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• Fusion reactions 

• Elements 119 and 120 are on the way. What’s the next? 

• Radioactive ion beams? 

• Filling the gap of not-yet-synthesized isotopes of SH elements (Z=106 - 116) 

• Narrow (hypothetical) pathway to the Island of Stability 

• Neutron capture process 

• Astrophysical nucleosynthesis,  SHE in cosmic rays 

• Transfer reactions 

• Shell effects in damped collisions of heavy ions ? 

• Production of new neutron rich SH nuclei in transfer reactions 

                                                                                                                                                                                         



We are still far from the Island of Stability 
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New elements 119 and 120 are coming ! 

3 



Fusion reactions with Radioactive Ion Beams  

for the production of neutron rich superheavy nuclei ? 

No chances today and in the nearest future 4 



It is important to fill the Gap in superheavy mass area 
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Predicted cross sections are high enough to perform experiments 

at available facilities just now  

experiment on 48Ca+239Pu is currently going on in Dubna…  
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Narrow pathway to the Island of Stability ? 
[VZ, A. Karpov and W. Greiner, Phys. Rev. C 85, 014608 (2012)] 
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New DC280 Cyclotron for SHE factory in Dubna 

30 kV 

ECR Source 

30 kV 

Ion Beam Separation 

100 kV 

Ion Beam Bending 
100 kV 

Platform 

DC280 

Cyclotron 
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DC280: Intensity of some typical ion beams 

20Ne 1·1014 pps 

48Ca 6·1013 pps 

50Ti 3·1013 pps 

70Zn 2,5·1013 pps 

86Kr 3·1013 pps 

100Mo 2·1012 pps 

124Sn 2·1012 pps 

136Xe 2·1013 pps 

208Pb 1·1012 pps 

238U 1·1011 pps 
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Schedule of the SHE Factory creation 
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Nucleosynthesis by neutron capture 
(search for SHE in cosmic rays !) 
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… a long history.  

Isotopes of Fm and Md were synthesized 30 years ago.  
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What is real dynamics of heavy-ion collisions ? 
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Quite satisfactory agreement with experiments on DI scattering 
(energy, angular, charge and mass distributions) 
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Good agreement with experiment on multi-nucleon transfer 
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Heavy ions 

Light ions (the model works !?) 



Production of new neutron rich heavy nuclei  

located along the last “waiting point” of astrophysical nucleosynthesis 
(VZ and W.Greiner, Phys.Rev.Lett., 101, 2008) 

17 
see the talk of Sergei Zemlyanoi 

experiment in Legnaro 

is scheduled for June 2014 



Production of superheavies in multi-nucleon transfers 

(choice of reaction is very important) 
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Shell effects:  Pb valley 
normal (symmetrizing) quasi-fission 

inverse (anti-symmetrizing) quasi-fission 
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U-like beams give us more chances 

to produce neutron rich SH nuclei in “inverse quasi-fission” reactions 

experiment is scheduled for March at GSI  (we want to see Pb+x, then Pb+Ca+Pb) 
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238U + 248Cm.  Primary fragments 
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Production of transfermium nuclei along the line of stability 

looks quite possible (only if there are shell effects!?) 

Rather wide angular distribution of reaction fragments:  

a new kind of separators is needed 

experiments on  Au+Th  and  U+Th  are currently going on in Texas (without separators)  
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Experimental evidences on “inverse” quasi-fission are needed 

the best 

surrogate 

reaction 

experiment is scheduled for May in Dubna  
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Summary 

• Elements 119 and 120 can be really synthesized in the Ti and/or Cr fusion 
reactions with cross sections of about  0.05 - 0.02 pb.  

 Perhaps they are the heaviest SH elements with T1/2 > 1 μs ? 
 

 

• The gap in SH mass area (Z=106-116) can be filled in fusion reactions of 
48Ca with lighter isotopes of actinides (239Pu, 241Am, 243Cm, …). 

 

 

• The narrow pathway to the island of stability probably exists  !? 
  

 

• Search for long-living SH nuclei in cosmic rays is worth-while.  

      Relative yield of SH / Pb in astrophysical r process is about 10-12.  
 

 

• Multi-nucleon transfer reactions can be really used for synthesis of  

     neutron enriched long-living SH nuclei located along the beta-stability line.  

 U-like beams are needed as well as new kind of separators. 

 

• Shell effects in production of trans-target nuclei (inverse quasi-fission) 
should be proved experimentally at last. 
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