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Description of the nuclear double fission process within the
framework of the ‘cold’ fissile nucleus model

Vi =b Yol (B)+> by
170
where the function ‘Pl]]]{w describes the quasiparticle excited state of the nucleus, and

‘P(])]]\f (By) describes the collective deformation motion of the nucleus with excitation
energy |B,|.
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Description of the nuclear double fission process within the
framework of the ‘cold’ fissile nucleus model
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Principal scheme of the
potential V depending on the
guadrupole deformation of the
nucleus 3,. Region |
corresponds to the ground state
of the nucleus with Bgs. Il -
isomeric states, and Il - the out-
of-barrier region where the
nucleus decays into fission
fragments.



Description of the nuclear double fission process within the
framework of the ‘cold’ fissile nucleus model
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bw) = Lpw) Dy cot > < ,
2T Ly Dy, T < Ny,

where Cyw), [pw) and Awy ) are coeflicient, moment of inertia and energy of
pointing oscillations.
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Spin distribution of double fission fragments

P(ka )P(Jky ) = nlklﬁwk exp
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where the index k = w, b corresponds to the type of oscillations (wriggling or bending),
[ 1s the moment of inertia of these oscillations, the frequencies wy of the oscillations

: : ,K
are determined by the classical formulae wy = M—k
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Spin distribution of double fission fragments
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Spin distribution of double fission fragments
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Spin distribution of double fission fragments
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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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R. Walsh and J. Boldeman, Nucl. Phys. A 276, 189 (1977).
J. Randrup and R. Vogt, Phys. Rev. C 80, 024601 (2009).
O. T. Grudzevich, Probl. At. Sci. Technol. Ser: Nucl. Const. 1, 39 (2000).

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].
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Approaches to calculating moments of inertia of nuclei

35 | ]
30 . - .
[ Average excitation energies as a

95 | § function of the mass of a 252Cf
= spontaneous fission fragment. Black
Ezu 5 g dots with dashed lines indicate the
- reconstructed excitation energies

- § from the data of [1], red line —

) FREYA [2], blue line - the estimate
ol ] by the method of Grudzevich [3].
| Ll 1 1 1 L 1 l Ll T 1 T -

i i i i i i i i I i
110 120 130 140 150 160

A [u

80 90 100

1. R. Walsh and J. Boldeman, Nucl. Phys. A 276, 189 (1977).

2.J. Randrup and R. Vogt, Phys. Rev. C 80, 024601 (2009).

3. O. T. Grudzevich, Probl. At. Sci. Technol. Ser: Nucl. Const. 1, 39 (2000).

4. T. Dossing, S. Aberg, M. Albertsson, B. G. Carlsson, J. Randrup, PHYSICAL REVIEW C

12
109, 034615 (2024)].



Approaches to calculating moments of inertia of nuclei
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Approaches to calculating moments of inertia of nuclei
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Approaches to calculating moments of inertia of nuclei
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Approaches to calculating moments of inertia of nuclei
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Approaches to calculating moments of inertia of nuclei

- hydrodynamic model
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1. D. E. Lyubashevsky et al 2025 Chinese Phys. C 49 034104 .

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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Approaches to calculating moments of inertia of nuclei

- oscillatory potential

The oscillatory model is based on

J N VA the representation of nuclear levels
— = — 111 [:)L n ) + — {IJ' ( X P ) . in the framework of the oscillatory
J 0 A A 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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1. Migdal A. B. Superfluidity and the moments of inertia of nuclei //Sov. Phys. JETP. — 1960. — T. 10. — Ne. 1. — C.
176.
2. D. E. Lyubashevsky et al 2025 Chinese Phys. C 49 034104 . 18



Approaches to calculating moments of inertia of nuclei

- rectangular potential well
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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.

1. Migdal A. B. Superfluidity and the moments of inertia of nuclei //Sov. Phys. JETP. — 1960. — T. 10. — Ne. 1. — C.
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Axially symmetric compound fissile systems

R:Rmle(l——+\/7ﬂ1]+R[——+\/7,82j+d

U(R.,Bi, Qi)=Uc(R,pi ,Q:)+TUn(R,Bi Q).

Schematic representation and definitions of
various configuration coordinates of
constituent fissile systems.
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Axially symmetric compound fissile systems
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Axially symmetric compound fissile systems
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Axially symmetric compound fissile systems
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Axially symmetric compound fissile systems
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Axially symmetric compound fissile systems
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Axially symmetric compound fissile systems
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Axially symmetric compound fissile systems

e

Io(a,b)= —477f pi(p.a)p>(p.b)jo(pR)p*dp,
0
RiR, d°

&

2 4RIdR,

+ & E N (b)) o(by,by)+ & E1y(by,by)],

Uyp=CoB1 B, [€16,A (b)) (b ,by)

Ii(a,b)=— (477)2J dpp?j>(pR)p,(p.b)
0

L. b4 -d}‘l‘z'—)( r)p,(r,a),
RR gt fo J2\Pr)p,

&

~[E1EA (b)) 1o(b] b))

Us = C{JB%Bg i dRQdRL
1 2

HEEA(b)o(b1.b3) + E1£21o(b1 b)) h(a.0)= =41 | dopapRp

Xf drr?j,(pr)p,(r.b).
0

1. T. Shneidman, G. Adamian, N. Antonenko, S. Ivanova, R. Jolos, and W. Scheid, Phys. Rev. C 65, 064302 (2002);
27



Axially symmetric compound fissile systems
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Axially symmetric compound fissile systems
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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 $=0.549, 8’ = a4, and ¢’ = «a;. The
blue line represents the density function. Red is the result of approximating the density function at {= 0.87 and b = 0.87
fm. (On the right) The dependence of the square of the nucleon density on 7. The blue line represents the density squared

function. Red is the result of approximating the square of the density function at £ '=1.30 and »'=1.12 fm.



Axially symmetric compound fissile systems

12 13

(On the left) The dependence of the nucleon density on 7, calculated for Pd-118 at $=0.914, 8’ = a;, and ¢’ = «;. The
blue line represents the density function. Red is the result of approximating the density function at {= 0.98 and b = 0.98
fm. (On the right) The dependence of the square of the nucleon density on 7. The blue line represents the density squared

function. Red is the result of approximating the square of the density function at £ '=1.54 and b'=1.45 fm.
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Correlation moment and correlation coetficient
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Correlation moment and correlation coetficient

Coefficients C; j and ¢j 5, and yields
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Correlation moment and correlation coetficient

Pio(¢) = 1+ ficosg

fi=—0,264
P,(@) =1+ fycos@ + f, cos2¢

Pt

f; =—0,086 f, =0,028

1. J. Randrup and R. Vogt, Phys. Rev. Lett. 127, 062502 (2021).



Correlation moment and correlation coetficient
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Correlation moment and correlation coetficient
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Correlation moment and correlation coetficient
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Correlation moment and correlation coefficient
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1.
2.

Correlation moment and correlation coetficient
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G. Scamps; I. Abdurrahman; M. Kafker; A. Bulgac; I. Stetcu PhysRev C. 108L061602(2023).

J. Randrup, T. Dessing, and R. Vogt, Phys. Rev. C 106, 014609 (2022).

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

T (@) =225 [da [l (o) 4]0, (@)f |7(22),

D]\Jﬂ( (a) ) is the Wigner function w = (0( , ,B Y ) are BEuler angles

() is solid angle
2

>

()= (1/4)“PLYLO (@)(1+ 72y (1))
T, 7T15 Tt - parity of the parent nucleus, light and heavy fission fragment

WV I unit-normalized wave function



Orbital momentum of double fission fragments

E:—(j1+j2); é:(jl—jz);
J=—L2+G;, J=-L/2-G,
Z is relative orbital moment

(7 isrelative spin
—, 2 2
)

L :(—»1 ‘|‘~72) :(Jlx +sz)2 +(J1y +J2y)

—

G =(J,~7,) =(J,~1.) +(4, -, )



Orbital momentum of double fission fragments

P(J

Ix?

1 1 2
szaleany): eXp {(Jlx+']2x)2+(’]1y+']2y) }

7l ho, | 7l ho,

Substituting L2 and multiply by the Jacobian of the transition, we get:

_ 1 L
P(L)= 7l o, V| 7l ho,




Orbital momentum of double fission fragments

V4 2 2 00 2 2 /
P(L)= JLexp{— L }a’g/)L -2 exp{— L } L :." 2L exp{—] L }dL = ]tha)wﬁ.
0

I ho,

Wa)W

1 L 1 L 1 . | L 1

0,14 0SsC. =
252¢f rec.
0,12 e
el e searm | | Comparison of the distribution of orbital momentum
040 - SealL1(S) | of nuclear double fission fragments calculated by
’ «  SKM*(S)

formula (5) (solid line) with similar values obtained
with the nuclear matter density functional (NEDF),
SkM in the case of the 252Cf nucleus

1. Bulgac A., SnAbdurrahman Snl., Godbey K., and SnplaceStetcu Snl. // Phys. Rev. Lett. 2022. 128, 022501 46



Conclusion

1. Within the framework of the «cold» nucleus model, the projection on the Z axis
vanishes and a two-dimensional spin model i1s 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 1s 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).



Thank you for your attention!
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