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Dependence of average values of fragment spins 
on the fragment mass number in [1] for 232Th(n,f)
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Dependence of average values of fragment spins 
on the fragment mass number in [1] for 252Cf(sf)
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The formula for calculating the fragment spin in [1] 
is based on the Gibbs distribution:
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If we assume that the excitation energy of the nucleus 
is proportional to the mass number from the nucleus 
neck, we obtain the final parameterization:
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Determination of fragment spins [2-5]:
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Distribution for wriggling- and bending- oscillations [6] 
taking into account the establishment of thermal 
equilibrium of the fissile system with the environment:
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0,85 1,15MeV,T  −
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and frequencies of 
wriggling oscillations for the indicated nuclei

2,3 MeVw  which leads to a contradiction.

Therefore, in our approach the lower 
approximation will be realized

The upper limit is realized at 

However
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Distribution for the angle between the fragment spins 
in the case of                fission
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Correlations of angles between the spins of fragments

252Cf(sf)
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Distribution of spins of light and heavy         
fragments for  
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Distribution for the angle between the spins of 
the fragment in the case of fission
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Cold nuclear spontaneous and low-
energy induced fission
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Deformation potential based on the liquid drop model 
of the nucleus taking into account shell corrections



Transverse oscillations

Bending-oscillations Wriggling-oscillations
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For the considered spontaneous and low-energy 
induced fission, the fissile nucleus and the emitting 
fragments must be only in cold nonequilibrium 
states[10]
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Moment of inertia of wriggling-oscillations[5]:

Moment of inertia of bending-oscillations[11]:
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Relation of spins of wriggling and bending vibrations 
with projections of spins of fission fragments on X 
and Y axes perpendicular to the symmetry axis of the 
fission nucleus Z



Let us express the projections of spins of wriggling-
and bending-oscillations
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The probability distribution of the spins of two 
independent oscillations can be represented as a 
product of the distributions of these oscillations: 
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Let's pass to distribution on projections of spins of 
the first and second fragments
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Passing to polar coordinates, we obtain the distribution:
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where

is angle between the fragments
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Integrating by projections to the spins of the second 
fragment and passing to polar coordinates, we obtain 
the distribution for the first fission fragment (a similar 
distribution can be obtained for the second fragment):
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From P(J1) and P(J2), a convenient expression for 
calculating the average value of the fragment spin 
can be obtained: 
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Average values of spins of binary fission fragments 
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Comparison with the results of [3]. The solid line is 
the distribution within the framework of the present 
work; the dashed line is the distribution within the 
framework of [3] for 
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Conclusions

• Spin distributions of spontaneous and low-energy 
binary fission fragments are obtained;

• Theoretical provisions are taken into account: 
coldness of the fissile nucleus at the scission point; 
consideration of zero transverse bending- and 
wriggling-oscillations of the nucleus; appearance of 
large relative orbital moments of the fissile nucleus 
system; accounting of the total momentum of 
motion conservation law;
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Conclusions

• The use of the momentum distributions allowed us 
to move from the generalized temperature 
parameter to the frequencies of wriggling- and 
bending-oscillations;

• This work established a weak angular correlation 
between the spins of the fission fragments (< 10%);

• The moments of inertia of the fission fragments were 
calculated within the framework of the liquid drop 
model of the nucleus.
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Thank you for your attention!
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