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Outline:  

• New elements & reaction mechanism

• Capture - deformation & orientation of HI

• Fusion - stochastic nature & centrifugal effect

• Survival - fission barrier & density of states.









Attempts of going beyond the reactions Act. + 
48Ca by using heavier projectiles like 50Ti,   54Cr,   
58Fe, and  64Ni gave no results so far.

All heavier actinides with Z>98  live to short 
that one could perform target with them.

Produced nuclei lies
belong to the far
“island of stability” of
superheavy
elements.

To produce more & more heavier nuclei the
mass and charge of projectile should be
increased but it pulls an increase of the
Coulomb repulsion what drastically reduces
the cross sections.

There is no link 
between cold  
& hot 
scenarios. 

BUT



the overarching goal of the models is:

to determine the most appropriate projectile-target 
combination 

to predict the optimal bombardment energy in the entrance
channel at which the production cross-section is the most 
significant 

to explain the fusion process in heavy-ion collisions 
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Fig from Jurij Oganiesian

Fig from Valeri Zagrebaev

https://pl.wikipedia.org/wiki/Jurij_Oganiesian
https://pl.wikipedia.org/wiki/Jurij_Oganiesian
http://nrv.jinr.ru/zagrebaev/
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Capture 







Electrostatic Interaction



Nuclear Interaction



Entrance barrier parameters



Entrance barrier parameters
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Basic assumptions:

 After the capture stage, the internal mass asymmetrical conditional saddle point - the fusion 
barrier - must be overcome by the system.

 The stochastic nature of the fusion process is accompanied by dissipation of energy and 
angular momentum. 

 All nucleons are transformed from projectile to the target by a diffusion process.

Di - Nuclear - System - master equation
G.G. Adamian, N.V. Antonenko, Eur. Phys. J. A (2022).

Fusion - By - Diffusion - Smoluchowski equation
W. J. Świątecki, K. Siwek-Wilczyńska, and J. Wilczyński
Phys. Rev. C 71, 014602 (2005).



Experimental studies of the competition between fusion and quasifission in the formation 
of heavy and superheavy nuclei, D.J. Hinde, M. Dasgupta, E.C. Simpson, Progress in 
Particle and Nuclear Physics, Volume 118, May 2021, 103856.

https://www.sciencedirect.com/journal/progress-in-particle-and-nuclear-physics
https://www.sciencedirect.com/journal/progress-in-particle-and-nuclear-physics/vol/118/suppl/C
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