطاسة الاىنخشوُّت اىَشّت
  

واىدشٍاُّىً  64Znواىضّل 58Niىيُْنو   +0ىيحاىت الاسضُت  )  CDD (وحىصَع مثافت اىشحْت 

70Ge ً72واىدشٍاُّىGeً74واىسُيُُْىSe 

 ,1f5/2فٍ اطاس َّىرج اىقششة فٍ ٍساحت اىَْىرج  CDDحٌ اخشاء حساباث عىاٍو اىخشنو و 

2p3/2, 2p1/2 and 1g9/2  خلاه اسخخذاً اىخفاعو اىفعاه ٍِjun45  

ىيحصىه عيً اىذواه  jun45َْخح عِ خعو اىهاٍيخىُّاُ قطشَا واىزٌ َسخفُذ ٍِ اىخفاعو اىفعاه 

 اىَىخُت ىفضاء الاَّىرج .

فٍ حساب عىاٍو اىخشنو  (*Sk35-Skzs)ث حٌ اسخخذاً حفاعو سنُشً اىفعاه ٍع ٍعيَا

باسخخذاً اىذاىت اىَىخُت ىفضاء الاَّىرج اىْاحدت عِ حذاخو خَُع اىذواه اىَىخُت اىْاحدت عِ 

خيظ اىخشنُلاث ىدَُع حالاث فضاء الاَّىرج اىَعخَذة دوُ اٌ قُىد ٍفشوضت عيً فضاء 

 الاَّىرج 

|      |حَج ٍقاسّت ّخائح 
باىبُاّاث اىخدشَبُت اىَخاحت وحبُِ اُ حساباث فضاء  CDDو 

ىدَُع دساست اىْىي حٌ اخشاء  CDDالاَّىرج بذوُ اٌ حقُُذ قادسة عيً وصف عىاٍو اىخشنو و 

 فىك بالاقخشاُ ٍع حفاعو سنُشً اىفعاه .–هزٓ اىحساباث ضَِ ّهح هاسحشٌ 
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Abstract 

Finding the charge distributions and transition densities of nuclus is made 

possible via electron scattering. Short-lived neutron-rich nuclei will soon have 

access to this tool. In the present study, the elastic electron scattering C0 form 

factor |      |  and the charge density distribution (CDD) have been 

investigated for the 0
+ ground state of Nickel 

58
Ni, Zinc 

64
Zn, Germanium 

70
Ge, 

Germanium 
72

Ge, and Selenium 
74

Se nuclei.  

The calculations of the form factors and CDD is performed in the 

framework of the shell model in the model space 1f5/2, 2p3/2, 2p1/2 and 1g9/2  by 

utilizing jun45 effective interaction.   

The diagonalization of the Hamiltonian, which makes advantage of the 

jun45 effective interaction, yields the wave functions for the model-space. 

The Skyrme effective interaction with (Sk35-Skzs*) parametrization is 

used in the calculation of the form factors using the model space wave function 

generated from the overlapping of all the wavefunctions resulted from 

configuration mixing of all the states of the adopted model space without any 

restrictions imposed on the model space.  

The results of |      |   and CDD were compared with the available 

experimental data and it show that the model space calculations without any 

truncation are capable to describe the form factors and CDD for all the studied 

nuclei.  

These calculations were carried  out within the Hartree Fock approach in 

combination with Skyrime effective interaction 
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Chapter One 

 General Introduction 

1.1 Introduction  

Many theoretical and experimental works have lately centered on 

the structure of neutron-rich nuclei. The anticipation that significant 

changes can be made to the inherent shell structure of nuclei with a 

significant neutron excess is at the heart of the ongoing inquiry[1]. Recent 

experimental and theoretical research has focused on the far from the 

stability valley are neutron-rich fp-shell nuclei [2,3,4]. 

 Shell structure of nuclei with a significant excess of neutrons [5] . 

In order to provide a meaningful description of such nuclei, it is essential 

to recognize the activities that causes changing in nuclear shell form as 

the amount of neutrons in nuclear system increases. Traditional magic 

numbers (the numbers 2, 8, 20, 28, 50, 82, and 126)  , which have been 

shown to exist in stable nuclei, have been questioned by theoretical 

simulations [6] .  

Over the last fifty years, various nuclear models have been 

adopted. One such nuclear model, the nuclear shell model, has been very 

successful in describing nuclear structure and which continues to provide 

the main theoretical tool for understanding the properties of nuclei. It can 

be used in the simplest single particle form to provide a qualitative 

understanding. However it is also used as a basis for more complex and 

complete computations[7], these explains a great deal of the properties of 

nuclear energy levels. The mobility of each nucleon, according to the 

nuclear shell model, is dictated by the sum the others" nucleons' average " 

attractive forces.  

The resultant orbitals shape "shells" that resemble the orbitals of 

atom's electron. As nucleons are added to the nucleus, they drop into the 

lowest-energy shells permitted by the Pauli Principle (according to the 
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Pauli exclusion principle, no more than one nucleon can occupy a 

quantum state). It calls for a distinct set of quantum numbers to 

characterize the motion of each nucleon. An incredibly stable nucleus 

occurs after a shell was fully formed (that's also, whenever the 

nucleons have exhausted all possible principal quantum assessment 

collections). This is comparable to the idea that an atom's entire set of 

electron quantum numbers provides it amazing stability, making it an 

inert gas[8]. 

 The number of neutrons or protons in a nucleus when all of them 

are in filled shells is referred to as the "magic number." are mystical. J, 

the total angular momentum, is 0 for full shells. The following additional 

nucleon identifies J as the beginning condition of the new ground state (a 

valence nucleon). 

 The parity and isospin projection quantum numbers, as well as 

the angular momentum, are modified after nucleons (individually or in 

pairs) are awakened out of the situation of being on the ground state. The 

shell model explains how the quantum numbers differ and what energy is 

required to move a nucleon through one orbital to another. excited 

nuclear states decay into more stable nuclear states, or more stable 

nucleon orbitals[9] . 

When the nucleons have assigned every conceivable quantum 

number, a stunning stable nucleus arises. Complex alpha, beta, and 

gamma detectors and related electrical circuitry are needed for detecting 

the rates at which nuclear energy levels shift in order to determine the 

energy and half-life of the decay. Nuclear physicists may use the 

transition probability (or decay rate) between nuclear states which is 

calculated using quantum mechanics and the shell model theory. The 

molecular orbital estimations conclude surprisingly very well evaluated 

spin and parity tasks, and also transformation probabilities, for nuclei 
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whose formation could be explained by several valence nucleons beyond 

the full shell [5].  

It is the "shell model" that cornerstone for nucleon-based 

simulations of nuclear structures. This paradigm, which initially arose in 

nuclear physics almost half a century ago, is still in use today [5,6], the 

shell model plays a prominent role, due to the fact that it is a basic 

structure that relies on fewer assumptions, and because of this, it has 

proven to be very effective in roughly describing the low excitation 

energy of light nuclei, each nucleus within a spherical potential with an 

important rotational component, the nucleus begins to move 

independently of these [10] .  

Calculations for the nuclear shell model, which are performed 

without the application of scaling factors, the observed static moments or 

transition strengths cannot be reproduced in Model Space (MS), where 

the nucleons are constrained to a small number of orbits. To match the 

experimental results, the matrix must be scaled to account for faults in the 

shell model wave functions that arise when the one-body operators are 

multiplied by effective charges. Effective charges, on the other hand, may 

bring computed transition strengths although non-zero momentum 

transfer ( ) values may diverge greatly from observed values; they are 

calculated at the photon point, in addition to form factors at the first 

maximum whose values are closest to observed ones[11] . 

In the lack of an explicit solution to the n-body issue, most 

scientists believe that the interacting shell model is the most basic way to 

understand the nucleus. with the residual interaction between the valance 

nucleons playing a crucial role[12] . 

Electron scattering has been shown to be effective. One of the 

greatest methods to discover the characteristics of the energy levels of 

atomic nuclei [13]. where electron scattering from the nuclei provide the 



 
 
 

4 
 

Chapter One: General Introduction  
 

most accurate data on nuclear size and charge distribution, as well as 

crucial information on electrodynemically currents within nuclei. Since 

electron scattering is sensitive to charge and the spatial dependence of 

current density, it can be an excellent test for such calculations [14,15]. 

For a variety of reasons, electron scattering is a successful method 

for the purpose of examining nuclear structure. Because the electrons 

interact electromagnetically with the charge and current density of the 

nucleus; The interaction is small and well known. Measurements can be 

made without causing significant damage to the structure of the target 

nuclei [16]. 

On the other hand, nucleons do not have a recognized structure or 

interaction, which makes it impossible to distinguish between them, using 

electron scattering to compare experiment results, without significantly 

disturbing the structure of the target nucleus[17]. 

The nuclear structure can be inferred from the high-energy 

electron scattering from the nucleus by using the de Broglie wavelength 

magnitude associated with the electron. The de Broglie wavelength lies 

within the spatial extension of the target nucleus when the energy of the 

incoming electron is more than 100 MeV. As a result, at this energy, the 

electron is the most effective probe for evaluating the elements of the 

nuclear structure allowing direct access to the target nucleus structure 

without significantly altering it, from local charges and current density 

operators[18].   

There are three types of scattering experiments. First, the particle 

in which the falling particle interacts with the nucleus only by 

electromagnetic interaction, such as rapid electron scattering, and does 

not feel the nuclear forces. It can give us information about freight and 

density.  
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Second, we may learn about particle density from the scattering of 

electrically neutral particles, such neutrons, which only interact with the 

nuclear field. Lastly, electrically charged particle dispersion Strong 

nuclear interactions are also experienced by charged particles like protons 

and alpha particles [19] . 

The other benefit of electron scattering  is that they may adjust the 

three-momentum transfer and energy transfer independently for a given 

energy loss to the target [20]. The scattering of nucleons from nuclei, on 

the other hand, is poorly understood, It is challenging to discern between 

their effects in data analysis when neither the reaction nor the formation 

of the aim are recognized. There are two types of electron scattering: in 

the first, referred to as "elastic electron scattering," the nucleus is left in 

its ground state. The nucleus is left in its many excited states in the 

second kind, which is known as "Inelastic Electron Scattering" [21] . 

We can discover more about the distributions of charge and 

magnetization in static nuclear characteristics via elastic electron 

scattering. It is possible to detect multipolarities and parties of transitions 

using inelastic electron scattering, and nuclear dynamics may be studied 

using transition densities [22] .     

         The first Born approximation may be used to describe electron 

scattering is a momentum-carrying exchange of virtual photons between 

the electron and the nucleus. The initial Born approximation holds true 

only if  Zα>>1, where Z represents the atomic number and α represents 

the fine structural constant. There are two forms of electron scattering 

from the nucleus identified by this approach [23]. 

       The first investigation of the electron scattering was due to Mott 

made the initial investigation of electron scattering in 1929 by calculating 

the cross section of such scattering from a charge point nucleus called a 

Ze [24]. By a factor dependent on the charge, current, and magnetic 
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distributions of the target nucleus, known as the nuclear form factor, the 

Mott cross-section can be multiplied to calculate the nuclear size. The 

incident and scattering electron energies as well as the scattering angle 

can be used to experimentally calculate the form factor as a function of 

nucleus momentum transfer ( q

)[25] . 

form index was classified into two types: 

1. "The longitudinal form factor carries the angular momentum 

of the virtual photon". The virtual photon's transverse form factor has an 

angular momentum of 1. 

2. The transverse form there are two parts to the transverse 

form factor: magnetic (M) and electric (E) . 

Nuclear size and density distribution are the fundamental parameters that 

characterize nuclear characteristics [23,24]. 

Experimentally determining transition densities, the charge 

density distribution (CDD), and form factors—all significant 

characteristics of a nucleus—are all made possible by the nucleus's ability 

to scatter high-energy electrons. The data acquired in these investigations 

is more exact the more momentum conveyed to the nucleus [24] . 

Even though start charging density are inextricably linked to the 

wave equation of proton, that were critical key factors for several nuclear 

physics calculations, those who would provide a great deal of data  about 

the internal structures of nuclei. Among the most effective methods for 

the analysis nuclear charge density is electron nucleus scattering. This 

technique has been used to examine the charging density dispersion of 

steady nuclei [22,26]. 

In the model space, perturbation theory-derived effective 

operators may be used to account for core-polarization (CP) effects. 

Around fifty years ago, inconsistencies between the basic shell model's 

predictions and actual values for nuclear magnetic moment, quadruple 
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moments, gamma-transition rates, and other parameters were reported in 

the scientific literature for the first time [26] . 

There were many efforts to establish a plausible model for 

calculating the CP effects. Tasmanian Model [27],valence model  [28] in 

addition to the Bohr-Mottelson model [29] are a few of these tries. 

Several groups have employed first and second order perturbation theory 

to account for the CP effects. 

 

1.2 Literature Survey 

Structure of the nucleus has piqued curiosity during the last 

century, and the following are some of the topics that are relevant to the 

current work: 

In 2000, S. Ghugre and S. Chintalapudi,[30] Coincidence model 

calculations were performed in the lower fp shell region (for nuclei 

44,45
Ca and 

47
Sc), using different model tracts, to explore the effect of 

mixing composition from p3/2, p1/2 and f5/2 orbitals on the dominant (f7/2) n 

states. and the contribution arising from excitation N = Z = 16 core. 

Calculations indicated that excitation of nucleons via N = Z = 16 magic 

shell closure contributes significantly to the wave functions of the 

observed plane structures of 
44,45

Ca nuclei. 

In 2001, R. Radhi, et al. [31], studied the inclusion of the effects of core 

polarization while analyzing the Coulomb form factors of the p-nuclei for 

C2 transitions. For central polarization calculations, it supports up to six 

high-energy excitations. They found that the initial polarization affects 

the strength of the transmission and the dependence of the momentum 

transfer on the form factors, and that this function is in agreement with 

the observed data without movable parameters. 
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In 2002, R. Radhi [32], used microscopic theory to incorporate the effect 

of high formations outside the s.d. "shell model space", known as the first 

high fundamental polarizing effect, which allows the activation of 

particles and holes from 1s and 1p shells. 1d and 1f-2p primary orbits 

with two sparks. A baseline polarization effect was needed to characterize 

the information without changing parameters. 

In 2003, R. Radhi [33], explored Coulomb form factors for single-

particle quaternary transformations. Basic orbital excitations up to higher 

orbitals have been combined with two excitations in a microscopic theory 

involving basic polarization effects. superficial changes. As a residual 

reaction, delta was used. The transitions (1p11/2 1p13/2) were processed in 

15
N, (1d5/2 2s1/2) in 

17
O, and (1d13/2 2s11/2) in 

39
K. Inclusion of basic 

polarization effects influence the form factors and adequately represent 

the results of the experiment information in terms of total power and 

motion transmission dependency. 

In 2004, N. Smirnova, et al. [34], examined differences in the nuclear 

field, in neutron-rich nuclei, from the nuclear shell model. The change 

has been identified as originating mainly from the unipolar part of 

Effective interaction between a proton and a neutron binary. Applications 

for low countries in the stranger Copper cores were studied. The results 

were compared used both schematic and realistic powers and comparing 

unipolar transitions with results obtained from large-scale chance model 

calculations. 

 In 2005, B. Danilin, et al. [35], studied of charge form factors for 

several unstable neutron-rich isotopes of light, Medium and heavy nuclei 

(He, Li, Ni, Kr, Sn) were shown and compared with those of the stable 

isotopes. in the same isotopic series. For lighter isotopes proton and 

neutron densities obtained by a microscopic large-scale shell model 

https://www.sciencedirect.com/science/article/abs/pii/0375947488905398#!
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Shape factors are proposed as predictions for future experiments on 

electronic radioactivity 

In 2006, Ying F. and Z. Ren. [36], used the relative mean field model 

with the parameters TM2 and NL-SH to calculate the 
26 - 32

S and 
22 - 28

Si 

binding energies and the root-square radius. The calculated results match 

the experiments. An ingenious approximation of form factors and an 

experiment with differential electronic dispersion cross-sections. 

In 2007, R. Radhi [37], examined the form factors of inelastic electron 

scattering away from the closed sd shell. According to the multi-particle 

configuration mixing shell model, the lower states of 
29

Si were 

characterized as the 
16

O core as well as thirteen cores scattered 

throughout the entire sd shell orbitals. 

In 2008, Roca-Maza et al. [38], compared elastic electron scattering by 

nuclei to measurements in stable isotopes using varying effective Skyrme 

force charge density and Lagrangians to identify nuclear ground states. A 

modified version of ELSEPA was used in Dirac's part-wave calculations. 

It was studied how the neutron-rich isotopes of the chains of calcium and 

tin isotopes differ from the neutron-deficient isotopes. 

In 2009, Moreno, et al. [39], used a self-consistent axial approximate 

mean with density-dependent Skyrme interactions to generate ground 

state wave functions for the investigation. Various isovector Coulomb 

form factors have been used in previous calculations of the chance model 

to determine the inconsistent valence asymmetry. 

In 2010, Goriely, et al.[40], three new Hartree-Fock-Bogoliubov (HFB) 

group models, named HFB-19, HFB20 and HFB-21, were built with 

unconventional Skyrme powers containing t4 and t5 terms, that is, density-

dependent generalizations of the usual t1 and t2 terms. , Straight . Latent 

new forces 
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These models were successively fitted to three different realistic 

equations for the state of neutron matter 

whose symmetry energy density dependence ranges from very weak to 

Too harsh, thus reflecting our current lack of complete knowledge of high 

intensity behavior of nuclear material. All non-physical instabilities of 

nuclear matter, including the transition to polarization state in neutron 

star matter, eliminated by the new forces. At the same time 

The new models fit essentially all available mass data with rms deviations 

of 0.58 MeV and It gives the same high quality that fits the measured 

charge radii of the previous models Skyrme's traditional forces. 

In 2011, A. Hamoudi, [41], considered the distortion in nuclear 

collective modes to be equivalent to the conversion charge density. Using 

this conversion charge density, the inelastic shape variants ―C2 and C4‖ 

were longitudinally determined 
20

 Ni, 
24

 Mg, 
28

 Si and 
32

 Se. In this study, 

the basic polarization transfer density was estimated using the Tassian 

model and the two-state (2BCDD's) body charge density distributions. 

In 2012,A. Hamoudi, et al. [42], used a coherent density oscillation 

model to calculate the nucleon motion distribution in ground states 

(NMD) and electron-elastic scattering forms ―1p-shell nuclei‖ variants 

with ―Z=N‖, such as ―
6
Li, 

10
B, 

12
C, and 

14
N nuclei (CDFM)‖. Nucleon 

density dispersion (NDD), which was calculated using both theory and 

experiment, served as the basis for the weight function. 

In 2013, R. Radhi, A. Hamoudi [43], examined the parameters of the 

inelastic electron scattering shape to 2
+
 and 4

+
 states at 

46,48,50
Ti under the 

chance model. Both extended MS 6 and MS ―(0f7/2,1p3/2.0f5/2,1p1/2)‖ were 

used for the calculation. The experimental results were compared with 

longitudinal form factor estimates that fully explain the effects of CP. 

In 2014, L. Exotic. [44], used the NuShellX@MSU code. Linked to 

ENSDF data files for automated energy level comparisons. Spectral 
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factors, dichotomous transport amplitudes, nuclear moments, gamma 

decay, and beta decay can be predicted using operator interferences. 

In 2015, Al-Sammarraie  et al.[45], assumed electron scattering 

parameters for a 
25

Mg core using USDA-derived single-body density 

matrix components. For all cases in the first series, the longitudinal form 

factor calculations generated high agreement, while the predictions of the 

chance model yielded divergent results for the exciting cases in the 

second sequence. 

In 2016, F. Majeed, [46], examined the shape factors for the transverse 

inelastic dipole electron scattering in 
48

Ca using a nuclear envelope model 

at Ex = 10.23 MeV, an ―ambiguity state‖ with possible variables 

including effective interaction, finite occupancy, and core polarization 

interaction. 
40

Ca will be used as an inert nucleus, and four orbitals with 

eight particles have been deployed in the space of the 2p1f model and 

finite to ensure that this form of the transition is safe. 

In 2017, Abdullah [47], used parameter MSK7, to study the Skyrme-

Hartree-Fock (SHF) method 
6
He, 

11
Li, 

12
Be and 

14
Be using skyrme. 

Protons and neutrons, material density distribution, rms radii, nucleon 

binding energy, and charge shape variables are all terrestrial properties. 

These measurements revealed the long tail of the corona nucleus. 

In 2018, Radhi, et al. [48], used the Skyrme-Hartree-Fock (SHF) method 

with MSK7 Skyrme parameter to investigate ground-state properties of 

the two-neutron halo nuclei 
6
He, 

11
Li, 

12
Be, and 

14
Be. These are ground 

state properties it includes the proton, neutron, and matter density 

distributions, the corresponding rms radii, and the binding energy for 

each nucleon and charge form factors.  

In 2019, Salman, et al. [49], extracted the inelastic longitudinal 

electronic scattering agents to the 2
+
 state at 

64,66,68
Zn in the space of the 

―F5P shell model‖ with the active interaction of F5PVH. Calculation of 
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the Wave Objectives of the Fundamentals of a Radial Single Particle 

Array with a Harmonic Oscillator Potential. Results were obtained using 

CP and NUSHELL. 

In 2020, Al-Rahmani1 [50], examined the mortar's variable width with 

segmented occupation numbers for the cases 2s, 2p (pound shells) and 1 

g, 1 h (capture shells). 

In 2021, C. Chena, [51], used the Quar, Dequark continuous method of 

relativistic quantum field theory in order to unify the axial and induced 

nic pseudo-form factors, GA and GP, with the G5 pseudo-form factor or, 

alternatively, the GNN-leading nucleon form factor. 

In 2022,M. Kortelainen et al. [52], used the quantum motion of protons 

and neutrons to change the local directions of the radii of nuclear charge. 

As a function of N= 28, a global pattern can be seen in the reported 

differential charge radius RC2> between the neutron numbers N = 28 and 

N = 40. 

1.3 Aims of the Work   

The present study aimed to investigate the inelastic electron 

scattering charge form factors and charge density distribution (CDD) for 

some selected nuclei 
58

Ni, 
64

Zn, 
70

Ge, 
72

Ge and 
76

Se, lying in the (1f5/2, 

2p3/2, 2p1/2 and 1g9/2)  model space by utilizing the jun45 effective 

interaction. The calculations will be performed by means of model space 

only by employing Tassie, Bohr-Mottelson models using the Skyrme 

effective interaction.  
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Chapter Two  

Theoretical Background 

2.1 Introduction Shell Model Formalism  

Any quantum mechanical problem will often entail some form of 

Schrodinger equation solution. Determining a suitable Hamiltonian is one 

of the most crucial processes. In a many-body issue such as the one 

encountered in nuclear physics, there are several solutions. Beginning 

with the assumption of independent particle motion allows the 

Hamiltonian to be expressed as the sum of the individual components of 

each particle in the nucleus [53] . 
 

        ∑              
    ------------------------ (2.1) 

 

where      is the unperturbed Hamiltonian,    is the kinetic 

energy, and        is the potential energy. The eigenfunctions to the 

above equation are given by the Slater determinant, which for a two-

particle system is written as Because the Pauli exclusion principle 

requires that wave functions for identical particles be antisymmetric, the 

eigenfunctions to the above equation are given by the Slater determinant, 

which for a two-particle system is written as [54]. 

 

        
 

 √  
|
            

            
|  

 

√  
                            -----(2.2) 

 

where     are the single-particle wavefunctions, given by the 

product of radial and angular components. This results in an equation 

comprising Clebsch-Gordon coefficients, spherical harmonics, and the 

radial component that is rather complicated. However, the only undefined 

portion of this equation is the radial portion Rnℓ(r). The shape of the 
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potential      of the eq determines the features of this function equation 

(2.1).  

It turns out that deciding on this possibility is not an easy task. 

Within the confines of the nuclear radius, it must mimic the known 

characteristics of the nuclear force, which is short-ranged, strong, and 

relatively steady (i.e. a flat bottom). Harmonic Oscillator (HO) is the 

most commonly employed potential in this instance, despite the fact that 

was neither brief and not only consistent inside the nucleus' radial 

distance (however a modifying "HO" possibilities was generally used, 

that "flattens" the bottom of the possibilities).The use of a "HO" 

possibilities is still advantageous as for the eigen functions"     " are 

well easily integrated. However, Woods-Saxon (WS) describes a more 

realistic potential that vanishes at high , seems to have a flat bottom but 

cannot be integrated [55] 

                  
 

 
      (Harmonic Oscillator) ---------- (2.3) 

where m is the mass of the nucleon,   is the oscillator's angular 

frequency, where the radius parameter is r [55] 

                   
  

     ( 
    

 
 )  

 (Woods - Saxon)------------- (2.4) 

where U0 denotes possible depth, a denotes diffuseness, and 

"R0=r0A
1/3

". The shell gaps found in nuclear data are not replicated by 

plugging any of these equations into the Schrodinger equation. The 

inclusion of a significant spin-orbit component is required to fully 

account for these "magic numbers" Spin-orbit coupling is a difficult 

subject to grasp. The intrinsic nucleon spin generates an apparent motion 

of the nucleus around the nucleon from the viewpoint of only one nucleon 

going around the nucleus.  

The magnetic moment of the nucleon interacts with the magnetic 

field produced by the apparent motion. Multiplying the dot products of 
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two magnetic moments yields the interaction energy. Because a nucleon's 

magnetic moment is proportional to its spin, and the magnetic field 

generated by the nucleus' The magnetic field created by the nucleus' 

apparent motion is proportional to the orbital angular momentum, since 

apparent motion is connected to orbital angular momentum. The 

interaction energy between spin and orbit must be proportional to the dot 

product  ⃗     [56] 

 

                        ⃗         ----------------------------   (2.5) 

 

Where the function      is connected to the central potential and 

contains the reliance on the radial coordinate r. The expected value is 

based on experimental findings.〈     〉n,ℓ was expected to be of the 

instruction" −20A
−2/3

 MeV"[57]. The oscillator frequency determines the 

shell gap in the HO image"  ω0  41A
−1/3

 MeV".  

With the increase in mass and angular momentum, the spin-orbit 

force becomes more prominent, and this is evident in equation (2.5) 

where the spin-orbit force in mass and angular momentum becomes 

higher, and in particular the HO shell gaps continue until nucleon number 

20. It should be emphasized that a microscopic understanding of the 

quantitative features of the spin-orbit force are as yet not well understood, 

although its presence as a strong force is clearly required in order to 

reproduce the observed magic numbers. 

 The Slater determinant of formula was used to determine the 

standardized, anti symmetrized wave functions of a 2 particles consisting 

of exactly equal fermions equation (2.2). Since the nucleus contains both 

neutrons and protons that interact with one another. These wave functions 

cannot be used in their present form. Instead, it is useful to introduce a 
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new quantum number, the isospin τ (referred to later as T) [58] which 

facilitates the distinction between protons and neutrons. This formalism 

can only be employed here since protons and neutrons are so similar. 

Except for the Coulomb contact between protons, the nn, pp, and pn 

interactions are identical. 

 Neutrons and protons are considered various versions In the 

isospin hypothesis, the identical particle is assumed to have the same 

spin. protons having     
 

  
 and neutrons     

 

  
 . The choice of 

    
 

  
 is unpredictably Because most nuclei had more neutrons than 

protons, the selected values were set to ensure that the majority of nuclei 

have positive isospin. Until far, our discussion has mostly focused on the 

two-particle system. It's simple to understand how the wave function's 

complexity skyrockets as the number of particles in a system grows.  

As previously noted, determining the Slater determinant of 

equations is a difficult task equation (2.2) three-particle, four-particle, and 

other systems can be used to show this. As a result of this increasing 

complexity, For anything other than the lightest nuclei, the feasibility of 

conducting shell model calculations is jeopardized. Typically, any 

medium or heavy nucleus is comparable to fix this difficulty, go to the 

nearest double-walled container. The core is regarded as an inert system, 

whereas the valence nucleons are considered separately[59].           

 

           
                    ----------------------(2.6) 

 

Returning to the Hamiltonian equation (2.1), the independent 

Hamiltonian particle problem can now be solved by choosing U(r). Since 

circular particles interact with each other, in this case, the concept of 

independent particle motion seems implausible. Therefore, the two-
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particle interactions that make up the independent Hamiltonian particle 

can be expressed as: [60] 

 

      ∑    ∑ ∑                
      

 
   

 
   -------------(2.7) 

Where H is the hamiltonian of the many particles system,    is the kinetic 

energy of the and       ⃗⃗      ⃗⃗    is the two-body interaction between the 

kth and  th nucleons . 

The two-body interaction between the ℓ
th

 and k
th

 nucleons is denoted by 

              .The Hamiltonian becomes, given an average potential       

 

   ∑ [        ]  ∑ ∑      ⃗⃗      ⃗⃗     ∑      
 
     

      
 
   

 
   (2.8) 

 where       is the average potential . 

The first term is the same as the Hamiltonian for independent particles 

provided by equation (2.1), but the second and third terms account for the 

residual interaction, which is the divergence from independent particle 

motion. Equation (2.8) may be recast by separating the summations into 

core and valence contributions[61].  

 

                                ------------- ( 2.9 ) 

 

      comprises all nucleon interactions that make up the core, H1 

and H2 seem to be donations from particle 1 and 2, as well as               

is the residue left reaction that identifies most reactions among particles 1 

and 2 and any interconnections of core nucleons. Whenever this 

Hamiltonian version has been implemented to the Schrodinger formula, a 

similar formula for energy is obtained[62].  

 

              ⟨    |            |    ⟩  --------------(2.10) 
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      represents the binding energy of the core nucleus in the 

preceding equation, the single-particle energies of orbitals outside the 

core are E1 and E2. and ⟨    |            |    ⟩ is the residual interaction. 

It's worth noting that equation (2.10) only gives you the energy for pure 

arrangements. In theory, any condition with the similar overall             

spin state and angular momentum J would then combine. Comparing 

calculated of wave equation combines series[63] 

  

         ∑    (    )
 
 

 
   ---------------------(2.11) 

 

in which g seems to be the amount of structures which combine 

and label has been the configuration's identifier 

  =1,2,...,   

 

So,     coefficient satisfy the criterion,  

∑ |   |
 

   
 
     -------------------------------------- (2.12) 

 

When equation (2.11) is substituted into the Schrodinger formula, 

the result is : 

 

    (    )    (    )       -----------------------------(2.13) 

 

resulting in a system of linear equations [63] 

 

 (

            

            

    
            

) (

    
    

 
    

)    (

    
    

 
    

)-------------- (2.14) 

  



 
 

19 
 

Chapter Two :Theoretical Background 

Where      are given by the summations of all single-particle and 

residual interaction terms for particles   and k. A classic eigenvalue 

problem is represented by equation (2.14), which is solved by setting the 

determinant to zero 

 || 

          

 

   

 
   

 

      

 
   

  

      

 

 
 
 

    

  
       

 ||     

  

The perturbed energies of each state in the mixing are represented 

by g solutions. Each state has a unique set of coefficients     that must 

be found in order to acquire the wave functions     , hence equation 

(2.14) must be solved for each of the g solutions to    in order to obtain 

the coefficients     and consequently the perturbed wave functions      

[64] . 

2.2 Tassie Model (TM)  

The gamma-transition and electron excitation of nuclei have both 

been described using this paradigm. It's a multiple examination of 

inelastic scattering. The classic liquid drop model, which assumes a 

uniform charge distribution, is the basis for this concept. TM is an 

attempt to develop a more flexible model that can be tweaked to 

accommodate non-uniform charge and mass density distributions. The 

ground state density of the nucleus determines the CP transition density, 

according to this theory. According to the collective modes of nuclei [65] 

the Tassie shape, as given in equation (2.15), yields the CP transition 

density. For this model, the Coulomb form factor is: 
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     √

  

     

 

 
{∫            

            
 

 

  ∫               
          

  

 

 

}                      

Where   
     is the longitudinal form factor,        is the 

spherical Bessel function,    
          is the model space charge density, 

          represent the ground state chare density,                ⁄  is 

the center of mass correction due to the lack of transitional invariance in 

the shell model and                  ⁄       . 

The radial integral is the sum of two radial integrals. 

 

∫               
          

  
 

 

 

 

 

can be written as: 

∫
 

  
 [                     ]   

 

 

  ∫                             
 

 

 

   ∫         

  
                 

 

 
    (2.16) 

The second and third terms may be combined to generate the term 

when the first term has no effect [66] 

 

  ∫                  *
 

     
 

   

  
+           

 

 
 (2.17)   

           

Based on the spherical Bessel function's recursion 
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            *
 

     
 

   

  
+                    (2.18)   

 

 ∫                
          

  

 

 
   ∫                        

 

 
 (2.19)       

Hence, the form factor takes the form [67] 

 

  
     √

  

     

 

 
{∫              

     
 

 

   ∫                   
 

 

}                            

where N  is proportionality constant related is given by the matrix 

elements of gamma transitions . 

 The proportionality constant may be calculated using the form factor at 

q=k            

 

  N 
∫                 

         
 

 
    

 √
     

  

   ∫                           
 

 

  -----------(2.21) 

Equation (2.21) relates the factor of forms at the photon point  

q=k to the transformation strength B(CJ), which may be written as [68]. 

 









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zJt
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o

J

i

J rfi




------ (2.22)   

 

with ( 12 J )!!=( 12 J ) ( 12 J )!! 

 The proportionality constant is produced by adjusting the reduced 

transition probability B(CJ) with the experimental value of B using 

equation (2.22).  
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2.3 Bohr-Mottelson Collective Hamiltonian 

To cogently describe quadrupole vibrations and rotations," The 

five-dimensional (5D) quadrupole collective Hamiltonian was created by 

Bohr and Mottelson". It is formatted as follows[68]:  

 

                                           ----------------------------(2.23) 

      
 

 
         ̇           ̇ ̇  

 

 
         ̇ ------------(2.24) 

           
 

 
∑          

 ̇ 
                     -----------------(2.25) 

 

Here,    are the components of the rotational angle on the three 

intrinsic axes. The quadruple deformation       and the rotational angles 

   are treated as dynamical variables, and       and  ̇  represent their 

time-derivatives. The  ̇  are called angular velocities. The quantities 

(               ) appearing in the kinetic energies of vibrational 

motion,     , represent inertial masses of the vibrational motion. They are 

functions of  and  . 

The large amounts    (β,γ)in the rotational energies      represent 

the mass moment of inertia with respect to the inherent (body-fixed) axis. 

The inherent axes can be determined using the primary axes of the body 

fixed frames which was coupled to the immediate form of the time 

dependent average field.   (β,γ)  seems to be a term that represents 

possibility energy as a result of β and γ [69] . 

When addressing the liquid drop model, the "Bohr-Mottelson 

collective Hamiltonian " equation (2.23) was frequently mentioned. The 

relationship between the classical liquid drop and lower frequencies 

quadrupole collecting motion, on the other hand, is inconsequential. The 

nucleus was described as  a quantum fluid that has been idealized in a 

way that isn't seen  and a really intriguing new kind of material as early as 
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the 1950s [69]  Since the majority of nuclei are superfluids with a radius 

of a few femtometers nuclear deformation differs fundamentally from 

surface form oscillations in a traditional liquids drop in that it can be 

connected to quantum structures as well as sudden trying to break of 

spherical symmetry in the self-consistent average field.  

The form of the collective Hamiltonian (2.23) is quite general and 

applicable to various finite many-body systems, but the specific 

dynamical properties of the system of interest are revealed by the values 

and the      -dependence of the collective inertia masses 

(                  ) as well as the potential energy       . For 

understanding the dynamical properties of the nucleus, therefore, it is 

imperative to derive these quantities in a microscopic way and compare 

with what experimental data indicate. 

As demonstrated in this work, the collective Hamiltonian (2.23) 

The nucleus' low frequency quadrupole collective dynamics are 

astonishingly accurately represented by the collecting inertial masses and 

possible energy calculated  by microscopic examination from the 

movable supercritical fluid mean field photo.  Quantifying the 

collecting variables that keep driving the self consistent mean field's time 

evolution as well very well explains quantum correlation outside the 

mean field. The traditional Hamiltonian (2.23) has been defined in 

relation to the five collinear coordinate values (β ,γ) and the three Euler 

angles which are connected φk   (via a linear transform) and there own 

duration derivative.The so-called Pauli prescription[70] 

 Quantization in curvilinear coordinates is possible.The Bohr-

Mottelson collective Hamiltonian's microscopic derivation. This is" the 

quantized 5D quadrupole collective Hamiltonian"[55,57,70]: 
 

      ̂      ̂     ̂          -----------------------(2.26) 
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 ̂     
 

 √  
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*

 

  
(  √

 

 
   

 

  
)  

 

  
(  √
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.√

 

 
           

 

  
/  

 

  
.√

 

 
           

 

  
/} -------(2.27) 

  

and the rotational energies word  ̂    was provided by [71] 

  ̂    ∑
 ̂ 
 

         
 
       -----------------------------(2.28) 

with  ̂ 
  denoting three components of the angular-momentum operator 

with respect to the intrinsic axes. In this paper, we use the unit with   

 . In the above equations [71] 

 

                              
      -------------------- (2.29) 

                               -------------------------- (2.30) 

 

and                         seem to be the rotary inertial 

function relating to inertial moments by[71] 

 

                             ⁄  ---------------- (2.31) 

 

Unless totally inertially mass (                      ) were 

replacing by a recurring constants: 

  and     was ignoring, the over head  ̂    was decreased to [71]: 

 

   ̂     
 

  
(

 

  

 

  
   

  
 

 

         

 

  
       

 

  
)---------------(2.32) 

Only small-amplitude Hartree-Fock Bogoliubov (HFB) 

equilibrium vibrations may be suitable for such an extreme 
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approximation. This fundamental estimate for inertia masses has been 

highlighted as insufficient. 

The collective Schrödinger equation is [72] 

( ̂     ̂          )                            -------- (2.33) 

The collective wave function in the laboratory frame,            , is a 

function of   ,   and Ω set of three Euler angles  . It is specified by the 

total angular momentum  , its projection onto the z-axis in the laboratory 

frame  , and   that distinguishes the eigenstates possessing the same 

values of   and  . With the rotational wave function    
 , they are 

written as             ∑                 ⟨ |   ⟩ ---------       

⟨ |   ⟩  √
    

            
 [   

                
    ]  ------       

In the body-fixed frame, the vibrational wave operates,         , are 

normalized as [73]  

∫       √       |        |        ------------(2.36) 

where  

|        |  ∑ |         | 
      ---------------(2.37) 

 

as well as the volume factor is calculated by √             with : 

                                      --------- (2.38) 

 

In the references, the symmetry of collecting wave function and 

boundaries condition for trying to solve the collecting Schrodinger 

formula have been extensively studied. We obtain the eigenvalue formula 

for vibrational wave function by plugging (2.34) into the collecting 

Schrodinger formula (2.33) [74-76] 
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[ ̂          ]           ∑ ⟨   | ̂   |    ⟩                  

                                       ---------------(2.39) 

 

When this formula is solved, it produces quantum spectroscopy 

and collecting wave features. It is so simple to determine the likelihood of 

electromagnetic transitions between aggregate excited states. 

 

2.4 Skyrme's successful interaction 

For HF nuclei calculations, Skyrme offered a beneficial interface. 

It is the most appropriate force for fitting experimental nuclei data such as 

binding energies and charged radii when establishing the ground 

conditions characteristics of nuclei with around 10 variable 

parameters[77]. 

 When a momentum-dependent two-body term and a zero-range 

three-body term interact at zero range, the Skyrme forces are produced. In 

HF calculations, a density-dependent two-body component can be 

substituted for the three-body term. As a result, The Skyrme troops have 

been merged into a single, more powerful force. Skyrme explains the 

contact between two bodies as follows[77]:  

      (     ̂ )         
 

 
  (     ̂ ) ( ̂                   ́̂ ) 

   (     ̂ ) ̂           ̂  
 

 
  (     ̂ )  ( ⃗ )         

    ́̂   ̂   ̂   ̂         ----------- (2.40) 

where          is the Dirac delta function  ̂  and  ́̂  are relative 

momentum operators which operate on the wave functions to the right 

and to the left. Also  ̂  is the spin exchange operator, with  ̂ representing 

the Pauli spin matrices. The Skyrme parameterizations;   , α,   ,   ,   , 

  ,      , and     usually determined by fitting the nuclear structure 

experimental data. Each of the terms gives rise to both time-even and 

time-odd densities with HF equations. 
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 in this case and   is the Skyrme force's parameters. The 

 ̂  ( ⃗⃗    ⃗⃗  )   ⁄  and     ́̂  ( ⃗⃗́    ⃗⃗́  )   ⁄  . 

The right- and leftward-moving wave vectors of two nucleons are 

relative. Operators are conjugate complex wave functions (i.e. the 

complex conjugate wave functions). Considering  ́ as a coordinate 

respectively. The terms   ,                   and    are free parameters 

that characterize the intensities of several interaction factors suited to 

nuclear structure data.  ̂ is operator of spin-exchange         . The 

overall energy density of a nucleus in a typical SHF model is  

                                    -----------------       

     the kinetic energy of nucleons (protons and neutrons) may be 

determined using the formula below 

     ∑
  

   
∫    

              
   -------------------------------       

     is the energy function of the Skyrme force is given by 

 

 

   is the density of protons and neutrons in their immediate 

environment (depending on the amount of  ),    is the density of the 

population,    is the densities of kinetic energy for protons and neutrons 

and     is the spin-orbit current density. These relationships provide them 

[78]: 

      ∑ |        | 
  ,       ∑ | ⃗⃗         |

 
    

        ∑   
             ⟨ | ̂| ́⟩             ́ ----------       
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The parameters of the energy Skyrme equation are listed 

below[77].  

     (  
 

 
  )   ́    (
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Coulomb energy makes up the third component of the total energy 

equation. The exchange component, which contributes a little amount of 

energy to the Coulomb energy, aids it. This contribution is possible 

because to the infinite range of the Coulomb interaction. Using the 

following formula, the Coulomb energy can be calculated [79]: 

      
  

 
∬

            

|     ́|
      ́                                              

            
 

 
  (

 

 
)

 
 ⁄

∫      
 

 ⁄       ------------------       

The nucleon densities ( )           and may be calculated using 

a single particle wave function produced using HF calculations.  the 

several generic products wave function  (ψ β )in the "Skyrme-Hartree-

Fock (SHF) theory "with the Skyrme forces have been composed of 

totally independent having to move single particles. The very next 

neutron and proton densities can be estimated using this method[79]: 

 

       ∑ |     |  ∑   
     

           -------------------      
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Chapter Three 

 Results and Discussion  
3.1 Introduction 

The characteristics of fp-shell nuclei can be described using a 

range of theoretical approaches. Such computations differ with the shell 

model's space being complete, the related parameters being mass 

dependent, and the two-matrix components being adequate in terms of 

experimental data [80]. 

The estimation of electron scattering form factors is also one of 

these important electromagnetic observables that need to be calculated 

and compared with the experimental data and represent good testing 

background for the large-scale shell model calculations. To perform the 

calculations one need mathematics, quantum mechanics theories, and 

nuclear shell model theories and formulae. These many issues must be 

programmed into a computer program to perform such a massive 

computations [81].  

NushellX @ MSU code was used to perform the calculations, and 

for more details about the program, it is explained in the appendix 

In the present work, five nuclei are considered in the fp-shell 

(
58

Ni, 
64

Zn,
70

Ge, 
72

Ge and 
74

Se). The Jun45 interaction have been used to 

give the fp-shell model wave functions. The calculations presented here 

were performed using Bohr-Mottelson models.  

  

3.2 Results and discussion 

Table (3.1) provides a summary of the Sk35-Skzs* 

[81]calculation parameters. In any of the following diagrams, the solid 

red curve represents the findings of the Tassie computations (see Figure 

(3.1)). The results of the Bohr-Mottelson models shown by the solid blue 

curve.  
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Table 3.1: The parameters of the Skyrme residual interaction.  

 

 

 

 

 

 

 

 

 

 

 

 

3.2.1   
58

Ni nucleus 

The calculations of the shell model have been utilized by using 

(1f5/2, 2p3/2, 2p1/2 and 1g9/2) model space. Figure (3.1) panel (A) displays 

the charge density derived using the Skyrme parameterization Sk35-

Skzs* investigated in the present study, and also the experimental charge 

distributions for the 
58

Ni nucleus.  

The charge form factor C0 for the state        
    has been 

predicted using the Bohr-Mottelson and Tassie models, as shown in 

Figure(3.1) panel (B). In the calculations, the core is considered to be 
56

Ni 

in which two valence neutrons outside the taken core. The calculations of 

the charge-density     and C0 form factor for the ground state is 

performed using the model space wavefunction only. The results were 

compared with the measured values indicated a remarkable agreement 

with the measured data [82,83] 

Force Sk35-Skzs* 

to  (MeV. fm
3
) 

t1  (MeV.fm
3
) 

t2  (MeV.fm
3
) 

t3  (MeV.fm
3
) 

Wo 

xo 

x1 

x2 

x3 

 

-1446.759 

250.852 

-132.993 

12127.649 

153.054 

0.329 

0.518 

0.139 

0.018 

1/2 
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Figure (3.1): (A) The distribution of the charge density for the 
58

Ni nucleus by utilizing Skyrme parameterization ―Sk35-Skzs*‖, [83]. 
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Figure (3.1): (B)  Co charge form factor for the   
    state in 

58
Ni 

nucleus [83] 

 

3.2.2   
64

Zn nucleus 

The theoretical results of the shell model calculation were carried 

out using the model space (1f5/2, 2p3/2, 2p1/2 , 1g9/2) which considers 
56

Ni 

core with two protons and six neutrons outside the core. The calculation 

is performed using the model space only. Figure (3.2) panel (A) illustrate 

the     calculated utilizing the Skyrme parameterization Sk35-Skzs* 

used in this work, and the experimental charge distributions for the 

isotopes 
64

Zn. The theoretical results of the     were able to reproduce 

the experimental data.  The C0 charge form factor for the 
64

Zn nucleus is 
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presented in Figure(3.2) panel (B), the Tassie and Bohr-Mottelson models 

were used to calculate the charge form factor C0 using the effective 

interaction (jun45) with the shell model and the (Sk35-Skzs*) residual 

interaction. The calculations for both Tassie and Bohr-Mottelson models 

reproduce the first diffraction maxima with the of experimental data and 

the shape of the diffraction minima is not very clear and seems theory 

shifted to the high-momentum transfer [84] 

 
 

 

Figure (3.2): (A) The distribution of the charge density for the 

64
Zn nucleus  by utilizing Skyrme parameterization ―Sk35-Skzs*‖, [84]. 
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Figure (3.2): (B)  C0 charge form factor for the   
    state in 

64
Zn 

nucleus, [84]. 

 

3.2.3   
70

Ge nucleus 

Figure (3.3) panel (A) shows the distribution of the charge density 

    calculated using the Skyrme parameterization Sk35-Skzs* 

investigated in the present study, along with the experimental charge 

distributions for the nucleus 
70

Ge. The results calculations with the 

Skyrme parameterization of the     shows agreement to the experimental 

data[83]. Figure (3.3) panel (B) shows the C0 charge form factor for the 

state        
    of 

70
Ge nucleus calculated using Tassie and Bohr-

Mottelson models, respectively. The effective interaction jun45 is used to 
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generate the wave functions used to calculate the one body transition 

densities (OBTD) and the overlapping to calculate the form factors using 

the model space only. 

 The theoretical results for the Tassie and Bohr-Mottelson models 

describe the experimental data very well through all regions at 

momentum transfer   and the results on Bohr-Mottelson are more able to 

reproduce the C0 form factors in all diffraction maxima regions.  

 

 

 

Figure (3.3): (A) The distribution of the charge density for the 

70
Ge nucleus  by utilizing Skyrme parameterization ―Sk35-Skzs*‖, [83] 
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Figure (3.3): (B)  C0 charge form factor for the   
    state in 

70
Ge 

nucleus, [83]. 

 

3.2.4   
72

Ge nucleus 

The distribution of the charge density obtained for the ground 

state of the 
72

Ge nucleus have been carried out using Skyrme 

parameterization Sk35-Skzs* displays in Figure (3.3) panel (A) using the 

model space only. Theoretical results of the       predict the experimental 

data very well after r > 2.0 fm.  The C0 charge form factor for the state 

       
     of  

72
Ge nucleus were calculated by Bohr-Mottelson and 

Tassie models. As illustrated in the Figure (3.3) panel (B), the 

calculations using the conventional shell model use a core of 
56

Ni with 

four proton and twelve neutron valence particles outside the core. The C0 
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form factor calculated the model space only utilizing jun45 effective 

interaction and Skyrme-parametrization (Sk35-Skzs*) agrees reasonably 

well with the measured data [87] .In all the momentum transfer regions 

and Bohr-Mottelson calculations reproduce the data very well better than 

Tassie calculations.  

 

 

 

Figure (3.4): (A) The distribution of the charge density for the 

72
Ge nucleus  by utilizing Skyrme parameterization ―Sk35-Skzs, [85]. 
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Figure (3.4): (B)  C0 charge form factor for the   
    state in 

72
Ge 

nucleus, [85]. 

 

3.2.5   
74

Se nucleus 

The theoretical results of the shell model calculation were carried 

out using the model space (1f5/2, 2p3/2, 2p1/2 , 1g9/2), which considers 
56

Ni 

core with six protons and twelve neutrons outside the core for the 
74

Se 

nucleus.  Figure (3.2) panel (A) illustrates the     calculated with the 

(Sk35-Skzs*) Skyrme parameterization used in this work, and the 

experimental charge distributions for the isotope 
74

Se. The results 

calculations of the     with the Skyrme parameterization shows 

equivalent to the experimental data [86]. 
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The charge form factor C0 for the state         
    of 

74
Se 

nucleus in fp-shell is presented in Figure (3.5) panel (B). The shell model 

computations employ the effective interaction (jun45), and the matrix 

element for interactions from beginning to final states is calculated using 

the residual interaction (Sk35-Skzs*). The measured data for C0 form is 

taken from [86]. The calculated form factor with the Tassie and Bohr-

Mottelson models   gives a very good agreement with the measured data 

spanned up to q=2.4 fm
-1

 

 

 

 

Figure (3.5): (A)  The distribution of the charge density for the 

74
Se nucleus  by utilizing Skyrme parameterization ―Sk35-Skzs*‖, [86]. 
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Figure (3.6): (B)  C0 the charge form factor for the   
    state in 

74
Se nucleus, [86].  
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Chapter Four 

Conclusions and Suggestions for Future Works 

4.1 Conclusions 

The charge density distribution and charge form factors of elastic 

electron scattering for a few chosen fp-shell nuclei were studied in depth 

theoretically in the current work using Tassie and Bohr-Mottelson 

calculations. The theoretical calculation was carried out by employing the 

Skyrme parametrization with (Sk35-Skzs*).  

After performing the present study, it can be concluded that: 

1. The choice (Sk35-Skzs*) as residual effective interaction proves to be 

adequate for the calculation of the Tassie and Bohr-Mottelson models 

compared to the experimental data.   

2. The model calculations for the ground state charge-density and C0 

form factors are very successful in describing the experimental data 

without the need for effective charges to account for the core-

polarization effect.  

3. The calculated charge density distribution for the studied nuclei shows 

discripancy for low (r) values and agreed well as (r) increasing. 

4. The calculated C0 form factors using Bohr and Mottelson collective 

model agreed reasonably well with the theoretical calculations and 

gave better results than Tassie Model calculations  compared to the 

measured data for the studied nuclei.  

5. The chosen effective interaction jun45 is adequate for the fpg model 

space which successful in reproducing the charge density distribution 

and the charge form factors for the ground state of the studied nuclei. 
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4.2 Suggestions for Future Works  

It seems clear that further work is needed to find more identifiable 

features that could improve the calculations, and we therefore suggest the 

following 

1. This work can be performed taking the core at 
40

Ca which need 

considerable computer power and compare it with the present study 

might improve the calculations better.  

2. Calculation other properties of the studied nuclei, the reduced electric 

quadruple probability B(E2) and the Electric ground state quadrupole 

moment Q.  

3. Using the Skyrme-Hartree-Fock-Bogoliubov approach to perform the 

calculations and compare it with the present work. 
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Appendix 

NushellX@MSU Code 

NuShellX@MSU is a series of wrapper programs designed by 

Alex Brown.Bill Rae NuShellX is a set of computer tools for calculating 

correct energies, eigenvectors, and spectroscopic overlaps for low-lying 

states in shell model Hamiltonian matrix calculations with extremely 

high basis dimensions. It uses a J-coupled proton-neutron basis with J-

scheme matrices of up to 100 million dimensions. That creates NuShellX 

input from model space and Hamiltonian data files The wrapper scripts 

also convert NuShellX output into figures and tables for energy levels, 

gamma decay, and beta decay. The NuShellX code is built on a proton-

neutron basis and uses a similar approach to NATHANA three-term sum 

may be used to express the Hamiltonian 

                 

The second quantized form for     is  

      ∑ ,[  
    

 ]
  

 [       ]
  

-
   

         
 

The NuShellX@MSU setup is shown in Figure In the center is 

NuShellX. Wrapper programs encircle it, pulling data from a database of 

previously created Hamiltonians (bottom left).  

The Hamiltonians might also have obtained using ab-initio 

approaches like those outlined in references (top left) Finally, the 

wrapper combines theoretical energies with data from the Evaluated 

Nuclear Structure Data Files (ENSDF) to generate a graph that may be 

used to compare theory and experiment. For the operators a+, a+ a+, and 

a+ a, NuShellX takes the overlaps. The wrapper converts them into 
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spectroscopic factors, two-nucleon transfer amplitudes, and one-body 

transition densities. The one-body transition densities are used in 

combination with the program DENS to generate the matrix elements for 

the Ml, El, and Gamow-Teller (GT) operators 

 To construct a gamma-ray decay scheme, the magnetic and 

quadrupole moments for all states in the calculation are coupled with the 

M1 and E2 data. The GT matrix elements are used to obtain an 

acceptable beta-decay scheme. 

 The DENS program allows you to use radial wave functions 

from the harmonic-oscillator, Woods-Saxon, or Skyrme energy-density 

functions techniques for matrix elements. DENS may also be used to 

compute electron scattering form factors 

 

 

 

 

 

 

 

 

Schematic layout of the NuShellX@MSU codes. 
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