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Abstracts: The shell model used to calculate energy levels and reduced electric quadrupole transition probability B(E2) and , Charge 

Density   for 65-66Ni  isotope using OXBASH code within the f5p shell and using the f5pvh effective interaction. 65-66Ni isotope contain 

8 proton out side  65-66Ni core in  shell .The results of the energy levels and values of B(E2)  and Charge Density  were reasonably 

consistent with the experimental data available. 
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1-Introduction: 

The basic assumption in the nuclear shell model is that, to first order, each nucleon (proton or neutron) is moving in an independent 

movement in a mean field. This is not so, a priori, since the nucleus constitutes an A-body problem interacting via the nucleon-

nucleon force in the nuclear medium[1 ]. It is clear from the very beginning that this nucleon-nucleon force will be different from 

the free nucleon-nucleon interaction (Bohr, Mottelson 1969). The first person to present the idea of closed nuclear shell was the 

scientist W. W. Classer in 1934, as some studies on the rate of binding energy as well as the properties of nuclei led to the fact that 

the nuclei inside the nucleus are connected to the orbits of the atomic electrons, and it was called the cortical structure or the structure 

of the levels that The nucleus is stable[2 ]. The formulation of the shell model was based on a prototype called the single particle 

model, in which it is assumed that nucleons move free movement within the nucleus. Whereas, the basic hypothesis of the cortex 

model is the presence of a nuclear potential in which all the nucleons move, and that the average potential of all the nucleons is what 

controls the movement of any nucleon separately and that each nucleon represents orbit with a precisely defined angular 

momentum[3 ]. 

2-Theory: 

2-1 Single particle shell model 

The basic hypothesis of any shell model is the movement of each nucleon that does not depend on the movement of the 

other nucleon, meaning that each nucleon moves independently, despite the strong overall interaction between the nucleons that 

generate the binding energy. Neglecting double nucleon, this model is called a single particle shell model. As the Schrödinger 

equation can be written as follows[4 ] . 
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where m0 is the mass of nucleon, V is the potential and E is the energy of incident particle. As we imagine that every nucleon moves 

within the same effort, that this potential is spherical in the simplified case, but there is good evidence that nucleons far from the 

closed shell are under the influence of an oval potential. In the independent particle model, one can interact between one particle and 

the other particles in the nuclei using a Central Potential potential. The simplest option for a central potential is the harmonic 

oscillator potential[5 ]: 
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Since M denotes the mass of the nucleon, the angular frequency, r the distance between both the nucleon and the center of the 

coordinates. The spectrum of the particle energy levels in the harmonic oscillator potential consists of a series of levels that are 

separated from each other by the amount ,i.e., they are separable in the angular and diagonal coordinates of that self-function can 

be written as follows[6 ]: 

),()(),,(  lmnlnlm YrRr 
                                                  (4)

 

The diagonal waveform represents the harmonic oscillator. Spherical wave function of harmonic oscillator. Ɩ, m is the number of 

quantum and angular momentum, respectively. 

The diagonal waveform functions of the harmonic oscillator (r) are given by, 
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That's where n !! = n (n-2) (n-4) ... (2 or 1) and volume information for the harmonic oscillator. And since the momentum operator 

is given by the following relationship     [7 ]. 

P̂ = −iℏ∇⃗⃗                                                                                                         (6) 
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Energy Eigen Values for equation (7) are given as follows: 
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where N = 2 (n-1) + Ɩ is the Oscillator Quantum Number. 

The subjective values for the effects of the total orbital angular momentum are given by the following equation, 
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        According to the shell model of a single particle, the nuclear properties are determined by the nucleon outside the core[8 ]. The 

structure of the nuclear cortex or the nucleus stabilization relationship to the magic numbers represented by the number of nuclei 

cannot be easily reached, because we do not fully know the final shape of the nucleus or the nuclear effort. We know that the nuclear 

force is a strong attraction force and has an effect on small distances in the nucleus, so whatever the shape of this force or effort, the 

calculations of the single particle model depend on two basic assumptions[9 ]: 

1. Every nucleus moves freely in the field of force expressed in the nuclear effort. 

2. Apply Pauli's exclusion principle, meaning that energy levels are filled relative to the exclusion principle. 
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The nuclear energy levels of single particle states in a central field are arranged in groups, as the converging orbital group is referred 

to as the Major Shell[10 ]. Each plane in relation to the cortex model is named by the quantum number n, the value of s (s = ± 1/2) 

and the value of j and symbolized by it (SPS), and the spectrum resulting from the nucleus in this case is called the spectrum of the 

levels of one particle[11 ]. 

2-3 Nuclear density distribution  

The density distribution of the ground plane can be calculated using the wave function of the harmonic oscillator. And the density 

distribution for a system consisting of A of point nickels can be expressed using the one-particle density factor that is given by the 

Dirac delta function[12 ].  
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As for the expected value of the single-particle density effect, it can be written in terms of the multi-particle wave function (ψ ) :
 

 )r....,r,rψ()r(ρ̂)r....,r,rψ( A21A21


=

A21A21

A

1i 0

iA21 rd,..,rd,r).dr....,r,r()rr()r....,r,r(


 


 

  

 (11)                               

The wave function of a multi-nuclear particle (ψ) can be expressed through a slater determinant, depending on the wave functions 

of a single particle[13 ]:  
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And by taking the integration on equation (10) and using equation (11) we get:
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Because of the orthogonal functions and using the properties of the Dirac delta function, the density distribution for a system 

containing A of nucleons, we get  :  
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In order to obtain a clear expression for the elements of the one-particle density matrix, the harmonic oscillator basis will be used to 

define the states of the single particle[14 ] :  
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represents  m,   l,  n, space function, spin, isospin respectively Each of  
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while , ii tsmlni ,,,,Where  

the main quantum count and the orbital angular momentum and its projections. As for the spin, it represents the single-particle spin 

and isotopic spin. 

The space vector function is as a function of the harmonic oscillation and is given by the following relationship[15 ] : 
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 Represents the 

diagonal wave function of the harmonic oscillator.    :)(rRnl
   

The spherical wave function of the harmonic oscillator  : 
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Substituting equations (15) and (16) into equation (14), [16 ] we get 
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The factor 4 in equation (18) is taken from the isotopic twist calculation, and the second term in equation (18) can be written as 

follows  
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From the substitution of equation (19) in equation (18), the formula for the density of a system of point nucleons, A, can be 

obtained: 
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), we get the equation for mass density when Z=N20in equation (  )12( jwith   )12(2 lAnd by replacing the term  
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  Or in the case of Z≠N we get: 
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represents the closed orbit Iwhere   

  nlj . represents the number of nucleons in the unfilled orbitalN  

   Adrrrdr  
2)(4)(                                          (23) 

where A is the mass number of the nucleus[17 ]. 
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As for the density of the charge distribution, it is given by the following equation   
2
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Where Z represents the number of protons in the nucleus [18 ].  
 

3-Results and Discussion: 

3.1.1 Energy levels of 65Ni nucleus: 

Ni nucleus is a closed nucleus 65By applying the shell model and using the OXBASH program, the ground state of the 

 Ni with 9 neutrons distributed in three orbits (1f5/2, 2p3/2 and 2p1/2) representing the model space. The expected states are56

formed through the presence of these nucleons in a model space, and to calculate their energy levels, the interaction (f5pvh) was 

].,19Ni [865used. Table (1) shows the comparison between the theoretical and experimental values available for the nucleus of  

Ni nucleus 65is a comparison between the theoretical values of the energy levels relative to the ground state of the nickel ) 1Table (

with the experimental results using the f5pvh interaction. 

Theoretical values of f5pvh interaction Experimental values 

 J E (MeV) E (MeV) J 

15/2 0.0000 0.0000 5/2- 

11/2 0.0240 0.0634 1/2- 

13/2 0.2780 0.3101 3/2- 

23/2 0.5030 0.6932 3/2- 

21/2 0.9230 1.4176 1/2- 

17/2 0.9690 1.1417 (7/2-,9/2-) 

25/2 1.1500 1.2741 (5/2-) 

19/2 1.4600 ---- ---- 

33/2 1.6710 1.7720 (3/2)- 

35/2 1.6990 ---- ---- 

27/2 1.9360 1.5940 7/2- 

43/2 2.2420 2.1468 3/2- 

111/2 2.2600 ---- ---- 
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29/2 2.3220 ---- ---- 

45/2 2.4790 ---- ---- 

37/2 2.7210 ---- ---- 

55/2 2.7420 ---- ---- 

53/2 2.7950 3.1080 (1/2-,3/2-) 

39/2 2.9240 ---- ---- 

65/2 2.9380 ---- ---- 

49/2 2.9760 ---- ---- 

47/2 3.2400 ---- ---- 

31/2 3.2630 ---- ---- 

75/2 3.2990 ---- ---- 

57/2 3.5310 ---- ---- 

63/2 3.5520 ---- ---- 

59/2 3.5910 ---- ---- 

85/2 3.7020 ---- ---- 

73/2 3.7170 ---- ---- 

67/2 3.7390 ---- ---- 

41/2 3.7610 ---- ---- 

83/2 3.8980 ---- ---- 

95/2 4.0360 ---- ---- 

51/2 4.2370 ---- ---- 

105/2 4.3140 ---- ---- 

93/2 4.5150 ---- ---- 

103/2 5.0680 ---- ---- 

 

Through Table (1) and comparing the results of this analogue, it is clear that: 

1- An agreement was obtained for the ground condition of the level 5/2-
1 when compared with the confirmed experimental value. 

2- Good agreement was obtained in levels (1/2-
1, 3/2-

1, and 3/2-
2) with energy values (0.0240, 0.2780, and 0.5030) respectively in 

MeV, with corresponding experimental values. 
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3- The total angular momentum and parity of the level (7/2-,9/2-), (5/2-), and (1/2-,3/2-) with an uncertain value of (1.1417, 

1.2741, and 3.1080) MeV have been confirmed in practice by close matching of theoretical values. 

4- The total angular momentum of the level (3/2)- with an uncertain value of 1.7720 MeV have been confirmed in practice by 

close matching of theoretical values. 

5- We did not notice from table (1) that we obtained 27 new levels, which are experimentally undefined for the purpose of 

discussing this study. 

3.1.2 Energy levels of 66Ni nucleus: 

By applying the shell model and using the OXBASH program, the ground state of the 66Ni nucleus is a closed nucleus 56Ni 

with 10 neutrons distributed in three orbits (1f5/2, 2p3/2 and 2p1/2) representing the model space. The expected states are formed 

through the presence of these nucleons in a model space, and to calculate their energy levels, the interaction (f5pvh) was used. Table 

(2) shows the comparison between the theoretical and experimental values available for the nucleus of 66Ni [9]. 

Ni nucleus 66is a comparison between the theoretical values of the energy levels relative to the ground state of the nickel ) 2Table (

with the experimental results using the f5pvh interaction. 

Theoretical values of f5pvh interaction Experimental values 

+J E (MeV) E (MeV) J 

10 0.0000 0.0000 0+ 

12 1.4340 1.4248 2+ 

14 2.6220 ---- ---- 

22 2.7820 2.9160 2+ 

13 2.9910 2.6708 (3+) 

24 3.0300 3.1854 (4+) 

20 3.1520 2.4450 0+ 

11 3.2910 ---- ---- 

32 3.3880 3.2306 2+ 

42 3.5870 3.7460 2+ 

23 3.6090 ---- ---- 

30 3.8670 2.9650 0+ 

21 4.0300 ---- ---- 

 

Through Table (2) and comparing the results of this analogue, it is clear that: 

1- A match was obtained for the ground state of the level 0+
1 when compared with the confirmed experimental value. 

2- Good agreement was obtained at the level 2+
1 with energy value 1.4340 MeV, with the corresponding experimental value. 

3- The total angular momentum and parity of the level (3+), and (4+) with an uncertain value of (2.6708, and 3.1854) MeV were 

confirmed in practice by a close match of the theoretical values. 

 Reduced Electric Quadrupole Transition Probability B(E2)2- 3   
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We have studied the reduction potential of the quadrupole electrode B(E2) for the isotopes of nickel 65-66Ni, and these 

calculations were carried out using the (OXBASH) program. As transitions are one of the important quantities in nuclear physics to 

determine the group in nuclei, the transition potential is one of the most sensitive criteria in determining effective interactions. In 

order to illustrate this sensitivity, the reduced electrode quadrupole transmission potential B(E2) is calculated. These calculations 

may be performed and compared with the available experimental values. The accuracy of the calculated transitions in this work is 

done using harmonic oscillating potential (HO, b), the calculated results are in good agreement for all cores in this work with the 

available experimental values. The effect of closed heart depolarization 

A 65Ni nucleus was selected for the F5P model space, and table (3) shows the B(E2) values of 65Ni isotope obtained for the f5pvh 

interaction with effective charges (ep = 1.65 e and en = 0.65 e) in comparison with the available experimental values. 

Table 3: Comparison of B (E2) values for 65Ni nucleus with experimental values are available in e2fm4 units. 

Ji → Jf )4fm2B (E2) (eExp.  )4fm2B (E2) (e f5pvh 

1
-1/2 → 

1
-5/2 1.847 1.909 

1
-3/2 → 

1
-5/2 --- 1.933 

1
-3/2 → 

1-1/2 --- 14.72 

2
-3/2 → 

1
-5/2 --- 44.69 

2
-3/2 → 

1
-1/2 --- 0.4001 

2
-3/2 → 

1
-3/2 --- 6.28 

2
-1/2 → 

1
-5/2 --- 14.4 

2
-1/2 → 

1
-3/2 --- 36.08 

1
-7/2 → 

1
-5/2 --- 28.43 

1
-7/2 → 

1
-3/2 --- 14.74 

 

 A 66Ni nucleus was selected for the F5P model space, and table (4) shows the B(E2) values of 66Ni isotope obtained for the 

f5pvh interaction with effective charges (ep = 1.5 e and en = 0.5 e) in comparison with the available experimental values. 

units 4fm2Ni nucleus with experimental values are available in e66: Comparison of B (E2) values for 4Table . 

Ji → Jf )4fm2B (E2) (eExp.  )4fm2B (E2) (e f5pvh 

1
+2 → 

1
+0 --- 14.5 

1
+4 → 

1
+2 --- 13.94 

2
+2 → 

1
+0 --- 0.1254 

2
+2 → 

1
+2 --- 1.746 

2
+2 → 

1
+4 --- 0.04739 

1
+3 → 

1
+2 --- 0.0008534 

1
+3 → 

1
+4 --- 0.7782 

1
+3 → 

2
+2 --- 1.201 
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2+4 → 
1

+2 --- 1.019 

2
+4 → 

1
+4 --- 1.361 

 
3-3 Charge density distribution 𝝆𝐜𝐡 

The nuclear charge density distributions for nickel isotopes 65-66Ni were calculated and they are shown in Figures (1) and 

(2). It is noticed from Figure (1) and (2) that the value of the charge density of the isotopes is in the center of the nucleus 𝜌0 (e
2fm4), 

then it begins to increase to a limit 𝑅0(fm) which lasted in table (5). 
 

Table 5: Value of 𝜌0 (e
2fm4) and 𝑅0(fm) for nickel isotopes. 

Nucleus 𝝆𝟎(𝐞
𝟐𝐟𝐦𝟒) 𝑹𝟎(𝐟𝐦) 

Ni65 0.100 7.5 

Ni66 0.100 7.5 

 

 
Ni isotope.65Charge density distribution in Figure 1:  
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isotope.Ni 66Charge density distribution in Figure 2:  
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