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How do two 12C nuclei fuse at sub­barrier energies? 

AD-T & Wiescher, Physical Review C 97 (2018) 055802

Picture taken from BBC News
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Astrophysical S-Factor Excitation Function for 12C + 12C



  

Coupled-Channels Calculations for 12C + 12C

Jiang, Esbensen et al., PRL 110 (2013) 072701 

Ec.m. (MeV)



  

“WE CANNOT 
SOLVE OUR 
PROBLEMS 
WITH THE SAME 
THINKING WE 
USED WHEN WE 
CREATED THEM”



  

The 12C + 12C Molecular Structure 
Greiner, Park & Scheid, in Nuclear Molecules, World Scientific, 1994

How does this molecular structure 
affect low-energy fusion?

Quadrupole deformation of 12C: ~ ­ 0.5   



  



  



  

Role of the imaginary fusion potential in the transmission coefficient



  

Phase shift analysis of the effective potentials for molecular configurations



  

Astrophysical S-Factor for 12C + 12C Fusion



  

Conclusions 

 Resonant structures in the experimental data that are not  
 explained may be due to cluster effects in the nuclear molecule. 

 Three resonant structures are revealed in the calculations, 
 reproducing similar structures in the experimental data.

 Fusion cross sections monotonically decline towards 
 stellar energies.

 The fusion imaginary potential for specific dinuclear 
 configurations is crucial for the appearance of resonances.

AD-T & Wiescher, Physical Review C 97 (2018) 055802



  

EXTRA SLIDES



  

Coupled-Channels Calculations for 12C + 12C
Assuncao & Descouvemont, PLB 723 (2013) 355 



  



  



  



  



  



  

Sensitivity of Molecular Shell Structure to the 12C Alignment

AD-T, PRL 101 (2008) 122501

Potential Separable Expansion Method



  

Fusion Excitation Function for 12C + 12C



  

Fusion Excitation Function for 12C + 12C



  

Transmission coefficients for 16O + 16O central collisions
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