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The nuclear shell model with modified surface delta interaction MSDI was used to calculate the values of energy levels of the copper 
nucleus 58Cu. The neutron and proton in the model space 1p3/2 0f5/2 1p1/2 of the copper nucleus occur outside the closed core 56Ni. This 
research investigates the excitation energy and angular momentum. As a consequence, theoretical approaches are used to uncover a 
collection between excitation energies and classical coupling angles θa,b at various orbitals. Finally, we demonstrate that our results 
are supported by experimental evidence: Excitation energies have two major functions, both of which are influenced by classical 
coupling angles but are unaffected by angular momentum I. 
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Many research have focused on nuclear isotopes, and the element copper will be discussed in this topic [1,2]. 
According to Ref [3], Martin and Breckon measured 58Cu in 1952. In the last 50 years, many approaches for the effective 
interaction of nuclei in the "s-d and f-p shells" have been presented. Using the Hamada-Johnston potential, Kuo and 
Brown estimated the effective two-body interaction in the s-d and f-p shells [4]. Richter et al. "New effective interactions 
for the 0f1p shell used experimental approaches to derive 195 two-body matrix elements and four single particle energies 
in the fp-shell, using Wildenthal's nonlinear fit general practice. [3] Talmi employed the surface delta interaction to 
determine the parameters of nuclear states on a magic core with few' nucleons'. Talmi's theory is based on the following 
assumptions: First, there is an inert core model of tight shell that works with central forces on valence nucleons; and 
second, there is 'residual interaction' between the valence nucleons that is induced by two-body forces. Schiffer [5] 
considered nuclei in which two (hole or particle) are present in addition to a closed shell. Essentially, Schiffer emphasizes 
that the general behavior of the effective interaction in terms of the angle between the interacting nucleons' angular 
momenta is a trait that was subsequently linked to the effective interaction's short-range nature [6,7]. In Ref [8] stated the 
angle between the proton and neutron angular momentum vectors ja and jb. In the mass range A =50 to 102, J. Kostensalo 
and J. Suhonen [9] calculated the characteristics pairing interaction for even-even) reference nuclei. We used modified 
surface delta interaction and surface delta interaction to investigate the excitation energies for states two-hole and two-
particle [10,11,12], one particle – one hole [13,14]. In conclusion, investigations accept the new study's purpose, primarily 
by the use of MSDI, which predicts low-lying levels structure of 58Cu nuclei. 
 

THEORY 
The Schrödinger equation has been essential steps to a particular appropriate Hamiltonian, so that a typical shell-

model of effective Hamiltonian may be stated as [11,12]. 
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 is the residual 2-body interaction, which exists in addition to the average shell-model potential, and we 

can express this as:  
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If j  is single particle energy a b c dj j V j j = ,
,

I T
ab cdV  is the matrix element [ 11,12,14]  

If the 2 particles occupy the same level, the energy relative to the closed shell is: 

 2 j a b c dH j j V j j   (3) 
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Several single-particle levels should be considered the basis for describing low-lying states; if there are two states, 
they should be indicated by IMjj ba  and IMjj dc  then their energies with respect to the core are given by 
[11,13,15] 
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To estimate the matrix element for the residual nucleon-nucleon interaction using the MSDI potential [15,16]
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where r  ̂ (a), r  ̂(b) are the position vectors of interacting particles, R0 is the nuclear radius[14] the strength of interaction 
TA .The correction term .a bB    is introduced to account for the splitting between the groups of levels with different 

isospin. Such a form of interaction is called MSDI. The antisymmetrized matrix element of IT
acdbV is given by[10,15,16] 
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where it is 1 1( ) 0
2 2I a b b ah j j j j I   

1 1( ) 1
2 2I a b a bk j j j j I ; where is the Clebsh -Gordon coefficients 

The comportment of the diagonal 2 - body matrix element as a function of the spin I ofparticle - particle) state is very 
distinctive when their value are plotted in a property way .Consider (particle – particle) in orbits aj  and bj  with 

a aI j j   one can write then [11,10,14] 

 2 2 2 2
,( ) 2 ( )cosa a a b a b a bI j j j j j j        (9) 

where ba , is the angle between the vectors aj and bj . Since the length of vector j is given by )1( jj one 
obtains from eq (10 ) in a classical picture[6,8,13,16]  
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 The I-dependence of the matrix element 
IT

abcd
V can thus be plotted as a function of the angle ba, .The radial overlaps of 

the particle orbits for light nuclei differ from those for heavy nuclei. The proton -neutron configurations correspond to 
nucleon pair having mixed isospin and one find [13,16] 
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Plotting the excitation energy of these states as a function of the corresponding angle ba,  determined as specified by 
Eq.(10). For neutron and proton in various orbits the absolute value of average two body energy is given by[10,15]: 



28
EEJP. 1 (2022) Dalal N. Hameed, Ali K. Hasan

    
0 .5

2 1 2 1I
I I

E I E I    
 

   (12) 

With EI defined by Eq. (11 ) . 
 

RESULTS AND DISCUSSION 
The main properties of nuclear structure for ground bands of 58Cu nuclei were calculated using MSDI in this paper. 

The valence nucleons of these nuclei are dispersed in model space 1p3/2, 0f5/2, 1p1/2. MSDI was used to determine the 
energy levels and classical coupling angles ba,  for( neutron-proton) in these calculations. The nuclear shell model for 
nucleus58Cu has one (neutron and proton) outside the inert core 56Ni. The nucleon's that have taken up residence in the 
model space 1p3/2, 0f5/2, 1p1/2. 

The original MSDI Hamiltonian is also modified to account for the ground state energy. Energy levels were 
obtained using the equations (4,5,6 and 8). As a result, it's discovered that the experimental value's acceptability is quite 
high. Configurations mixing between the orbits are used to include the neutron and proton contributions. 

To find energy levels, use the single particle energy .For proton particle , 𝜌1p3/2 = -0.6901MeV, 𝜌0f5/2 
=0.3381MeV, and 𝜌1p1/2 =0.4161MeV may be used; however, for state neutron particle, 𝜌1p3/2 = -10.2543MeV, 𝜌0f5/2 
=-9.4861MeV, and 𝜌1p1/2 =-9.1422MeV can be used. The use of particle energies inside the space of the 
aforementioned model, [17,18]. The angular momentum possibilities for this nucleus range from 0 to 5. 

Table 1. A comparison between a theoretical result and experimental result  excitation energies, MeV, for 58Cu nucleus by using MSDI 

I  
Energy Levels Energy 

Levels I  I  
Energy Levels Energy 

Levels I  

Exp. Res. [19] Theor. Res. Exp. Res. [19] Theor. Res. 
---- ---- 3.111 2+

4 1+ 0.0000 0.0000 1+
1 

---- 3.230 3.26 1+
5 0+ 

3+ 
1+

0.2029 
0.4436 
1.051 

  

(0+ to 4+) 3.2802 3.28 2+
5 2+ 1.427 1.43 2+

1 

----  
(7+) 
(1)+ 

3.310 
3.4210 
3.4601 

3.29 1+
6 (4+) 1.549 1.663 1+

2 

---- 3.5126 3.5111 3+
4 ---- ---- 1.79 0+

1 

---- 3.570 3.5743 5+
1 (3+) 1.647 1.8214 3+

1 

(1)+ 3.6779 3.6322 0+
2 2+  1.652 1.8723 2+

2 

  3.6356 3+
5 ---- ---- 1.9211 3+

2 

(1)+ 3.717 
3.820 

3.7645 2+
6 (5+) 2.0650 

2.070 
2.170 

 
2.249 
2.270 

2.0801 4+
1 

---- 3.890 3.9545 4+
3 ---- ---- 2.556 1+

3 

---- 4.010 4.1403 3+
6 4+ 2.690   

(7+) 4.0656 4.1823 2+
7 (4+) 

 
 
 

(5+) 
(1)+

2.7502 
2.780 

2.8152 
2.840 

2.9206 
2.949 

2.7404 2+
3 

 
(8+) 
(1)+  

 
(1)+ 

4.210 
4.4414 
4.720 
5.065 
12.034 

4.5755 2+
8 (0+ to 

4+) 
2.9309 3.0821 3+

3 

---- 12.45 12.4011 1+
7 ---- ---- 3.0834 1+

4 

(15+) 12.520 12.543 0+
3 ---- ---- 3.0911 4+

2 
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Theoretically, the energy level (1.8214, 3.0821and 3.28) MeV was uncertain at the state (3+
1, 3+

3and 2+
5) .The 

energy of the states (2+
1and 2+

2) near the experimental data. The levels 2+
3, 1+

6, 3+
4,5+

1,2+
6,4+

3 and 1+
7with practical 

energies (2.780, 3.310, 3.5126, 3.570, 3.820, 3.890 and 12.45 ) MeV ,respectively correspond to state for which the 
angular momentum and/or parity of the corresponding state are not established experimentally . 

The new energy  levels  which are expected for this nucleus in the states 0+
1, 3+

2, 1+
3, 1+

4, 4+
2 and 2+

4were not well 
established experimentally. 

The particle orbits have a low overlap in the style of the curve in Fig.1 for θa,b =90, resulting in a weak interaction. 
The orbits of (neutron- proton)interacting in opposing directions have a high overlap for θa,b =180. Because the nuclear 
force has a limited range, the contact will be strong. This interaction explains why the curves in Fig.1 (A, B and C) have 
an appositive slope for differences ranging from 180 to 90 degrees. For smaller angles, the Pauli principle expresses 
itself. The two isospin coupling metrics must be recognized for θa,b = 0.0 and. 

  

Figure 1. The relationship between classical coupling angles of an even and an odd cases, with the energy levels of all possible states 

The particle occupies a spatially symmetric particle state in the θa,b =180 scenario, which results in a significant 
negative matrix element due to the high short-range attraction. When T=1, the (neutron- proton) constitute a spatially 
antisymmetric instance, and their relative space increases when the angle is reduced to 0.0.  

The curves displayed in Fig. 1 A. may be created by plotting the excitation energy of these states as a function of 
the identical angle supplied by Eq. (10) for even states and Fig. 1 (B and C) for odd states of effective interaction 
determined from the data. Curvature is a measure of short-range attractive force. 

Table 2 shows the lowest angle corresponds to the greatest J reading .The angular momentum of the even cases 51
+ 

which represents the highest angular momentum inside model space 0f5/20f5/2 is 44.4153 degrees as seen in table 3.3 . 
The angle value is 152.3395 with angular momentum 1+

2 in model space 0f5/20f5/2 reflects the lowest angular 
momentum. The angle of 81.7867 degrees is the angular momentum of the odd states 41

+,which represents the 
maximum angular momentum. The angle value 180.0000 corresponds to the lowest angular momentum 01

+in the same 
model space. 
Table 2. According to cases of angular momentum I , all possible states of the semi-classical coupling angle value  
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CONCLUSION 

For energy levels, theoretical and experimental levels are desirable. As a result, there are much too many 
experimental excitation energies that are confirmed by calculations and new energy levels is found. As a result, MSDI 
theoretical calculations are generally consistent with experimental findings. Angler momentum's minimum values agree 
with the greatest angle. Finally, this highlights an essential fact: The MSDI is enough to show the nuclear structure of 
58Cu nuclei. 
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СТРУКТУРА РІВНІВ 58Cu З МОДИФІКОВАНОЮ ПОВЕРХНЕЮ ДЕЛЬТА-ВЗАЄМОДІЇ 
Далал Н. Хамід, Алі К. Хасан 

Фізичний факультет, Освітній Коледж для дівчат, Університет Куфи, Наджаф, Ірак 
Для розрахунку значень енергетичних рівнів ядра міді 58Cu використано модель ядерної оболонки з модифікованою 
поверхневою дельта взаємодією MSDI. Нейтрон і протон в модельному просторі 1p3/2 0f5/2 1p1/2 ядра міді зустрічаються поза 
замкнутим ядром 56Ni. У цій роботі досліджується енергія збудження та кутовий момент. Як наслідок, для виявлення 
сукупності між енергіями збудження та класичними кутами зв’язку θa,b на різних орбіталях використовуються теоретичні 
підходи. Нарешті, ми демонструємо, що наші результати підтверджуються експериментальними доказами: енергії 
збудження мають дві основні функції, на обидві з яких впливають класичні кути зв’язку, але на них не впливає кутовий 
момент I. 
Ключові слова: енергетичні рівні, модифікована поверхнева дельта взаємодія, 58Cu, класичний кут зв'язку 




