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History  

Theory: 

  

• Takigawa and Sagawa, Phys.Lett. 1991: 11Li+208Pb, “halo, soft dipole mode” - enhancement 

• Hussein et al, Phys.Rev. 1992: 11Li+208Pb, “break-up” – suppression 

• Dasso and Vitturi, Phys.Rev. 1994: 11Li+208Pb,  “both” – enhancement 

• Hagino et al., Phys.Rev. 2000:  11Be+208Pb, “break-up” – enhancement 

• Nakatsukasa et al., Fusion-2006: fusion suppression for neutron-halo nuclei 

Experiment: 

 

• Fomichev et al.,  Z.Phys. 1995: 6He+209Bi, enhancement ? 
 

• Kolata et al.,  Phys.Rev. Lett. 1998: 6He+209Bi, enhancement ! 

  

• Trotta, Sida, Alamanos et al., Phys.Rev.Lett. 2000: 6He+238U, enhancement ! 

 

• Raabe et al., Nature 2004: 6He+238U, no fusion enhancement, only 2n-transfer 

  

• Di Pietro et al., Phys. Rev. 2004: 6He+64Zn, no enhancement 

 



Role of internal degrees of freedom 

What is a  role of neutrons  in fusion process ? 



Role of  neutrons  in sub-barrier fusion ? 



Neutron excess  itself  does not help nuclei  to fuse ! 

 

 



Lack of theory for fusion of some nuclei 



Solution of 3-body time-dependent Schrödinger equation 

Wave functions of valence neutrons follow  

the two-center quasi-molecular states and  

spread over the volumes of both nuclei 

rather fast, before nuclei come in contact and  

even before they overcome the Coulomb barrier ! 

 



Gain due to  positive Q-value  of  neutron rearrangement 



Sequential fusion process 



Fusion enhancement for stable neutron rich nuclei 

Idea  of   “sequential fusion”  mechanism  

with  intermediate  neutron  rearrangement   

seems  to  work ! 



Test for the “neutron rearrangement” mechanism  

in sub-barrier fusion reactions 



6He + 206Pb 



Time-dependent analysis of 6He + 206Pb collision  

Wave functions of valence neutrons 

follow the two-center molecular 

states and spread over both nuclei 

before they reach and overcome 

the Coulomb barrier ! 

 

 



Schematic picture for sequential fusion of  6He 



Huge enhancement  

in deep sub-barrier fusion of weakly bound nuclei 

Raabe et al., Nature, 2004  
6He+238U:  

No fusion enhancement ! 



Time-dependent Scrodinger equation 



Two mechanisms of fusion enhancement  

due to neutron exchange 



Nucleosynthesis  



Conclusion 

• “Sequential fusion” mechanism plays an important role 
 

 

• Rearrangement of neutrons with positive Q-value  

 significantly increases sub-barrier fusion probability 
 

 

• Huge enhancement in fusion of weakly bound nuclei is revealed 
 

 

• New experiments on sub-barrier fusion of light weakly bound 

nuclei - like 12C(6He,nγ)17O - are to be performed 
 

 

• Scenario of primordial nucleosynthesis may be revised 


