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ABSTRACT 
The shell model calculations in the present work are performed using NuShell@MSU code for windows 

without any restriction imposed on the model space within large-scale sdpf-model space. Elastic and Inelastic 

electron scattering form factors , reduced transition probabilities and the charge density distribution have been 

calculate based on the sdpfnow effective interaction and compared the results with the experimental data . The radial 

wave function for the single-particle matrix elements have been calculated with the Harmonic Oscillator (HO) and 

Skyrme (SKX) potentials in the model space and Tassie model for 17,18O and 20Ne nucleus.  
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1. INTRODUCTION 

Electron scattering provides information about the nuclear structure include size, charge distribution and the 

electromagnetic currents inside the nuclei. Theoretical work on electron scattering starts from 1929, when mott 

derived the cross section for the relativistic scattering of Dirac particles (Mott, 1929). The nuclear size can be taken 

into account by multiplying the mott cross section by the form factor which depends on the charge, current and 

magnetization distribution of the nucleus. Modern, large-basis shell-model calculations are progressing in several 

dimensions: (a) better methods and models to predict which of the basis states are most important , so that the reach 

of the active space can be extended without proportional expansion of dimensionalities; (b) improved mathematical 

and computational techniques for projecting angular momentum and setting up and diagonalizing large matrices; (c) 

use of less restrictive , but more discriminating and realistic, assumptions about the effective nucleon-nucleon 

interaction; and (d) theoretical and empirical elucidation of the effects of excluded configurations (Brown and 

Wildenthal, 1988) . These developments are proceeding in parallel with the use of computers that are faster and have 

larger memories. Advances on these fronts rely on the contributions of many groups working with several different 

approaches on several different regions of nuclei (Brown, and Wildenthal, 1988). The sdpf-shell is considered in the 

present work, this model deals with the distribution and coupling of the valence nucleons within an extended model-

space. According to this model the 16O is considered as an inert core. The configuration mixing nuclear shell model 

allows the mixing of different orbits to create the eigenstates, this model still assumed that the nucleus contain an 

inert core and active orbits in which the valance nucleons are distributed according to Pauli principle. In this case, 

all the valance nucleons share in the scattering process. The sdpf-shell model calculations consider only the role of 

sdpf-shell. The inelastic electron scattering calculations take the role of the core into account by using effective 

charges or effective g-factors. Some theoretical results of nuclear structure for many light nuclei in p and sd shells 

have been discussed (Jassim, 2012; Jassim and Al-Sammarrae, 2014; Jassim, and Rawaa A.Abdul-Nabe, 2016; 

Jassim, 2016) using shell model calculations. A large-scale shell model calculation also performed for Nuclear 

Structure of 104,106,108Sn Isotopes (Jassim, 2013) with the Sn100pn interaction. Theoretical results of nuclear structure 

for many 17O nuclei in sd shells have been discussed using shell model calculations (Khalid Jassim, 2013; Majeed 

and Najim, 2015). 

The aim of the present work is to study various components of the electron scattering form factors, charge 

density distributions and reduced transition probabilities for 17,18O and 20Ne by means of large-scale shell model 

calculations without any restrictions by employing sdpfnow effective interaction and compare the theoretical results 

with experimental data. 

2. METHODS & MATERIALS 

Theory: The elastic electron scattering form factor from is simply the Fourier transform of the charge density 

distributions 𝜌𝑐ℎ(𝑟) , given by Wong (2008): 

        𝐹𝐿(𝑞) =  ∫ 𝜌𝑐ℎ(𝑟)𝑒𝑖𝑞𝑟 𝑑𝑉                    (1)  
𝐹𝐿(𝑞) is known as the longitudinal form factor . The electron scattering form factor with the corrections, in 

terms of angular momentum J and momentum transfer q, and inclode isospin, can be written as (Donnelly, 1984)  
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Where η indicate the longitudinal (C), transverse electric (E), and transverse magnetic (M) form factors. 

𝑇̂𝐽
𝜂

(𝑞) is the electron scattering operator.  

𝐹𝐽
𝜂

(𝑞) =  e𝑞2𝑏2/4𝐴 is the corrections of the Center-of-mass, A and b are the mass number and the harmonic oscillator 

size parameter, respectively, and 𝐹𝑓𝑠(𝑞)= 𝑒−0.43𝑞2/4 is the corrections of nucleon finite-size. We can rewrite the 

nuclear many-body matrix elements in terms of the one-body matrix element and the reduced one-body matrix 

element (Jassim, 2014; Brussaard, 1977).  
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Where quantum numbers (n, 𝑙, j) abbreviated by j. The reduced single-particle matrix element in both 

spin and isospin, can be rewritten in terms of the single particle matrix element reduced in spin only (Donnelly, 1984; 

Brussaard, 1977).  
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         (5)          

And 𝑡𝑧 = 1/2 and −1/2 for the proton and neutron, respectively. In the present work, the shape of the Tassie 

Model is employed for core polarization. The effect of core polarization is found to be essential for both the transition 

strengths and the momentum-transfer dependence and gives a good description of the data (Jassim, 2014). The 

longitudinal form factors for this model are (Tassie, 1956).  
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Where N is a proportionality constant and 𝜌𝜊is the ground state two – body charge density distribution, and 

j is the spherical Bessel function. The reduced electric transition strength is given by (Brown, 1985).  
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3. RESULTS AND DISCUSSIONS  
In this work, we are calculated various components of electron scattering form factors for the 17,18O and 20Ne 

nuclei, which have ground state spin-parity 𝐽𝜋= 5/2+, 0+, 0+, respectively. Sdpf-extended model space has been 

adopted in order to distribute the valence particles outside an inert core 16O. The active orbits of this model space are 

1d5/2 2s1/2 1d3/2 1f7/2 2p3/2 1f5/2 2p1/2. The radial wave functions for the single-particle matrix elements were calculated 

with the harmonic oscillator (HO) and Skyrme potentials. The oscillator length parameter b are at 1.763 fm,            

1.821 fm, 1.869 fm for 17O, 18O and 20Ne nucleus, respectively. We employed the effective charge 0.35 for each of 

proton and neutron for the 20Ne nucleus which have two protons and two neutrons in the model space. The neutron 

effective charge is 0.65 for 17,18O nucleus, where the model space has only neutrons. Fig.1, shows the longitudinal 

C2 (1/21
+ 1/2) inelastic electron scattering form factor as a function of momentum transfer q in the 17O nucleus. Only 

Tassie calculations give a good agreement comparing with the experimental data (Manley, 1987). The calculations 

of model space without effective charge are very small compared with the experimental data. In fig.2, we show the 

transverse M3 form factor for this state. The HO calculations give a good agreement with the experimental data 

(Manley, 1987). The model space with Skyrme potential calculations are less efficiency in this case. 

 
Figure.1. The longitudinal C2 form factors for the (𝟏/𝟐𝟏

+ 1/2) (0.87 MeV) in the 17O nucleus 

Experimental values are indicated by the filled circles (Manley, 1987). The dotted and solid curves indicate 

the calculations of HO potential without and with effective charge, respectively. The dashed curves indicate the 

calculations of Skyrme potential with effective charge. The “+” symbols indicate the calculations of TM. 
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Figure.2. The transverse M3 form factors for the (𝟏/𝟐𝟏

+ 1/2) (0.87 MeV) in the 17O nucleus 

Experimental values are indicated by the filled circles (Manley, 1987). The longitudinal C0 (01
+ 1) elastic 

electron scattering form factor in the 18O nucleus is shown in Fig.3. The TM calculations give a poor agreement with 

the experimental data (Kuchta, 1988). The calculations of model space without effective charge give a good 

agreement with the experimental data. In such cases, we note the difference of effects between the effective charge 

model space and TM (core-polarization) calculations for ground states. The calculations of model space without 

effective charge for C2 (21
+ 1) form factor in the 18O nucleus again less than the experimental data (Kuchta, 1988) as 

shown in Fig.4, while the calculations of model space with effective charge give a poor agreement with the 

experimental data. Only TM calculations give a good agreement with the experimental data. The effective charge 

for proton is not affected for 17,18O nucleus when we calculate the longitudinal form factors because the active 

nucleons are only one and two neutrons, respectively.  

Fig.5, shows the longitudinal C5 (53
‒ 0) inelastic electron scattering form factor in the 18O nucleus. Again 

the calculations of model space without effective charge are very small compared with the experimental data, that 

may be because it gives zero effective charge for neutron. We note that the calculations of model space with HO and 

Skyrme which consist of one peak for excited states in the 18O nucleus. 

 
Figure.3. The longitudinal C0 form factors for the (𝟎𝟏

+ 1) (0.0 MeV) in the 18O nucleus 

Experimental values are indicated by the filled circles (Kuchta, 1988). The dotted and solid curves indicate 

the calculations of harmonic-oscillator potential without and with effective charge, respectively. The dashed curves 

indicate the calculations of Skyrme potential with effective charge. The “+” symbols indicate the calculations of 

Tassie model. 

 
Figure.4. The longitudinal C2 form factors for the (𝟐𝟏

+ 1) (1.982 MeV) in the 18O nucleus 

Experimental values are indicated by the filled circles (Kuchta, 1988).  

 
Figure.5. The longitudinal C5 form factors for the (𝟓𝟑

‾‾ 1) (9.971 MeV) in the 18O nucleus 

Experimental values are indicated by the open and filled circles. 
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Fig.6, Shows the longitudinal C0 (01
+ 0) elastic electron scattering form factor as a function of momentum 

transfer q in the 20Ne nucleus. The calculations of model space with HO and Skyrme potentials without effective 

charge give a good agreement with the experimental data (Knight, 1981).  

 
Figure.6. The longitudinal C0 form factors for the ground state (𝟎𝟏

+ 0) in 20Ne nucleus 

Experimental values are indicated by the filled circles [Knight, 1981]. 

Fig.7 and 8 are shown the calculated Charge Density Distributions (CDD) of the 18O and 20Ne nuclei which 

calculated with HO, Skyrme and WS potential in sdpf model space and with TM. The Skyrme potential (dashed 

curve) calculations give agreement with the experimental data (De Vries, 1987). Table.1, shows the energy levels 

and reduced transition probabilities B (WL), the results of energy levels gives agreement comparing with 

experimental data. The B (WL) values give acceptable agreement for available experimental data. 

  
Figure.7. The dependence of the ground state two body charge density distribution (in fm-3) on radius  

(in fm) for the 18O nuclei 

Experimental values are indicated by the filled circles (De Vries, 1987) 

 
Figure.8. The dependence of the ground state two body charge density distribution (in fm-3) on radius  

(in fm) for the 20Ne nuclei 

Experimental values are indicated by the filled circles (De Vries, 1987).  

Table (1): Excitation energies and the reduced transition probabilities B (WL) for sdpf-model spaces. The 

unit of B (EL) is e2fm2L. Experimental excitation energies of Ref. (Tilley, 1998) for 17O and Ref. (Tilley, 1995) for 

the 18O nucleus and Ref. (Tilley, 1998) for the 20Ne nucleus. 

nuclei J π WL  Ex(MeV±KeV) B (WL)  

B(WL) Exp. Cal. Exp. HO (HO) 

en,p=0.35 

(HO) 

ep=0.35 

en=0.65 

Skyrme 

e,p=0.35 

en=0.65 
17O 1

/21
+ 

C2 0.784 0.87073 ± 

0.10 

0.55x10-14 0.941 3.248 4.04 2.18 ±0.16 

(Brown, 

1980) 
17O 3

/21
+ 

C2 5.594 5.0848 ± 0.9 1.938x10-13 0.3296 1.137 1.482 2.05 ± 0.2 

(Tilley, 1995) 
18O 21

+ C2 2.371 1.98207± 

0.09 

0.51x10-11 11.71 40.40 45.16 44.8 ±1.3 

(Norum, 

1982) 
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18O 41
+ C4 4.061 3.55484 ± 

0.40 

0.2505x10-5 1376 4744 5932 (9.04±0.9) 

×102 (Tilley, 

1995) 
18O 31

+  6.052 5.3778 ± 1.2      

18O 11
+  11.154 8.817 ± 12      

18O 02
+  4.591 3.63376 ± 

0.11 

     

18O 22
+ C2 4.727 3.92044± 

0.14 

0.1180x10-7 0.4094 1.412 2.794 22.2 ± 1 

(Tilley, 1998) 
18O 32

+   7.977±4      

18O 53
− C5 75.362 9.713±7 0.56 x10-5 3846x105 132x106 6.04 x105 3.15x104 

20Ne 21
+ C2 2.042 1.63367± 

0.015 

93.59 270.5 374.4 388.7 322.9 ±1.8 

20Ne 41
+  4.642 4.2477 ± 1.1      

20Ne 02
+  7.257 6.725 ± 5      

20Ne 22
+  7.934 7.4219 ± 1.2      

20Ne 42
+  10.754 9.031±7      

20Ne 23
+  10.835 7.8334 ± 1.5      

20Ne 31
+  10.960 9.873±4      

20Ne 11
+  12.016 9.935 ±12      

4. CONCLUSIONS 

The Large Scale sdpf-shell models calculations can describe the ground state C0 and M1 form factors without 

applying an effective charge and the positive-parity energy levels for considered nucleus. The model space 

calculations can’t describe the excited states form factors for nucleus with model space consist of only neutrons such 

as the 17,18O nucleus. The effective charges didn’t enhance the results of form factors because it inherently differs 

from the experimental shapes, as well as the effective charges for proton aren’t affecting the form factors. The 

inclusion of higher-excited configurations by means of core-polarization (Tassie model) enhances the form factors, 

where the calculated form factors consist of two peaks but the effective charge of proton still don’t affect which 

indicates the effective charges applied to the nucleons in model space only. For the reduced transition probabilities 

and charge density distribution , the calculated results of Skyrme potential are closer to the experimental data then 

indicate that the enhancement of theoretical calculations must base on Skyrme potential. In addition, we note that 

the effective charges didn’t affect the results of charge density distribution. 
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