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Complex Scaling Method: All the radial coordinates are rotated into the complex plane

As soon as >
 R
the resonance wave function dies exponentially

As a bound state!!!

After complex scaling the resonances can be computed as 
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0+ in 12C

R. Álvarez-Rodriguez et al., PRC 77 (2008) 064305
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The pp-chain transforms four protons into 4HeThe pp-chain transforms four protons into 4He

All the A=5 nuclei are particle
unstable

8Be is 
unbound

Production of heavier nuclei requires to
skip the A=5 and A=8 gaps

When the hydrogen fuel is exhausted 
the nuclear reactions in the core stop

The gravitational collapse of 
the core raises the temperature

The fusion of the external 
layers begin: Red giant phase

The core accumulates 4He

When T∼108 K
α+α+α⟶12C+γ  is relevant!!!

The A=5 and A=8 
gaps are bridged!!!
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8Be has a very low lying
s-resonance (~92 keV) and

very narrow (a few eV).

This fact suggests to understand the triple α reaction
as two consecutive two-body processes.
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In this scenario other reactions
can play a role in the bridging

of the A=5 and A=8 gaps

5He (α+n) has a rather broad
p-resonance

It is not obvious that a 
sequential description is 

appropriate

A method including sequential
and direct capture is desirable!!!
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 e.g., for 6He,  the electric dipole contribution requires the continuum 1− states 

The continuum spectrum is discretized by solving the equations 
with a  box boundary condition.
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K. Sumiyoshi et al., NPA709 (2002) 467
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✗Bound states: Fast convergence in terms of adiabatic channels

✗Scattering states: Clean distinction between different open channels

                               Also fast convergence when combined with integral relations

✗Resonances: As for bound states when combined with complex scaling 
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THE ENDTHE END

R. de Diego and C. Romero Redondo, Madrid, Spain

D.V. Fedorov and A.S. Jensen, Aarhus, Denmark

R. Álvarez Rodríguez, Madrid, Spain

A. Kievsky and M. Viviani, Pisa, Italy

P. Barletta, London, United Kingdom
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