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Level density parameters and 
fission probability along fission path 



- Most of superheavy nuclei have been produced in the        
1n (cold)- 4n (hot) evaporation channels, with excitation 
energies of the compound nucleus in the ECN = 10−40 MeV.

- One of the possibilities for expanding the table of elements 
is producing new isotopes of superheavy nuclei at larger 
excitation energies  (ECN ≥ 50) MeV.

- The survival probability. 

-    Fission barrier. Fission paths. Fission threshold. 





Challenges

1 Potential energy surface
• Fission paths and saddle points
• Ground-state and saddle point masses

2 Nuclear level density model
• Pairing and shell-correction
• Energy dependent shell and pairing effects based on microscopic 
calculations in the phenomenological analysis of various channels.

3 Damping of potential energy surface
• Consistent calculation of damping of potential energy and energy
dependent thermodynamic quantities
• Variation of fission path and saddle points with excitation energy



PES: take into account all the collective variables that we know play an important 
role in the process

NLD: determine the density of states at each point of a multidimensional network in 
a fundamental way so that the available phase space determines the transition

ME; take into account the stochastical nature (Master Equation) of the process and 
give the system as much freedom as possible to choose the path

RATES
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The variation of potential energy, 
liquid-drop energy, and microscopic 
correction at zero excitation energy is 
depicted as a function of the 
deformation parameter β2 for axial (a) 
and triaxial (b) paths of fission of 
296Lv.
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T is the effective temperature, and Bi is the neutron binding energy

xn

pxn, αxn   

the average kinetic energy in the 
xn-evaporation channel









a) Axial
b) Traxial

a)
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a (U, def)=?





1. Damping Effect - Damped microscopic 
corrections lower entropy along both 
axial and triaxial paths, especially at 
higher energies.

2. Low Energy - At low energies, the GS 
has higher entropy due to excitation 
energy, but entropy decreases with 
increasing deformation towards the SP.

3. High Energy - At higher energies, the 
entropy at the GS becomes lower than 
at the SP, with damping further reducing 
GS entropy due to reduced excitation 
energy.

4. Axial vs. Triaxial - The entropy 
difference between axial and triaxial 
paths decreases with energy

Entropy





With account of the damping 
effect the axial path reaches its 
asymptotic probability faster 
than triaxial path and this effect 
increases with excitation energy.

The ratio of decay constants corresponding
to the triaxial and axial pathways.



Summary

- The analytical Jackson formula, with effective temperatures of T = 
TCN/√2 and  T = TCN/√2.25, accurately reproduces the probabilities 
of xn- and pxn/αxn-evaporation channels in moderately excited 
SHN, as calculated using the microscopic model.

-    Suppressing shell effects can alter the fission scenario depending 
on the available excitation energy. The entropy incorporates both 
energy and structural effects.

-  To study the fission barrier height / fission threshold, the cold fusion 
reactions are required.




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	a (U, def)=?
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24

