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ABSTRACT 
The nuclear energy levels for nucleus 

56
Co have been calculated within  Nuclear Shell 

Model  (N.S.M.)  using Modified Surface Delta Interaction ( MSDI ) as the residual interaction 

between  two nucleon as   finding spectra of 
50

Sc we obtain the energy levels of  the  
56

Co  

energy levels of configuration (particle-hole) in model space )10( 23

1

27 ll
pf


. 

Computer programs is apply to calculate the Clebsch-Gordan , Racah coefficient and matrix 

elements which use to get the energy levels for all allowable total angular momentum . After 

comparing the theoretical results by using (MSDI) and considering the  experimental results a 

fine identification was found between them. 
 

 الخلاصة
يستىٌاخ انطاقح انُىوٌح نُىاج تحذٌذ تى 

56
Co  تتطثٍق ًَىرج انقشرج انُىويNuclear Shell Model (NSM )

كتفاعم يتثقً تٍٍ انٍُىكهٍىٍٍَ  Modified Surface Delta Interaction    (MSDI )تاستخذاو خهذ دنتا انسطحً انًعذل 

 طٍف  وتإٌداد
50

Sc تى انحصىل عهى يستىٌاخ انطاقح نُىاج
56

Co  فدىج( فً فضاء الاًَىرج   -نهترتٍة )خسًٍح

 2/3

1

2/7 10 pf


,. 

كىردٌ , يعايلاخ راكاِ وعُصر  -ترايح  حاسىب نحساب تعض انًعايلاخ انًهًح يثم يعايم كهثش  تى استخذاو 

انُظرٌح   حانًصفىفح  انتً تذخم تشكم اساسً فً حساب يستىٌاخ انطاقح ندًٍع قٍى انزخى انزاوي انكهً . تعذ  يقارَح انُتائ

 ا تطاتق خٍذ ويقثىل تٍُهًا . تاستخذاو خهذ دنتا انسطحً انًعذل يع انُتائح انعًهٍح لأحضُ

 

Introduction  
The shell model has played an indispensable role in the study nuclear structure ,since it was 

conceived by Mayer and Jensen . The shell model several important and basic features such as the 

independence of model assumption ,the usage realistic nucleon- nucleon interaction ,and the 

common Hamilton for various types of  eigenstates  ,and for different nuclei [ 1] . the shell model  

continues to provide the main theoretical tool for understanding all properties of nuclei [2] .in this 

paper the shell model is applied by using (MSDI) to calculate the energy levels for 
56

Co
 
 nucleus 

which contain one particle and one hole outside the closed shell 
56

Ni . 
 

Theory 
     The shell model uses two principle assumption are there exists an inet core ,model of close shell 

which acts with central force on valence nucleons and there exists a residual interaction caused by 

two body fore action between the valence nucleons [3]. The shell model Hamiltonian contains the 

single particle energies two particle matrix elements describing the residual interaction between the 

particles (proton or neutron , particle or hole) . we employ  in this work the (MSDI) which is given 

by [4,5,6] : 
 

)1.........(..........))2().1(())1(())2()1((4)2,1( ''

0

' CBRrrrAV T
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Where , )1(),1(),2( rr and )2( the position vectors , 0R radius of nucleus and '

TA strength of 

interaction .  

Atypical two body matrix element of the )2,1(MSDIV is [4,7,8] : 
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Where is 0
2

1

2

1
Jjj ab    Clebsch-Gordan Coefficient [9] , T isospin , AT ,B and C are 

parameters obtain form fits to experimental data in various mass region , from such calculation one 

can obtain the empirical estimate of parameters AT ,B and C as a function of mass number A . 

The result can be summarized by the approximate evaluations [4-8]:  

 

A
BAA T

25
0                                 0C  

 

The binding energy of the nucleus with two particles outside the core in the orbit ja , jb and isospin T 

is given [4] : 
 

ba jjJ

b

J eenpEE  ),(  

 })2,1()2,1(
2

1
1,0,   TJba

MSDI

baTJba

MSDI

ba

b

J jjVjjjjVjjE  

)3.....(..........
ba jj ee   

Where 
aj

e and 
bj

e single particle energy . 

The hole-particle interaction energy in term the particle-particle matrix element which represented 

energy level is given by [10] : 
 

)4(..........).........,();()12(),( ''''1'1' jjjjEIJjjjjWJjjjjE
J JI  

 

 

Where W (               ;     ) Racah Coefficient [11], I and J angular momentum . 

We have adopt this theorem [6,7,8,10] : 

For two particle in the state 1j and 2j    )( 21 jj   allowable angular momentum values are : 

)5.(.........................,.........2,1, 21212121 jjjjjjjjJ   

 

Calculations  
     In this work ,the energy levels have been calculation for

  56
Co  : 

 The nuclei
  56

Co is consist of Z=27 and N=29 , which has one particle in shell )1( 23lp , one hole in 

shell )0( 27lf  and outside close shell 
56

Ni for description the energy levels we have the single 

particle energy which are  [10]: 
270 lfe =-9.11522Mev  and 231 lpe =-5.147485Mev In order to 

determine the values of all angular momentum allowable by using eq (5) , as : 
 5,4,3,2I          for 

 56
Co 

 5,4,3,2J          for  
50

Sc 
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The 
 56

Co levels are get by eq (3) and eq (4) , which is calculated the spacing of levels applying 

while 
 50

Sc is described as core  
48

Ca  plus one proton in the )0( 27lf  shell , one neutron in the )1( 23lp  

shell ,the matrix element TJll

MSDI

ll pfVpf ,23272327 10)2,1(10  is calculate from eq (2) by using the 

parameters A=0.55 , B=0.533 and C=0.0 table (1) . 

and shown with respect to ground state in table (2) with the experimental values [12] . By 

application the nuclear shell model using (MSDI) to calculate energy levels for nucleus 
56

Co and 

shown with respect to ground state in table (3)  with the experimental values [12]as shown in 

figure( 1 ) 
 

Results and Discussion 
From the study of  nuclear shell model  using  modified surface delta interaction  and through 

the values obtained for the energy and total angular momentum we got four values of all levels of 

energy  as the user interaction depends on parameter one is the strength of interaction and the 

chosen works match with the situation the ground state  as the reason for the emergence of some 

differences of these results we conclude from the above: 

1. Obtained a value level 1.901 MeV angular momentum and parity of 3+ and practical value that 

has been compared with the value of this level is equal to  1.58  MeV in the same angular 

momentum and parity. 

2. Angular momentum and parity 5+ got on the value of this level that    6.29  MeV compared with 

the value for which the same angular momentum and parity 

3. Identified  the value angular momentum and parity 2+ which found practically the same value   

9.7 MeV with determining the value of the total angular momentum and parity 

 

Table (1) : values of two body matrix element for 
 50

Sc by using (MSDI) 
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TJll

MSDI

ll pfVpf ,23272327 10)2,1(10 
 

2 

 

1 -0.02514159 

3 

 

1 0.8999997 

4 

 

1 0.61428564 

5 

 

1 0.8999997 

2 

 

0 -3.317143 

3 

 

0 -3.385714 

4 

 

0 -2.75714 

5 

 

0 -3.9 
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Table (2) :Comparison between theoretical values and  the experimental values  for  
50

Sc with 

respect to ground state by using (MSDI) 

     

 

 

J+ 

 

Energy (MeV) 

 

Th. Exp.[12] 

5 

 

 

0.0 0.0 

4 

 

 

6.999995 7.6 

3 

 

 

3.2432947 3.28447 

2 

 

 

2.5031056 2.56895 

 
 

 

Table (3) : Comparison between theoretical values and the experimental values for 
 56

Co by using 

(MSDI) for allowable angular momentum 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I+ 

 

Energy (MeV) 

 

Th. Exp[12] 

4 

 

 

0 0 

3 

 

 

1.901 1.5838 

2 

 

 

9.7372 9.7023 

5 

 

 

6.2961 6.30019 
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Conclusions 
   The nuclear shell model using (MSDI) to calculate energy level for nucleus 

56
Co

 
we founded all 

calculated levels with allowable angular momentum in good agreement  with experimental values 

.From our results obtained in this work and  experimental data shows that the shell model by using 

(MSDI) is a successful model to describe the energy levels for
56

Co
 
 and the agreement  with 

experimental values is fairly good in general .The shell model calculation using the Modified 

Surface Delta Interaction is successful in introducing the energy spectrum of nuclei.
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