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Description of the nuclear double fission process within the 

framework of the ‘cold’ fissile nucleus model
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Spin distribution of double fission fragments
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Approaches to calculating moments of inertia of nuclei
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Average neutron multiplicities as a 

function of the mass of 252Cf 

spontaneous fission fragments. The 

black dots indicate the experimental 

data from [1], the red line indicates 

the estimate according to the 

FREYA model [2], and the blue line 

indicates the estimate according to 

the Grudzevich method [3]. 



Approaches to calculating moments of inertia of nuclei

Average excitation energies as a 

function of the mass of a 252Cf 

spontaneous fission fragment. Black 

dots with dashed lines indicate the 

reconstructed excitation energies 

from the data of [1], red line –

FREYA [2], blue line - the estimate 

by the method of Grudzevich [3].
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- hydrodynamic model

The hydrodynamic approach 

describes the nucleus as a drop of 

nuclear fluid in which the moments 

of inertia are determined on the 

basis of the mass distribution and 

shape of the fragments. This method 

takes into account the contribution 

of the collective motion of nuclear 

matter.
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- oscillatory potential

The oscillatory model is based on 

the representation of nuclear levels 

in the framework of the oscillatory 

potential. This approach takes into 

account quantum effects and the 

distribution of nucleons in the field 

approximated to a harmonic 

oscillator.
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- rectangular potential well

The rectangular potential model uses 

the approximation of a spherical or 

deformed potential with rigid walls. 

This method considers the motion of 

nucleons in a potential of finite 

depth, which allows us to estimate 

the contribution of shell effects.
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Schematic representation and definitions of 

various configuration coordinates of 

constituent fissile systems.
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Axially symmetric compound fissile systems



Schrödinger equation for bending - oscillations:
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Axially symmetric compound fissile systems

(On the left) The dependence of the nucleon density on r, calculated for Te-134 at 𝛽=0.549, 𝜃′ = 𝛼1, and 𝜑′ = 𝛼𝑖. The 

blue line represents the density function. Red is the result of approximating the density function at 𝜉= 0.87 and b = 0.87 

fm. (On the right) The dependence of the square of the nucleon density on r. The blue line represents the density squared 

function. Red is the result of approximating the square of the density function at 𝜉 ′= 1.30 and b' = 1.12 fm.



Axially symmetric compound fissile systems

(On the left) The dependence of the nucleon density on r, calculated for Pd-118 at 𝛽=0.914, 𝜃′ = 𝛼1, and 𝜑′ = 𝛼𝑖. The 

blue line represents the density function. Red is the result of approximating the density function at 𝜉= 0.98 and b = 0.98 

fm. (On the right) The dependence of the square of the nucleon density on r. The blue line represents the density squared 

function. Red is the result of approximating the square of the density function at 𝜉 ′= 1.54 and b' = 1.45 fm.
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Угловые распределения фрагментов деления для ( )232Th n,f
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Угловые распределения фрагментов деления для 
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( )238 U n,f

Correlation moment and correlation coefficient 



Угловые распределения фрагментов деления для 
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( )252Cf sf

Correlation moment and correlation coefficient 



Full angular distributions for the three reactions investigated
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Correlation moment and correlation coefficient 



Comparison of the angle 

dependence of the spin 

distribution for the 252Cf (sf) 

response. The solid line is the 

result of the present study, 

the short and long dashed 

lines are the first and second 

limiting cases of the Randrup 

[2] approach 
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Orbital momentum of double fission fragments
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Comparison of the distribution of orbital momentum 

of nuclear double fission fragments calculated by 

formula (5) (solid line) with similar values obtained 

with the nuclear matter density functional (NEDF), 

SkM in the case of the 252Cf nucleus

461. Bulgac A., SnAbdurrahman SnI., Godbey K., and SnplaceStetcu SnI. // Phys. Rev. Lett. 2022. 128, 022501



1. Within the framework of the «cold» nucleus model, the projection on the Z axis

vanishes and a two-dimensional spin model is implemented.

2. Using the approach developed by our group, taking into account the moments of

inertia of the fission prefragments obtained in the work of D. E. Lyubashevsky et al

2025 Chinese Phys. C49 034104 the stiffness coefficients of bending and wriggling

vibrations, as well as the frequencies of these vibrations, were evaluated. There is a

good agreement with the experimental data of Wilson, J.N., Thisse, D., et al. Nature

590, 566-570 (2021), surpassing the accuracy of descriptions of other theoretical

groups.

3. The correlation coefficients of the spins of the fission fragments were calculated, and

the estimates found reasonable agreement with experimental data from Wilson, J.N.,

and Thisse, D., et al. Nature 590, 566-570 (2021), as well as with the theoretical

predictions of the theoretical group J. Randrup and R. Vogt, Phys. Rev. Lett. 127,

062502 (2021).
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Thank you for your attention!
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