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Low-energy collisions of HI and “nucleon rearrangement”



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 (< ψi(ri)| ψk(rk)>). 

Wave functions of valence nucleons follow the two-

center molecular states spreading over both nuclei.

→

Two-Center Shell Model and 

Adiabatic Potential Energy Surface

are appropriate for description

of such processes.



Time-dependent Driving Potential



Time-dependent Driving Potential



System  of  coupled  Langevin type  Equations  of  Motion



Simulation of experiment and cross sections



86Kr + 166Er collision at  E
c.m.

= 464 MeV ( Coulomb barrier = 260 MeV )



Time analysis



48Ca + 248Cm  collisions  at  Ecm = 203 MeV (Shell effects)



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



238U + 248Cm.  Energy and angular distributions



238U + 248Cm.  Excitation energies and survival probability



Production of neutron-rich SHE 

in low-energy collisions of heavy actinide nuclei



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



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



• Transport dynamical model based on Langevin-type equations of motion 
and time-dependent driving potential (8 degrees of freedom) seems to be 
appropriate for description of low-energy heavy ion collisions (including 
those with large mass and charge rearrangement). 

• SH neutron-rich nuclei close to the island of stability can be produced in 
low-energy collisions of actinides (U + Cm like).

• Near-barrier collisions of heavy ions (Xe+Pb like) allow us to fill and explore 
also the north-east area of the nuclear map (important for astrophysical 
investigations).

• New kind of separators (and/or new experimental methods) are needed to 
perform such experiments.

Summary



Excitation functions for production of SHE in collisions of actinides



Production on new heavy nuclei in the  Xe + Pb collisions



Comparison with experiment on multi-nucleon transfer



Deep inelastic scattering  and  quasi-fission phenomena



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



Synthesis of Synthesis of superheavysuperheavy elementselements ((cold and hot fusioncold and hot fusion))



We are still far from the line of stabilityWe are still far from the line of stability



““Cold” synthesis of SHECold” synthesis of SHE



““Cold” and “Hot”  synthesis of SHECold” and “Hot”  synthesis of SHE



Beyond Beyond 4848Ca:   How much Ca:   How much 5050Ti is worse ?Ti is worse ?



Beyond Beyond 4848Ca:   Ca:   5050Ti Ti -- induced  fusion reactionsinduced  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



Radioactive Ion Beams Radioactive Ion Beams 

for the production of neutron rich for the production of neutron rich superheavysuperheavy nucleinuclei


