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Abstract 

The Island of Inversion is a state where the energy levels are not in a standard order. As a result, it will affect the 

calculation of several other physical quantities. One of those affected is the calculation of the radius of the nuclear 

charge. For this reason, this paper will present the analysis of the radius of the nucleus charge using the Skrme Hartree 

Fock method on a deformed nucleus. Through deformation effects, especially the quadruple effect, it is expected that the 

radius of the nuclear charge will increase. In this paper, we will present the calculation of the nucleus radius using the 

SHF deformed nucleus method and compare it with the SHF for the ground state nucleus. The calculation results show 

that this method can adequately handle the island of the inversion effect.  
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INTRODUCTION1* 
 

An island of inversion is a region of the chart 

of nuclides that contains isotopes with a non-

standard ordering of single particle levels in the 

nuclear shell model. Such an area was first 

described by spectroscopic mass measurements of 

exotic isotopes [1-3].In the shell model, a nuclide's 

energy levels are generally arranged according to a 

particular order. However, in some nuclides, there 

are anomalies. This anomaly can be seen from the 

radius of the charge. The root means square (RMS) 

value of the radius of the nuclear charge is one of 

the critical parameters used for the analysis of the 

ground state of an atomic nucleus [4-7].  

 

Various calculation techniques have been 

used to obtain the radius of the nuclear charge. They 

are divided into two main parts: statistical 

approximation techniques [8-11] and fundamental  

[12-15]. The approximation technique does not 

involve interactions between nucleons in the 

nucleus. This technique uses artificial intelligence to 

predict the value of the payload radius. Through the 

patterns learned from various physical information 

obtained, the calculation of the radius of the nuclear 

charge is carried out. These patterns are stored in a 
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database as "knowledge" [16-18]. Through this 

"knowledge," then it can be estimated the value of 

the radius of charge of a nuclide. The training 

process for this load radius generally uses "feed-

forward" [19-21]. 

 

Although the predictions of this neural 

network are excellent, they lose their physical 

meaning in the process. Thus it cannot replace the 

calculation technique that is carried out 

fundamentally. Fundamental techniques use 

microscopic methods, namely methods that depart 

from fundamental interactions on the nucleon scale. 

This interaction is known as the N-N interaction. N-

N interactions include interactions based on 

"Relativistic Mean Field-RMF" [22-24] as well as 

classical interactions [25]. The Skyrme-Hartree-

Fock method [26-28] is a method that utilizes the 

classical N-N interaction with the Skyrme 

interaction. In the Skyrme interaction, the nuclear 

shape can be either spherical or deformed. The 

choice of the nucleus shape in the nucleus skyrme 

depends on the system under review. 

 

This work provides an overview of the Shell 

Model, namely that the spherical SHF fails to 

determine the radius of the nucleus charge. This 

failure is possible due to the anomaly of energy 

levels due to deformation. Spherical SHF can only 

determine patterned energy levels and nuclides close 

to the drip line. For SHF to overcome this condition, 
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the skyrme potential must include a deformation 

factor. This deformation factor will absorb the non-

spherical potential shape to reach the island of 

inversion region. 

 

The deformation factor can insert into the 

SHF through Skyrme interactions. Since the skyrme 

interaction depends on several parameters and 

nucleon density, the deformation can be a spherical 

harmonic expansion of nucleon density. The novelty 

of this work lies in determining the spherical 

harmonic expansion, which is limited by the 

convergence of the expansion parameters. At the 

end of the paper, the results of calculating the radius 

of the nucleus charge will be presented. These data 

include experimental results, spherical SHF, and 

deformed nucleus SHF calculation results. 

 

THEORY  

 

SHF is a calculation method known for a 

long time, so much development has been done. 

One of these developments is the creation of an 

algorithm to solve SHF. This algorithm is then used 

in computer code generation. In this work, the 

computer code used is HAFOMN [29]. 

 

The Skyrme interaction is effective with 

zero-range properties and depends on density and 

momentum. The Skyrme interaction is expressed by 

the potential as follows, 
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Where is the coulomb interaction of the form, 
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This interaction involves nucleon density. 

Therefore, the Hamiltonian used is the Hamiltonian 

for the averaged field. 

 

ℎ𝑞 = 𝜕𝑟𝐵𝑞𝜕𝑟 + 𝑈𝑞  (3) 

 

While 𝑡0, 𝑡1 , 𝑡2 , 𝑡3, 𝑡4, 𝑥0 , 𝑥1 , 𝑥2 , 𝑥3 , and α are 

a set of constants called Skyrme parameters. The 

constants in the Skyrme parameters are variables 

obtained by fitting the experimental values of 

binding energy, nucleus radius, or other quantities. 

Several Skyrme parameters are obtained through the 

fitting, each of which has a specific name [30]. In 

this work, the Skyrme parameter used is 𝑍𝜎
∗ . 

Because obtained through fitting several nucleus 

variables in the ground state, These parameters were 

chosen, so they were considered to represent the 

nucleus in a form without deformation. The nucleus 

variables in the ground state are binding energy, 

diffraction radius, and spin-orbit splitting [31]. 

  

 In principle, the SHF method is a self-

consistency method, namely an iterative 

computational method. Iterative methods always 

start with an initial guess. For this reason, HFOMN 

requires an initial guess of the wave function. This 

wave function has the form, 

 

 

𝜑𝛽 =
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 Equation 4 is the wave function when the 

nucleus is in the ground state or a spherical shape. 

Even though the nuclear is a deformed system, to 

initialize the wave function, you can use the wave 

function in the ground state. This is because the 

nucleus potential is a function of the deformed 

density. This is shown in the following equation, 

 

𝜌𝑞(𝑟) = ∑ 𝜌𝑞,𝑖(𝑟)𝑃𝑖(𝜃)𝑖  (5) 

 

 For the total density using the 

expression, 

 

𝜌 = 𝜌𝑝 + 𝜌𝑛   (6) 

 

 The initial wave function from equation 

4 is then used to calculate the density, which is 

then substituted into equations 7, 8 and 9. 
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 Finally, it is substituted into equation (3). 

This equation is solved numerically using the finite 

difference method. The solution is the nucleon 

density which will then be used for the next iteration 

until the convergence conditions are reached. After 

the convergence of this density function is used to 

calculate the radius of the nuclear charge, 
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RESULTS AND DISCUSSION 
 

 

The nucleus radius obtained is shown in the 

figure below: 

 

 
Fig. 1.  Calculation results between Spherical SHF[32] and 

Deformed SHF compared with experimental data. 

While the parameters used in the skyrme potential 

are shown in table 1, 

Table 1.  Skrme Parameters 
 

Parameters Value 

t0 (MeV. Fm3)  -1987,64 

t1 (MeV. fm5) 380,92 

t2 (MeV. fm5) -109,88 

t3 (MeV. fm3) 11847,7 

x0 0,8897 

x3 1,2780 

σ 0,25 

 

In Figure 1, it is clearly shown that there is a 

striking difference between the radii of the spherical 

nucleus model and the radius of the deformation 

model. It can be said that up to atomic number 27, 

the results of spherical and deformed SHF 

calculations give very little difference. The 

similarity of these results shows that the 

deformation effect is not visible because the atomic 

number is still small. The greater the number of 

nucleons, the more repulsion and movement of 

nucleons in the nucleus. This triggers the formation 

of a deformed nucleus shape. As a result of this 

deformation, the island of inversion effect will 

appear.  

 

The energy levels of the shell model 

become disorganized when the nucleons overlap. 

This situation has an impact on the nucleus radius. 

The deformed nucleus will turn into a quadruple, 

hexaduple, and so on. For a quadruple form, the 

farthest distance from the two ends of the nucleus 

will appear. This most significant distance 

contributes significantly to the average nucleus 

radius. So in this deformed state, the radius will be 

more significant. This event can be seen in detail in 

Figure 1. 

 

 

 

CONCLUSION 
 

The ground state wave function can be used 

as the initial value of the SHF self-consistency 

algorithm. SHF, with the deformed skyrme 

interaction, can show the existence of the island of 

inversion. In addition, the deformed SHF can 

replace the spherical SHF for areas before the island 

of inversion occurs. 
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