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AGB star nucleosynthesis: 
when new data from nuclear 
physics help to solve puzzles  

 

Sara  Palmerini 
LNS – INFN,  Catania, Italy 

14N 

n

17O 

2H 

α	  
p

2H(17O,α14N)n:	   

15N 

n

18O 

2H 

α	  
p

2H(18O,α15N)n:	   



+ Low mass star contribution to the 
chemical evolution of galaxies 

n  Supernovae stars produce the 
most part of nuclei in the 
galaxies 

n  50% of nuclei are produce by 
low mass stars. 

 
 Stellar He-,C-, O-burning 

n  The lower is the mass, the 
larger is the number of stars 
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+ Low mass star contribution to the 
chemical evolution of galaxies 
n  The lower is the mass, the 

larger is the number of stars 

n  M<3M¤ 

Molecular 
Cloud 

Meteorite 

Presolar grains 

IRC+10216 C-star  is the brightest object on the sky at 
at mid infrared 

AGB 
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+ Grains & challenges from RGB & 
AGB stars 

C/O≥1     SiC grains    
 

C/O<1    Oxide grains    
 

Hoppe NewAR 2002 Zinner 2004 
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+ Energy range of the H-burning shell 
 

 
Temperature: 

8.3  107 K                                                      3 106K 
 

 
Conversion Factors Between Units of Energy 

3.45 kev                                                     0.25 keV 
 
 

Most effective energy  (17O +p reactions) 
125 keV                                                     36.5 keV 
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S. Palmerini 

Reaction rates from determined by 
THM 
 17O(p,α)14N 

NN2015 

18O(p,α)15N  
Sergi et al. 2015 PRC in press 

POSTER n.37 
La Cognata et al. 2010 152501 

ApJ, 708 811 

ωγ	  (eV)	   THM	  	   Chafa	  et	  al.	  2007	   NACRE	  

65 keV 3.4 ± 0.6 10-6 4.7±0.8·10-9
 
 5.5+1.8

-1.0 ·10-9 

183 keV 1.16 ± 0.1 10-3 1.66 ± 0.1 10-3 5.8+5.2
-5.8 ·10-5 
 

ωγ	  (eV)	   THM	   NACRE	  

20	  keV	   8.3	  +3.8-‐2.6	  10-‐19	   6	  +17-‐5	  10-‐19	  

90	  keV	   1.8	  ±	  0.3	  10-‐7	   1.6	  ±	  0.5	  10-‐7	  
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+ Reaction rate from determined by THM 
 

17O(p,α)14N 18O(p,α)15N  
Sergi et al. 2015 PRC in press 

POSTER n.37 
La Cognata et al. 2010 

ApJ, 708 811 

17O(p,γ)18F 
 
 

Chafa et al 2007          
THM data  
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ωγ	  (eV)	   THM	  	   Chafa	  et	  al.	  2007	   NACRE	  

65 keV 3.4 ± 0.6 10-6 4.7±0.8·10-9
 
 5.5+1.8

-1.0 ·10-9 

183 keV 1.16 ± 0.1 10-3 1.66 ± 0.1 10-3 5.8+5.2
-5.8 ·10-5 
 

18O(p,α)15N  
 
 

Angulo et al. 1999    
THM data 

 

17O(p,α)14N 
 
 
 

Chafa et al 2007            
THM data 
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+ 18O(p,α)15N and the challenging  
Nitrogen isotopic ratio in SiC grains 

NN2015 S. Palmerini 

9 



+ 17O+p reaction rates and Oxide grains 

n  RGB stars with 1M¤<M★<2M¤ 
and solar composition 

n  AGB stars with M★<2M¤ and 
solar composition 

 
H-burning shell 

Convective 
envelope 

Extra-mixing 
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+ 17O+p reaction rates and Oxide grains 

17O+p from 

Chafa et al. 2007 

Palmerini et al. 2011  

n  Low mass RGB stars (M★<2M¤) 
are progenitor of group 1 grains 

n  Extra-mixing in AGB stars 
account for isotopic composition 
of Group 2 oxide grains 
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+ 17O+p reaction rates and Oxide grains 

THM data 

n  Mass range of stellar 
progenitors of group 2 oxide 
grains is  1M¤<M★<1.2M¤ 

n  Group  2 grains might be 
divided  in 2 subgroups 
because of the progenitor 
mass 
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RGB 

AGB 

How to reach  
26Al/27Al>0.02 
shown by part of 
group 2 grains? 

Aluminum isotopic ratio: a possible 
solution from nuclear physics? 
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Aluminum isotopic ratio: a possible 

solution from nuclear physics 
stellar 

1M8 

1.2M8 

1.5M8 

1M8 
1.2M8 

1.5M8 

1M8 

1.2M8 
1.5M8 

 
H-burning shell 

Convective 
envelope 

Extra-mixing n  The measurement of 
25Mg(p,γ)26Al excludes that a 
solution coming from nuclear 
data (Strieder et al. 2012) 

Palmerini et al. in prep 

n  What about the 
mixing profile?  
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Sun:   
 T= 1.57×107 K                                            
ρ =160  g/cm3 

RGB & AGB:     
T= 5 ×107 -2 ×106  K               
ρ=0.01 – 100 g/cm3 

The Poisson–Boltzmann approach  (the other 
“classical” one ) does not hold outside the conditions 
of the solar nucleus.  In particular, at lower 
temperatures and densities, where a large part of the 
Li production occurs (because the competing proton 
captures on 7Be become ineffective) 

A new estimation of 7Be life-time  
in Stellar Conditions Li 
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(α,γ) 7Be 

(p,α) 4He 

(p,γ) 8B(β) 8Be       2α 
 
  

3He 
(3He,2p) 4He 

 (e-,ν) 7Li 

(p,γ) 8Be       2α 

  17 Li in AGBs and the ‘new’ 7Be life time 
 

The Astrophysical Journal, 764:118 (12pp), 2013 February 20 Simonucci et al.

Table 3
Energy of the Isolated Beryllium Atom in Atomic Units and Spin-up Density

at the Nucleus Obtained Through the HF and CI Calculations

Energy ρe↑(0)

Hartree–Fock −14.573 17.68521

Full-CI −14.660 17.68060

the potential V to calculate the electron-capture rate. The HF
equations for this problem read

− 1
2mj

∇2ψj,ασeτBen(r) + V ext
j (r)ψj,ασeτBen(r) − µjψj,ασeτBen(r)

+
∑
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In Equations (9)–(11), σe(1/2) and τBe(3/2) are the electronic
and nuclear spins, while α and β represent all of the other
quantum numbers. The index j runs over all of the fermionic
particle types. The self-consistent HF potential is used in
Equation (5), along with the external potential, V = VHF + Vext,
to calculate the (static exchange) electron-capture decay rate.

In order to be complete, the above treatment of the many-body
interaction needs to include the electron and proton continuum
states, as the capture can occur from the continuum orbitals
and, at high T, the plasma is partially to totally ionized. To
include the continuum states in the HF equations, we used the
theory of projected potentials, developed for the calculation of
the electronic emission spectra from solids (Taioli et al. 2009a,
2009b, 2010). Within this theory, while the Coulomb interaction
among the particles (see Equation (6)) is projected onto the
Hilbert space spanned by a basis set, giving rise to the discrete
part of the spectrum, the kinetic terms are left unprojected.
In this way, since the eigenfunctions of the kinetic energy
operator are plane waves at a given energy, one can “recover”
the energy continuum. Furthermore, the sums over the discrete
states n in Equation (10) should be thought of as integrals over
the continuum. In our case, a cc−pVDZ Gaussian basis set
(GBS), centered on the 7Be nucleus, has been optimized for the
calculation of the bound states. We emphasize that the addition
of the continuum states to the projected Coulomb interaction
can have significant enhancement effects on the decay rate
over a wide portion of the parameter space spanned. This,
however, does not include the solar case, where our estimates are
essentially indistinguishable from those reported by Adelberger
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Figure 1. Electron-capture half-life in days for 7Be as a function of ρ and T.
(A color version of this figure is available in the online journal.)

et al. (2011). In any case, we notice that when applicable,
our changes point in the opposite direction with respect to the
suggestions by Shaviv & Shaviv (2001) for the Sun.

Our two-body scattering framework allows us to go beyond
even the HF treatment of the screening; therefore, we estimated
the importance of correlations by computing ρe(0) for an
isolated 7Be atom using the full configuration interaction (FCI)
approach for the previously used cc−pVDZ GBS. We did not
find any appreciable difference between the ρe(0) estimates
calculated by the HF and the FCI methods, up to the third digit
(see Table 3), thus justifying our mean-field approach, which
neglects dynamical correlations.

The calculation of the decay rate performed at different T
and ρ values using our approach is reported in Figure 1. We
recall once again that the above treatment of the many-body
interaction goes beyond the DH approximation previously used
to estimate the electron-capture decay rate in the Sun (Iben et al.
1967; Bahcall 1962). The applicable field of the HF screening
effects can in fact be rigorously extended to cover the whole
range of parameters found in the layers between the H-burning
region and the envelope base in evolved stars.

4. AN APPLICATION TO THE Li PRODUCTION AND
DESTRUCTION IN EVOLVED STARS

As an example of the application of our new rate estimates to
practical nucleosynthesis problems in stars, we briefly illustrate
here the situation for rather LMS (M ! 2 M⊙) of solar metal-
licity, undergoing the RGB and AGB evolutionary phases in
the presence of deep-mixing processes. They were recently dis-
cussed by Palmerini et al. (2011a, 2011b) within the framework
of reaction rates offered by Adelberger et al. (2011).

Here, we only consider the impact on the above astrophysical
scenario of our “best choice” for the reaction rate (our new
method), without analyzing the individual behavior of all of the
four estimates presented, as we are preparing a more thorough
analysis on that, which will appear in a forthcoming paper also
dealing with various stellar masses and compositions.

Figures 2(a) and (b) show the abundances of 7Be and of its
daughter 7Li in the layers below the convective envelope bottom
and above the H-burning shell. They are plotted shortly after the
bump of the luminosity function on the RGB (panel (a)) and
in between two thermal pulses, during quiet H burning on the
AGB (panel (b)). The stellar models are the same as discussed
in Palmerini et al. (2011a). The red lines illustrate the situation
obtained with our new rate (the case previously labeled HF),
while the black line shows the previous findings, obtained with
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GRAZIE! 

THANK YOU! 

n  Sometimes solutions come from 
nuclei (17O/16O in  grains) 

n  Sometimes  solutions come from 
stars  (26Al/27Al in  grains) 

n  Other times we do not know yet 
(14N/15N in  grains and the Li 
problem) 

n  In any case it is necessary to 
collaborate 


