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Unexplored “north-east” region of the Nuclear Map 

fusion 

fragmentation 

19 known neutron-rich isotopes  

of cesium (Z = 55)  

and only 4 of platinum (Z = 78). 



Great progress in synthesis of superheavy nuclei. End of 48Ca epoch 



Beyond 48Ca:    50Ti and 54Cr induced  fusion reactions 



Upper part  

of Nuclear Map 
(A. Karpov, 2011) 



 (1) Neutron rich (radioactive) ion beams 

 

(2) Multi-nucleon transfer reactions  

      in  low-energy  heavy ion collisions 

 

                         and 

 

(3) Neutron capture processes (?) 



Low-energy Radioactive Ion Beams for production  

of neutron rich superheavy nuclei ? 

No chances in nearest future ! 



Multi-nucleon transfer: choice of reaction 



Which beams are better ? 

Only beams of very heavy (U-like) ions 

give us a chance to produce neutron rich 

superheavy nuclei in transfer reactions. 



238U + 248Cm.  Primary fragments 



238U + 248Cm.  Excitation energies and survival probability 



Isotopic yield of SHE in collisions of heavy actinide nuclei 



How much is a role of the shell  effects in damped collisions ? 
160Gd + 186W 

(proposal for a new experiment) 



Nucleogenesis in reactors 

and in nuclear explosions 



Rapid neutron capture in nuclear explosions 

How much will increase the yield of superheavies 

in multiple (one by one) nuclear explosions ? 



Multiple nuclear explosions 
(do not laugh and do not worry: it’s a toy model ) 

Probability for formation of element 112  

increases by 90 orders of magnitude ! 



Next generation of  Pulsed  Reactors: We need factor 103 ! 



Alexander Karpov  (JINR, Dubna) 

Igor Mishustin   (FIAS, Frankfurt) 

Walter Greiner   (FIAS, Frankfurt)  

Summary 

my collaborators: 

• Elements 119 and 120 are reachable in the Ti and/or Cr fusion reactions  

 at the level of 0.02 pb  (probably they are the last SH elements with T1/2 > 1 ms) 

 

• Multi-nucleon transfer reactions are to be used for synthesis  

 of neutron rich long-living SH nuclei (uranium beam is needed) 

 

• A macroscopic amount of the long-living SH nuclei  

 located at the island of stability may be really produced  

 in the multiple (rather “soft”) nuclear explosions 

 

• This goal could be also reached by the use of 

 pulsed nuclear reactors of next generation 

JINR (Dubna)                                                                                                                       FIAS (Frankfurt) 



Nuclear Map   (last version, 2011 г.)  



All nuclei 
(А. Кarpov, 2011) 



Synthesis of new elements (history) 



Nucleon  Exchange 
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Simulation of experiment and cross sections 



Production on NEW heavy nuclei in the region of N=126 
( Zagrebaev and Greiner, Phys. Rev. Lett., 2008 ) 

“blank spot”  



Production on new heavy nuclei in the  Xe + Pb  collisions 



Beyond 48Ca:   How much  is  50Ti  worse? 



120:  Choice of reaction 



What is behavior of valence nucleons  

at near-barrier collisions of HI ?  

Time-dependent Schrödinger equation shows that at 

low-energy collisions nucleons do not “jump” from 

one nucleus to another (<yi(ri)|yk(rk)>).  

Wave functions of valence nucleons follow the two-

center molecular states spreading over both nuclei. 

→ 

Two-Center Shell Model  +  

Adiabatic Potential Energy Surface +  

Transport (Langevin type) Equations of Motion  
are appropriate for description 

of low-energy multi-nucleon transfer 



Most probable way of evolution of the giant nuclear system 



Pulsed  reactors:  Bypassing the gaps of instability 



r-process  of  nucleosynthesis   

and  the neutron closed shell in the region of N ~ 126 


