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 Fission yields are compulsory data on the development of nuclear technology. 

Therefore, it is necessary to provide complete data. However, the expected 

experimental data encompass only a tiny fraction of various nuclides; not even 

all nuclides have fission product data. JENDL and ENDF are databases that have 

completed the experimental data. These databases were obtained through the 

process of evaluating experimental data. The evaluation technique used includes 

the results of theoretical research that has been carried out. Fission Toy Model 

(FTM) is a fission model proposed to complement the preexisting ones. Each 

model has advantages and disadvantages. The advantage of the FTM model is 

that it uses stochastic principle in its calculations.This research aims to obtain a 

fission barrier through the FTM. The work is related to calculating the fission 

barrier using the random nature of nucleon position. The calculation technique is 

basically to take advantage of the random nature of the nucleon position to 

calculate the Coulomb energy. Then, by calculating several essential points, a 

data set was obtained that can be used to produce a curve that relates the 

Coulomb energy to the mass number and the atomic number of a nuclide.The 

success of this research is indicated by the calculation results that are close to the 

experimental value compared to other methods. 
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INTRODUCTION 

Fission yield is a part of nuclear data needed 

to figure out the fission product from a nuclear 

fission reaction [1]. A theoretical approach is 

dispensable to obtain complete fission yield         

data. These methods are semi-empirical [2-4], 

microscopic [5], or macroscopic [6,7]. In addition to 

the methodology, there are two types of step to gain 

the fission yield, namely fission barrier [8] and 

direct calculation without going through the fission 

barrier [9]. Although the calculations of fission 

barrier have long been carried out [10-12], none of 

them were related to the utilization of the nucleon 

distribution when the fission process takes place. As 

an example of a recent study, Khuyagbaatar [13] has 

succeeded in calculating the fission barrier using 

semi-empirical predictions. Then, C. Ling [14] used 
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density functional theory, while Z. Chai [15] applied 

multi-dimensional surface energy to get the triaxial 

effect on the fission barrier. Those three examples 

are sufficient to provide evidence that research on 

the calculation of the fission barrier from these 

various aspects has not touched the stochastic aspect 

of the position of nucleons in space. 

To observe how far the development of 

research on fission using stochastic properties began 

62 years ago, Whetstone [16] demonstrated the 

random nature of nuclear fission events. Referring to 

these results, various fission models that use random 

numbers appeared. For example, random neck 

rupture model was introduced by Brosa [17].        

This model describes the nuclear rupture process as 

an arbitrary event. Later in 1965, Ramanna [18] 

demonstrated fission of nuclei as a Markov process. 

Ramanna describes the formation of fissionable 

nuclides as a probability matrix. Brosa and 

Ramannause random numbers in a macroscopic 

view of nuclear fission. As for the microscopic,        
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it was shown by Marshalek [19] in 1969. F. Minato  

[20] assigned random properties to the Hamiltonian 

while the fission barrier still used the usual steps. 

Bland et al. in 2021 [21] put the stochastic aspect in 

determining thesurface energy through the random 

walk principle. This surface energy is then combined 

with coulomb energy into deformation energy. 

Finally, in 2021, a dissertation explicitly discussed 

the application of random walk in fission and fusion 

processes [22]. From these references, it can be 

concluded that there is still a gap in applying the 

random nature of the nucleon position to the 

calculation of the fission barrier. 

Based on these references, there are three 

rationales for the formation of fission toy model. 

The first reason is that fission products cannot be 

determined with certainty but can be approximated 

with probability. Second, the expected value of the 

fission product can be developed from the 

probability value by the number of events that occur. 

Lastly, the random location of the nucleons causes 

the termination of the neck to be aimless as well. 

The position of these nucleons can represent both 

microscopic and macroscopic views simultaneously. 

Fission toy model is a method that includes 

the distribution of nucleons as a major component in 

a fission event [23,24]. This model uses random 

numbers for all physical quantities that are owned by 

a fission process. 

There is an open opportunity for research on 

nuclear mass fragments, that is replacing the 

Coulomb interactions between two candidate 

nuclides [25] with direct interactions between 

nucleons. The location of the nucleons is determined 

randomly through a horizontal distribution function. 

The advantage of this technique is that the 

model can produce the peak of the fission barrier 

curve and can describe the nucleons distribution 

during fission process simultaneously. The word 

"toy" is taken from the parable of nucleons as 

marbles and random numbers as fission generators. 

A certain random number produces a fission event. 

In this model, the random number acts as the 

initiator of a corresponding quantity.  

In summary, this work includes generating 

random numbers for many existing nucleons; then, 

these numbers were used to determine the position 

of the nucleons in calculating the Coulomb energy. 

After obtaining the Coulomb energy, it was 

proceeded with the calculation of the surface energy. 

This surface energy was obtained through the 

surface curve of the shape of the nucleus droplets. 

The main droplet surface parameter is the parameter 

related to the droplet neck. This situation happens 

because the neck-breaking event occurs when the 

droplet neck shrinks to a specific size. The shrinking 

of the neck is due to the enlargement of the earlier 

parameters. One time the evolution of droplet shape 

is a period of the parameter change from small to 

large. Because this one evolution is quite time-

consuming, to simplify computations, calculations 

have been carried out for several nuclides and 

several deformation points. These points were used 

to perform curve-fitting to obtain a function that 

relates the Coulomb energy and surface energy to 

the atomic number and mass number. In the end, a 

curve will be obtained that corresponds to the 

deformation energy to the atomic number and mass 

number of a nuclide. As for the microscopic aspects, 

it was ignored in this study. Therefore, the shell 

correction [26] was not included in the calculation of 

the deformation energy. The consequence of 

neglecting shell correction is that nuclear 

interactions were not involved. 

Through the explanation above, it can be 

concluded that this research aims to obtain a new 

method that can reduce computational time and 

observe what happens when a fission event takes 

place. Reduced computational time means speeding 

up calculations, while knowing in detail what 

happened means gathering a more complete 

information to make predictions when another 

nuclear reaction event occurs. 

 

 
METHODOLOGY 

The methodology was divided into three 

stages: particle treatment in the fission toy        

model, droplet selection, and calculation of 

Coulomb energy. 

The first step was to treat the nucleons as 

particles in the fission toy model. Basically, it is a 

model that treats nucleons as if they were very hard 

ball-shaped marbles so that collisions between 

nucleons do not reduce their kinetic energy. In 

addition, there is no interaction between these 

nucleons, and the random nucleon positions follow 

the given pattern. In addition to applying the fission 

toy model to the nucleon position, it should also be 

applied to the shape of the nucleus' surface 

undergoing fission. However, this was ignored to see 

the contribution of the fission toy model to the 

determination of Coulomb energy. As a result, the 

use of surface evolution only made use of the long-

known forms of droplet evolution. 

The next step in this calculation began with 

determining the shape of the droplet. For the droplet 

shape evolution, the existing evolutionary model 

was still used, namely using the parameters          

that were first proposed by Jr Nix and other 

references [27-31].  
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The form was then re-expressed in the form of 
a Legendre polynomial expansion [32]. In this work, 
improvisation of the nuclear radius has been carried 
out. The improvisation was done to explicitly place 
the first term of the polynomial Legendre (n = 0)     
and limit the expansion to only order n = 2.           
The limitation was intended so that the nucleus is 
maintained in a quadrupole condition. Meanwhile, 
adding n = 0 was done so that the parameterization 
for quadrupole is more than one. Thus, the nuclear 
radius is expressed in Eqs. (1-3). 
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where the above equations are the main equations 

used to calculate surface energy, Esurf  in Eq. (4). 
 

       ∫   ( )√  
      (4) 

where, 

     (      ( )       (  )
       ( )   

 ( ))   

     (     ( )       (  )   

      (  )   ( )       
 ( ))   

        (        (  
  

 
)
 

)        

  ,    and    are all Legendre polynomial 
expansion coefficients.    and    are parameters 
that give the shape of a droplet, while    is a 
parameter that affects the thickness of the neck   
when fission occurs. Increasing the value of    
causes the droplet neck thickness to decrease.           
If    and   are zero,  then the nucleus will be 
spherical. Through the numerical fitting method,     
the values of   and   were found to be 0.97777    
and 0.4886, respectively.  

  is polar angle in spherical coordinate and    
is the normalization factor for the nucleus        
radius. This normalization factor serves as a limiter 
so that the nucleus density is always constant.      
The    parameter is the radius parameter which has a 
value of 1.5 fm.   acts as the mass number of         
the nucleus which undergoes the fission process. 

The last step, after the surface energy was 

obtained, it is only necessary to calculate the 

Coulomb energy to obtain deformation energy. 

Thereby, at the stage of calculating the Coulomb 

energy, lies the novelty of this research, that is a 

technique that utilizes the fission toy model 

especially the stochastic properties of the position of 

the nucleon space. The distribution of random 

numbers is shown in Eqs. (5a-5b). 
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The gamma distribution function generator is 

symbolized by        , while the flat distribution 

functions by        .Through this distribution, we 

have succeeded in obtaining the distribution of 

nucleons during the fission process, which is isotropic 

in the X-Y plane direction and converges on the 

candidate nuclides at a central mass point to become 

fission products. This result is the success of this 

research that previous studies have not already shown. 

Based on these coordinates, the value of       

the Coulomb energy      ws calculated, as shown     

in Eq. (6). 

       ∑ ∑
 

   
     (6) 

with, 

   
  (     )

 
 (     )

 
 (     )

 
 

 

All the steps outlined above were repeated for 

the next    value.  

To reduce the computing time, the long-time 

calculation can be solved by curve-fitting from the 

previous 106 iteration data.  
 

 

RESULTS AND DISCUSSION 

Equations (7-8) are the results of the curve-

fitting for Coulomb energy and surface energy 

respectively. 
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The two equations above can be said formally 

as equations that connect between A,Z and a_2,    

with Coulomb energy and surface energy through 

fission toy model. 

To see the reliability of these two equations, 

fission toy model was used to perform fission barrier 

height calculations for nine nuclides. The reason for 

the selection of the nine nuclides is simply due to the 

data availability [33]. 

Fission barrier heights for nine nuclides 

obtained through experiments and other calculations 

are compared with this work. In Fig. 1, it is shown 

that for seven nuclides (Ra, Ac, Th, Pa, U, Np,     

and Pu), the fission toy model calculations results 

are still within the range of the experimental results 

and other model calculations. However, for Am and 

Cm, there is a significant difference. The results of 

fission toy model calculations for these nuclides are 

beyond the range of the other results. The values of 

fission barrier heights Am and Cm tend to be smaller 

than the other data. 

This lower calculation result is possible due to 

several factors, such as protons accumulating in the 

neck area during deformation, skin correction is not 

involved, and the surface energy being too small. 

From the first factor, with the tendency of protons to 

gather in the neck, the Coulomb energy becomes 

very large; as a result, the deformation energy 

decreases. Therefore, the Coulomb energy should be 

corrected for a small distance to overcome 

decreasing energy problem. Thus, the potential 

barrier peak value may be higher if the Coulomb 

energy is corrected lower. In the fission toy model, 

this correction can be done by changing the proton 

distribution function; the function is separated from 

the neutron distribution function. In other words, 

there need to be a correction of the random number 

distribution function, which is the coordinates of the 

proton positions. 

After that, a shell correction is needed.       

This correction is essential considering that the 

fission toy model considers fission events as a 

classical system, which is a system that has 

continuous energy. The last factor is to improve the 

droplet model. The droplet shape must be changed 

from the Legendre polynomial to a fourth-order 

polynomial around the neck. With this fourth-order 

polynomial, the neck becomes more sloping. 

According to the fission toy model, the sloping 

shape will reduce the chances of the nucleons being 

in the neck.Further analysis is needed to be able to 

correctly answer the problem of the low peak height 

of the curves for these two nuclides. 

 
 
 

 
 
 

 

 

 
 

Fig. 1. Fission Barrier height for nine isotopes       

obtained through experiments and other calculations         

as a comparison, namely EFTSI [34],                     

FRLDM [35] and Koura. 
 

 

CONCLUSION 

Based on the obtained results and the     

analysis that has been carried out, two important 

conclusions can be drawn. First, the fission toy 

model can be a technique that can generate      

heights from potential barrier peaks through the 

application of the stochastic principle to the position 

of nucleons in the space. Second, although it still 

looks rough, the fission toy model manages to 

provide a glimpse of how the nucleons spread    

during the fission process. This second conclusion 

can make a significant contribution to the     

previous models. 
 

 

ACKNOWLEDGMENT 

This research is fully supported by 

Kemendikbudristek fiscal year 2020-2021.  

Exp (Outer) 

Koura 

ETFSI 

FRLDM 

Exp (Iner) 

This Work 

Ra Ac Th 

Pa U Np 

Pu Am Cm 

B
a

rr
ie

r 
H

e
ig

h
t 

(M
e

V
) 

 

B
a

rr
ie

r 
H

e
ig

h
t 

(M
e

V
) 

B
a

rr
ie

r 
H

e
ig

h
t 

(M
e

V
) 

 

A:225 - 228 A:226 - 228 A:231 - 233 

A:230 - 234 A:231 - 238 A:236 - 238 

A:237 - 245 A:239 - 244 A:241 - 248 

10 

9 

8 

7 

6 

5 

4 

3 

2 

10 

9 

8 

7 

6 

5 

4 

3 

2 

10 

9 

8 

7 

6 

5 

4 

3 

2 

18 



R. Kurniadi et al. / Atom Indonesia Vol. 48 No. 1 (2022) 15 - 19 

 

 

AUTHOR CONTRIBUTION 

R. Kurniadi contributed to the design of the 

calculation model, while the author Z. Suud 

contributed to the model validation and Y. S. Perkasa 

was responsible for the computational process.      

All authors read and approved the final version       

of the paper. 

 

 

REFERENCES 

1. J. Lee, C-S. Gil, Y-O Lee et al., Eur. Phys. J. A. 

54 (2018) 173. 

2. H. Moriyama and T. Ohnishi, Technical 

Reports of the Institute of Atomic Energy 166 

(1974) 1. 

3. J. Lee, Y.O. Lee, T. S Park et al., J. Korean 

Phys. Soc. 77 (2020) 1082. 

4. A. C. Wahl, Notes on Development of Models 

for Systeinatic Trends in Fission-Product Yields 

from High and Low Energy Fission Reactions, 

presented at the 1999 CRP Mtg, IAEA (1999). 

5. J.-F. Lemaître, S. Goriely, S. Hilaire et al., 

Phys. Rev. C. 99 (2019) 034612. 

6. L. S. Danu, D. C. Biswas, B. K. Nayak et al., 

Fission Yield Calculations for 
238

U(
18

O,f), 

Proceedings of the DAE Symp. on Nucl. Phys. 

63 (2018) 558. 

7. Y. K. Gupta, D. C. Biswas, O. Serot et al., 

Phys. Rev. C. 96 (2017) 014608. 

8. M. Bolsterli, E. O. Fiset, J. R. Nix et al., Phys. 

Rev. C. 5 (1972) 1050. 

9. O. Litaize, O. Serot and L. Berge et al., Eur. 

Phys. J. A. 51 (2015) 177. 

10. P. Möller, S. G. Nilsson and J. R. Nix, Nucl. 

Phys. A. 229 (1974) 292. 

11. S. Bjornholm and J. E. Lynn, Rev. Mod. Phys. 

52 (1980) 725. 

12. H. C. Manjunatha, Indian J. Phys. 92 (2018) 

507.  

13. J. Khuyagbaatar, Nucl. Phys. A. 1002 (2020) 

121958. 

14. C. Ling, C. Zhou and Y. Shi, Eur. Phys. J. A. 

56 (2020) 180. 

15. Q. Z. Chai, W. J. Zhao, M. L. Liu et al., Chin. 

Phys. C. 42 (2018) 054101. 

16. S. L. Whetstone, Phys. Rev. 114 (1959) 581. 

17. U. Brosa and S. Grossmann, J. Phys. G: Nucl. 

Phys. 10 (1984) 933. 

18. Ramanna, R. Suramanian and R. N. Aiyer, 

Nucl. Phys. 67 (1965) 529. 

19. E. R. Marshalek and J. Weneser, Ann. Phys. 53 

(1969) 569. 

20. F. Minato, T. Marketin and N. Paar, Phys. Rev. 

C. 104 (2021) 044321. 

21. B. M. A. Swinton-Bland, M. A. Stoyer, A. C. Berriman 

et al., Phys. Rev. C. 102 (2020) 054611. 

22. M. Albertsson, Nuclear Fission and Fusion in A 

Random-Walk Model, Thesis for the Degree of 

Doctor of Philosophy in Engineering, Lund 

University (2021). 

23. R. Kurniadi, Res. Phys. 11 (2018) 651. 

24. R. Kurniadi, S. Viridi and A. Waris, J. Appl. 

Phys. Sci. Int. 2 (2015) 120. 

25. G. Royer, J. Jahan and N. Mokus, Phys. Scr. 93 

(2018) 094004. 

26. Z. M. Niu and H. Z. Liang, Phys. Lett. B. 778 

(2018) 48. 

27. R. D. Present and J. K. Knipp, Phys. Rev. 57 

(1940) 1188. 

28. R. D. Present, F. Reines and J. K. Knipp, Phys. 

Rev. 70 (1946) 557. 

29. D. L. Hill and J. A. Wheeler, Phys. Rev. 89 

(1953) 1102. 

30. W. J. Swiatecki, Phys. Rev. 101 (1956) 651. 

31. J. R. Nix, Ann. Phys. 41 (1967) 52. 

32. D. E. Ward, B. G. Carlsson, T. Døssing et al., 

Phys. Rev. C. 95 (2017) 024618. 

33. H. Koura, Prog. Theor. Exp. Phys. 2014 (2014) 

113D02. 

34. A. Mamdouh, J. M. Pearson, M. Rayet et al., 

Nucl. Phys. A. 679 (2001) 337. 

35. P. Moller, A. J. Sierk, T. Ichikawa et al., Phys. 

Rev. C. 79 (2009) 064304. 

 

19 


