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Abstract: 

In this work, we applied the nuclear shell model to study the energy levels for 

 54 54

26 28&Fe Ni
nucleus which contain two holes outside

56

28Ni
core and occupy the 

7

2

0f

 shell 

.In these calculations used computer program MatLab 2016 to calculate Modified Surface 

Delta Interaction (MSDI) is employed as a residual interaction. Comparison with 

experimental values and found to be rather good agreement. 
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تيحساب هستىياث الطاقت لنىا
 54 54

26 28&Fe Ni
جهذ دلتا  استخذام بتطبيق انوىرج القشرة النىوي و

 السطحي الوعذل

 قصي باسن هحوذ رشيذ دلال ناجي حويذ

 

 العلىم , جاهعت الكىفتقسن الفيزياء ,كليت 

 :الخلاصت

في هزا الثحث تن اختياس اًوىرج القششج الٌىوي لذساسح هستىياخ الطاقح لٌىاتي
 54 54

26 28&Fe Ni
والتي  

تىصف تىجىد اثٌيي هي الفجىاخ خاسج القلة الوغلق 
56

28Ni
يحتلاى القششج  

7

2

0f

في هزٍ الحساتاخ استخذم تشًاهج  

في حساب تفاعل دلتا السطحي الوعذل كتفاعل هتثقي تيي جسيوتيي . تعذ هقاسًح ًتائج الثحث تالٌتائج  6102الواتلاب 

 .العوليح وجذًا تقاسب جيذ تيٌهوا

 .ىجاًوىرج القششج الٌىوي , جهذ دلتا السطحي الوعذل, هستىياخ الطاقح , الفج الكلواث الوفتاحيت:

 

1. Introduction 

The nuclear shell model is the first 

quantum mechanical model of the nucleus. 

Its name has came from the results of 

empirical correlation of certain nuclear 

data. A shell model in which the system is 
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thought to consist of individual particles 

moving in bound orbits in response to the 

remainder of the system. Each orbital has a 

well designated energy angular momentum 

and parity associated with it[1].   

     The nuclear shell model has 

played an indispensable role in the study of 

the nuclear structure, since it was 

conceived by Mayer and Jensen. The 

nuclear shell model has several important 

and basic features such as the 

independence of model assumption, the 

usage of realistic nucleon - nucleon 

interaction, and the common Hamiltonian 

for various types’ Eigen states and 

different nuclei[2]. 

For many applications these complex 

configuration can be taken into account 

exactly by the digitalization of Hamilton 

matrix[3]. 

The shell model is suggested in analogy 

with the electronic structure of the atom. 

This model is sensitive to nucleon angular 

momentum. It can predict total angular 

momentum and parity if valid. The nucleon 

shells are filled up according to the Pauli 

principle. This principle results in a finite 

number of such particles occupying a 

given energy level and thus leads the 

concept of closed (filled levels) shell[1]. 

B. A.Brown& A. C. Larsen (2014) 

researchers studied large low-energy 

strength for(
 56 , 57

Fe ) within the  NSM[4]. 

P. Möller& other (2016) the researcher 

studiedground-stateand binding energiesof 

9318 nuclei ranging from A= 16 to A= 

339,including some nuclei containing 

proton holes and neutron 

holes[5].N.Shimizu& other 

(2016)researchers a successful description 

of both low-lying spectroscopy and the 

experimentally observed equilibration of 

(J
π
 =2

+
& 2

−
) states in ( 

58
Ni ) in a unified 

manner[6]. 

The 
 54

26 Fe
 nucleus and 

 54

28Ni
 

nucleuswere selected in this study because 

there was no study using the nuclear shell 

model and the modified delta surface using 

program MatLab.   

The aim of research is studied the 

energy levels for all allowable total angular 

momentum and the parity for iron nucleus 

 54

26 Fe
and nickel nucleus

 54

28Ni

withinmodel space 
7

2

 of
 
 
 using the MSDI 

with respect to inert core
 56

28Ni
. 

 

2.  The theory  

Pandya succeeded in explaining the 

particle -hole theorem which relates the 

spectrum of a nucleus with one nucleon in 

each of the single-particle level j  and j  to 

the spectrum of the nucleus with one 

particle in j   and another hole in j[2, 7]. 

This relationship will be used to correlate 

the spectrum observed in various nuclei. 

The behavior of two-hole nuclei is 

very much the same of two particle nuclei 

except that the single-particle energies 

change sign[8, 9]. The hole-hole 

interaction energy in terms of the particle-

particle matrix element which represented 

energy level is given by[9, 10]: 

 1 1

1 2 1 2( ; ) (1,2) 1
MSDI

JT a b a b JTE j j j j j j V j j    

 

Where
1 1

, 1 2 1 2( ; )J TE j j j j 

 matrix 

element, 1 2, , &a bj j j j
the 

orbitals,)T)isospin , (J) total angular 

momentum. 

A typical two body matrix element 

by using the MSDI is[7, 8]: 
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  

 

2

2

(1,2)

(2 1)(2 1)

2(2 1)(1 )

1 1
0 1 ( 1)

2 2
2

1 1
1 1 ( 1)

2 2

2 ( 1) 3

a b

MSDI

a b a b JT

a b
T

ab

l l J T

b a

T

b a

j j V j j

j j
A

J

j j J

j j J

T T B C



  



   
  

   
 
         
  
          
    
 
    

where 

1 1 1 1
0 & 1

2 2 2 2
b a b aj j J j j J


 

the Clebsch-Gordan coefficients 

(CGC)[11],)T)isospin ,( AT , B, C) are 

parameters obtained by fitting to 

experimental data in the various mass 

region. 

The matrix element of Hamiltonian 

are given by[2, 10]: 

 1 1

11 1 2 1 2 1 2( ; ) 3H e e E j j j j 

     
 

where
 1 2  &e e   are single particle 

energies. 

Many theories for calculating the 

value of allowable total angular 

momentum of which, if found nucleons 

similar in the same orbit (j1 = j2) for single 

particle total angular momentum allowed 

are calculated from[10, 12]: 

   0,2,4, .. 2 1 4,J j  
 

3. Calculations and Results: 

The current study was based on the 

use of program Matlab 2016 to calculate 

the CGC and matrix elements to find the 

energy levels of configuration (hole-hole). 

3.1.Iron nucleus
 54

26 Fe
. 

The
 54

26 Fe
nucleus has 62 neutrons 

and 62protons, its neutrons fill the single 

particle state up to the magic shell closure 

at N=68 while 2 proton are less than the 

magic shell closure at Z=68. These protons 

(holes) occupy the model space 
7

2

 of
 
 
 

taking 
 56

28Ni
 as an inert core. Todescribe 

the energy levels for each of the cases 

mentioned in the above for nucleons in the 

model space
7

2

 of
 
 
  , we will be basedon 

values the single particle energy
  e  for 

proton which is[1]: 

  e
Proton = - 7.1667 MeV 

To determine of all allowable values 

of the total angular momentum and parity, 

applied the equation (4) where: 

π 0 ,2 ,4 ,6J      

By applying the equation (2) using 

MatLab 2016  we get two body  matrix 

element by using MSDI .The parameters 

values are ( AT =0.92 , B = 0.9 , C = 0 ) as 

shown in table (1)and applied  equation (3)  

using the MatLab 2016, The energy levels 

values for configuration (hole-hole) were 

calculated listed in the table (2). 

When taking the values of the energy 

levels for all allowable angular momentum 

for relative to the ground state, we were 

obtained the values of the final theoretical 

energy levels. In the table (3) comparison 

between the theoretical values and the 

experimental values of the energy levels 

with respect to ground state and shown in 

figure (1). 
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Table (1): The values of two body 

matrix element using the MSDIfor
 54

26 Fe
 

nucleus. 

J
π
 

2 2

7 7

2 2

MSDIof V of   

0
+
 -2.78 

2
+
 0.0238 

4
+
 0.4699 

6
+
 0.6856 

 

Table (2): Values of energy levels for 

configuration (hole-hole) using the MSDI 

for 
 54

26 Fe
nucleus. 

J
π
 Energy (MeV) 

0
+
 -17.1134 

2
+
 -14.3096 

4
+
 -13.8636 

6
+
 -13.6479 

 

Table (3): Comparison between 

theoretical values and experimentalvalues 

of the energy levels for the 
 54

26 Fe
nucleus 

using theMSDI relative togroundstate (-

17.1134 MeV)[13]. 

J
π
 

Energy (MeV) 

The.Res Exp.Res[14] 

0
+
 0 0 

2
+
 2.804 2.8 

4
+
 3.25 3.2 

6
+
 3.465 3.7 

 

. 

 

Figure (1): Comparison between 

theoretical values and experiment values 

for 
 54

26 Fe
nucleus. 

3.2. Nickel nucleus
 54

28Ni
. 

The nuclei 
54

28Ni
 is consist of Z=28 

and N=26 which has two holes in shell
7

2

of

 

outside close shell 
56

28Ni
for description the 

energy levels. We have the single particle 

energy 
  e which are[1]:  

  e
Neutron = -16.6431 MeV 

 

The matrix element

2 2

7 7

2 2

MSDIof V of 

 is calculate from 

equation (2) by using the parameters (AT 

=0.81, B = 0.7, C = 0.0) table (4). In order 

todetermine the value of all angular 

momentum allowableby using equation (4) 

as: 
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π 0 ,2 ,4 ,6J      

The 
54

28Ni
levels are get by equation 

(2) and (3) as shown with respect to 

ground state in table (5) with the 

experimentalvalues[14]. 

In table (6) and figure (2) 

comparison between the theoretical and 

experimental values. 

 

Table (4): The values of the matrix element 

using the MSDI for 
54

28Ni
 nucleus. 

 

J
π
 

2 2

7 7

2 2

MSDIof V of 

 

0
+
 -2.54 

2
+
 -0.0714 

4
+
 0.3213 

6
+
 0.5112 

 

Table (5): Values of energy levels for 

configuration (hole-hole) using the MSDI 

for 
54

28Ni
nucleus. 

 

J
π
 Energy (MeV) 

0
+
 -35.8263 

2
+
 -33.3577 

4
+
 -32.9650 

6
+
 -32.7751 

 

Table (6): Comparison between 

theoretical values and experimentalvalues 

of the energy levels using the MSDI for the 
54

28Ni
 nucleus withrespect to ground state  

(-35.8263MeV)[13]. 

 

J
π
 

Energy (MeV) 

The.Res Exp.Res[14] 

0
+
 0 0 

2
+
 2.468 1.39 

4
+
 2.861 2.62 

6
+
 3.051 3.07 

 

 

Figure (2): Comparison between 

theoretical values and experiment values 

for  the
 54

28Ni
 nucleus… 
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4. Discussion 

4.1. Iron nucleus 
 54

26 Fe
. 

Through table (4) and figure (1) 

we note: 

1. Theoretical value for energy level 

(2.804 MeV) is identical to the 

experimental value of energy level 

(2.8 MeV) and same value of the 

total angular momentum and parity 

(2
+
). 

2. The level value (3.25 MeV) with 

total angular momentum and parity 

(4
+
) corresponds to the 

experimental value (3.2 MeV) by 

the same total angular momentum 

and parity. 

3. The energy level was compared 

(3.465 MeV) by total angular 

momentum and parity (6
+
) with the 

experimental value (3.7 MeV)with 

the same total angular momentum 

and parity. 

4.2. Nickel nucleus
 54

28Ni
. 

From table (7) and figure (2) we can 

shown the following conclusions: 

1. Many calculated levels with their 

spin in good agreement with the 

experimental data where (2.62MeV 

and 3.07MeV) with theoretical 

values (2.861MeV and 3.051MeV). 

2. We predict the experimental energy 

level (1.39MeV) with angular 

momentum and parity (2
+
) is 

theoretical value (2.468MeV) in 

same angular momentum and 

parity. 

5. Conclusions 

By application the nuclear shell 

model using modified surface delta 

interaction to calculate energy levels for 

 54 54

26 28&Fe Ni
 found all calculate levels 

with allowable angular momentum in good 

agreement with experimental values. From 

results obtained in this work and 

experimental data show that the shell 

model by using (MSDI) is a successful 

model to describe the spectrum 

 54 54

26 28&Fe Ni
 and the agreement with 

experimental values is fairly good in 

general. The shell model calculation using 

(MSDI) is successful in an introducing the 

energy spectrum of nuclei.  
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