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Abstract 

Nuclear data is a completeness that must be present in every activity related to nuclear technology. So high is the role of 

nuclear data, it is necessary to have very complete nuclear data. The need for nuclear data is not in line with the resulting 

experimental products. The amount of experimental data needs to be completed. This is because the operational costs for 

these experiments are costly. Thus, theoretical modeling calculations are inevitably the right choice to replace experimental 

results. Many theoretical models have been developed to obtain satisfactory results. They were starting from microscopic 

models to macroscopic models. A common obstacle is that microscopic models must be simplified and efficient to produce 

massive nuclear data. Meanwhile, the constraints on the macroscopic model could be more accurate. This paper will present 

a calculation that tries to produce accurate but uncomplicated and economical data. This technique uses the basic principles 

of random numbers and classical nucleon dynamics in the nucleus. At the end of the paper, the results of calculations are 

presented, which are very accurate and, at the same time, show the dynamics of the nucleons that occur. 
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INTRODUCTION1* 
 

Experimental measurements of fission yield 

are minimal, which results in the ability to evaluate 

nuclear data is still limited[1]; 14 MeV energy is an 

important energy region for high energies, as 

described in [2][3]. At this energy, the behavior of 

fission products will begin to show, leading to an 

accumulation state around the symmetric product. 

Evaluating nuclear data for nuclear fission products 

(FPY) is very important to link nuclear fission 

experimental data, microscopic or macroscopic 

theory, or modeling with nuclear applications [4]. 

Considering that the nucleon system in the 

nucleus is a model of the many-body system, the 

multi-body quantum theory is a compelling 

microscopic approach to studying and predicting the 

state of the nucleons in a nucleus undergoing fission. 

Even though the quantum theory of many objects is 

compelling, the calculation technique is very 

complicated, requiring very high computational time. 

This method is in stark contrast to the practical 

requirements of nuclear data. For this reason, a 

theoretical method with lighter computation is 
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needed. A macroscopic model has been developed, 

which is a theoretical model that utilizes surface and 

coulomb energy simultaneously to generate 

deformation potentials. Through this deformation 

potential, the probability of fission formation will be 

generated. Even though the calculation and 

computation techniques are light, this macroscopic 

method cannot show the dynamics of the nucleons in 

the nucleus when the fission process occurs. Based 

on this fact, the mic-mac method has been developed 

[5-11]. Although the mi-mac method can increase 

detailed observation of macroscopic treatments, it 

still needs to be more economical. 

Based on this, an idea about the nucleon 

dynamics model using random numbers was 

developed. Random numbers become the initiator of 

the beginning of the fission process. This random 

number initiates every fission event. The fission 

products are regulated through a nucleon dynamics 

mechanism that moves to form candidate nuclides. 

Through the random number bridge, the mic-mac 

method becomes more straightforward. Thus, this 

method proposes to calculate the fission yield 

through an economical technique that does not 
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reduce the meaning of the nucleon dynamics process 

itself. 

 

 

THE METHOD  
 

 

This method begins by introducing the 

current density of movement of nucleons in the 

nucleus to be fissioned. The following equation 

expresses this current density, 

we introduce three functions, namely "fitting 

function," "nuclide state function," and "nucleon 

state function." These three functions have nothing to 

do with the wave function, commonly known as the 

"quantum many-body problem." These three 

functions will be described in the following 

paragraphs. The boundary condition for forming the 

"Fitting function" is the continuity equation. These 

boundary conditions ensure a continuous flow of 

nucleons from one fraction to another. Thus this 

fitting method will provide a classical picture of 

nucleon dynamics during the process. 

This equation describes the nucleon 

dynamics affected by the shape of the deformed 

nucleus. According to the liquid drop model, changes 

in the shape of the nucleus's surface govern the 

movement of nucleons to form two new nucleon 

centers of mass together. 

 

 

 

 

 

 

𝐽(𝐴, 𝜉, Υ) =
ℏ

2𝐴𝑖
∫(Ψ∗(𝑞: 𝐴, 𝜉, Υ) (

𝜕

𝜕𝜉
Ψ(𝑞: 𝐴, 𝜉, Υ)) − Ψ(𝑞: 𝐴, 𝜉, Υ) (

𝜕

𝜕𝜉
Ψ∗(𝑞: 𝐴, 𝜉, Υ)))𝑑𝑞 

(1) 
 

𝑞  is the coordinate of each nucleon. A is the 

mass number of the nuclide 𝜉 is a parameter related 

to the shape of the nucleus and Ψ is wave function 

from slater determinant. 

The fitting function is built by the state 

function of the two nuclides that will fission; this 

state function is composed of the state function of 

each nucleon incorporated into certain groups within 

the candidate nuclide. The formation of groups on 

candidate nuclides looks like a slatter determinant in 

GCM[12]. However, 𝜉 in equation (1) is not a 

generator coordinate or any other collective 

coordinate [13-14]. The state function of the nucleon 

in this technique is obtained through the solution of 

the following equation, 
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1
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2

𝜎𝜈
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𝑘 (𝑞𝜈; 𝐴𝜏, 𝜉, 𝑡) 

(2) 
 

k is the index for the fission mode, 𝜏 the index 

for the resulting nuclide, 𝜈 the group index, and j the 

index for the j-th nucleon. 

𝜔𝜈,𝜏 indicates the width in the 𝜏 nuclide 

candidates, 𝜈 group. Δ𝜈,𝜏 is the distance between the 

two closest nucleons in the 𝜏 nuclide candidates 𝜈 

group. At the same time, 𝜒 is related to the shifting 

scale each time the left and right nuclides leave the 

neck breakpoint. 

Through this state function of the nucleon, 

the current density shown in equation (1) becomes, 
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𝛼 and C are the expansion coefficients from 

the following equation, 

 
Ψ = ∑ 𝐶𝐴𝜏𝐴𝜏 𝜓𝜏𝜓𝜏−1  (3) 

𝜓𝜏 = ∑ 𝛼𝑘Φ𝜏,𝑘𝑘   (4) 

 

Φ𝜏,𝑘 = ∏ ∏ 𝜙𝜏,𝜐,𝑗
𝑘

𝑗𝜐   (5) 

 

Equation (3) is an expression of the 

combination of possible state functions of the nuclide 

candidate 𝜓. In contrast, equation (4) of the state 

function of the candidate nuclide is a possible 

combination of the state functions of the fission mode 

Φ where the state function of this fission mode is 

constructed by the state function of each 𝜙 nucleon. 

Through the continuity equation obtained the 

probability density each time, 

 

𝜌(𝐴, 𝜉, 𝑡) = ∫(−
𝜕

𝜕𝜉
𝐽(𝐴, 𝜉, 𝑡)) 𝑑𝑡 (6) 

 

explicitly the expression, 
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ℏ
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∑∑∑∑

𝛼𝑘
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2

𝜎𝜈
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(7) 
 

 

Based on the scission criteria in [15]: Limit 

to which a neck-breaking event occurs, the repulsive 

Coulomb force is considerable compared to the 

attractive force due to nuclear 

interactions and due to the presence of 

surface energy, so the exchange force is neglected. 

Therefore, it can be concluded that there is no 

nucleon transfer between pre-fragmentation 

nuclides. Thus it can be assumed that the 

density around the neck 𝜉 = 0 will be constant. This 

condition results in the current density divergence 

being zero. Hence, it is reasonable 

to assume that the current density is zero at 

the point 𝜉 = 0.  

Thus the resulting fission product is 

calculated through the following equation, 

 

𝑌𝜏 = 𝐴∫𝜌(𝐴, 𝜉, Υ) 𝑑𝜉  (8) 

 

With, 

 

lim
𝑡⟶Υ

𝐽(𝐴, 𝜉 = 0, 𝑡) = 0  (8) 

 

Υ is the time when the current density 

equilibrium event is reached. 

 

 

 

RESULTS AND DISCUSSION 

 

 

The fitting process is carried out through 

seven crucial data. These seven data are shown in the 

following figure, 

 

 
Fig. 2.  The seven points that are included in the fitting 

process are represented by full black dots.  
 

In Figure 1, the experimental results were obtained 

from Pierson[16] and Kawano[17]. Pierson's 

experimental results tend to approach standard 

fission mode 2 [18], while Kawano's experimental 

results are closely related to the data for high-yield 

values. In addition to these two experimental results, 

evaluation data from JENDL was also selected [19]. 

From the experimental and evaluation data, seven 

representative points were selected. These points are 

used as boundaries to calculate equation (8). The 

placement or selection of points follows the pattern 
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of fission mode [20] standard 1, standard 2, super 

long. Furthermore, the results of this fitting lead to 

equation (4), which is to perform a superposition of 

the various possible resulting fission modes. This 

addition refers to expanding a function of the 

probabilities that may occur.  

To see the results of fitting these various 

fission modes shown in the following figure, 

 

 
Fig. 3. Contribution of each mode to the formation of 

fission yield 235U at the energy of 14 MeV. 

 

This result is obtained through iteration of 106 

times. The meaning of the number of iterations indicates 

that 106 fission events have occurred; from all of these 

fission events, the general recapitulation is then carried out 

through the function expansion pattern as described in 

equations (3), (4), and (5).  

 

The data calculated by this method is accurate 

enough to follow the JENDL-evaluated data pattern. 

Fission products demonstrate the role of the seven crucial 

points for the various fission modes involved. The 

symmetrical region almost follows the maximum fission 

yield value. The symmetrical region follows the results 

shown by Higgins experimentally [21]. Higgins showed 

that the greater the energy of the incoming neutrons, the 

higher the valleys would be. This result has been 

confirmed by previous work [22-24]. 

Referring to [25], the dash-dotted line is more 

similar to the super-long mode, while the others are similar 

to the standard 1 (dotted) and standard 2 (dashed). 

According to Brosa, super long is symmetrical fission with 

the most extended size. In contrast, standard is more 

towards antisymmetric fission with a smaller distance than 

super long. Therefore, it is evident from Fig. 3 apart from 

super long, there are also standard 1 and standard 2 

contributions, standard 2 for the asymmetric fission 

product curve, and standard 1 for the asymmetric and 

symmetric fission product curve.  

To see the effect of the number of iterations 

can be shown in the image below, 
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Fig. 4. Fission yield curves in a logarithmic scale for 235U with a neutron energy of 14 MeV, (a) Fission events 106 

times, (b) Fission events 105 times, (c) Fission events 104 times, (d) Fission events 103 times. 

 

 

 

Through the picture, it is clear that the effect 

of the number of iterations on the results of the 

calculation of the fission yield is seen. The greater the 

iteration, the smoother the curve will be. The results 

correspond to the basic concept of monte carlo.

 

CONCLUSION 
 

Based on the results described in the previous 

section, this technique has demonstrated its accuracy 

in predicting fission yield data. In addition to its 

success in demonstrating accuracy, this technique has 

also demonstrated the nucleon dynamics that occur 

during the fission process. Fission yield calculations 

refer to the situation when nucleons are no longer 

transferred from the nuclide candidates. This 

condition is a solid basis of reference, bearing in 

mind that when the liquid drop model undergoes 

fission, there is no change in density between the 

nuclide candidates that will fission. The fission 

process is a directed random event, while the fission 

modes used as boundary conditions are the drivers. 

 

Thus, using random numbers can be an 

alternative to calculating fission products without 

reducing the microscopic view of the nucleus. The 

nucleons are seen to follow their dynamics until an 

equilibrium point is reached. 
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