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Synthesis of superheavy elements (cold and hot fusion) 



Beyond 48Ca:    50Ti - induced  fusion reactions 



Fusion of “fission fragments”:   136Xe + 136Xe → 272108 

if  OK  then   132Sn + 176Yb → 308120 

Accelerated fission fragments 

hardly may be used  

for production of SH nuclei 





A “gap” in the upper part of the Nuclear Map 



“Blanc Spot”  on the  Nuclear Map 

fusion 

fragmentation 

(spallation) 

blank 

spot 

19 known neutron-rich isotopes  

of cesium (Z = 55)  

and only 4 of platinum (Z = 78). 



Abundance of elements in the Universe 

The 11 Greatest Unanswered Questions of Physics 

(National Research Council, NAS, USA, 2002): 
  

1. What is dark matter?   

2. What is dark energy?  

3. How were the heavy elements from iron to uranium made?  
4. Do neutrinos have mass?  

 … 

  



r-process  of  nucleosynthesis   

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



How to explore the north-east part of the nuclear map ? 



Spallation (break-off) process at high incident energies 



Multi-nucleon transfer reactions  

in  damped collisions of heavy ions 

for production of heavy neutron rich nuclei 

main idea:  to get the advantage due to:  

(1) Low collision energies 

(2) Shell effects 



Time-dependent Driving Potential 
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Simulation of experiment and cross sections 



Comparison with experiment  

(few nucleon transfer) 



Deep inelastic scattering  and  quasi-fission phenomena 



Production on new heavy nuclei in the region of N=126 

“blank spot”  

Isotope production 

with radioactive beams, 

Dasso, Pollarolo, Winther, 

PRL 1994 



Production on new heavy nuclei in the region of N=126 

in the  Xe + Pb  collisions 



Transfer reactions in damped collision of very heavy nuclei  ? 



Production of SHE along the stability line 

in low-energy collisions of actinide nuclei 



238U + 248Cm.  Primary fragments 



Production of neutron-rich SHE  

in low-energy collisions of heavy actinide nuclei 



Shell  effects in damped collisions 
160Gd + 186W 

(proposal for test experiment) 



3-cluster  configurations? 

No minimum 



3-cluster  configurations  

and ternary fission of a giant nuclear molecule 



• The low-energy multi-nucleon transfer reactions can be used for  

 the production of heavy and superheavy neutron-rich nuclei  

 located at the unexplored “north-east” area of the nuclear map. 

 

• Several tens of new neutron-rich isotopes of the elements with Z = 70 - 80  

 (also those located along the closed neutron shell  N = 126) can be produced in 

the collision of 136Xe with 208Pb with cross sections higher than one microbarn. 

 

• Superheavy neutron-rich nuclei close to the island of stability can be produced 

in low-energy damped collisions of actinide nuclei (U +Cm). 

 

• Three-body clusterization and ternary fission (U+U → Pb+Ca+Pb)  

 might be also discovered in such collisions. 

 

Summary 


