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CNO cycle related reaction
cross section
• starlib discontinued
• Many CNO reaction studied in LUNA 
• 14N(p,g)15O - 15N(p,g)16O - 17O(p,g)18F - 17O(p,a)14N - 18O(p,g)19F - 18O(p,a)15N
• 12C(p, g), 13C(p, g), 16O(p, g) –> in progress

• R-Matrix
• more common in Nuclear Astrophysics 
• more accurate (multi-level Breit-Wiegner)
• it can include interference and DC effects
• AZURE2 readily available J
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Astro background 
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AGB stars: mixing mechanisms and isotopic 
composition 16O/17O (atmosphere and 
extrasolar grains)

Novae explosions: influences 19F and 15N 
abundances as measured in  pre-solar grains 
and satellite observations of 18F(b+,n)18O

Lebzelter et al. 2015



Procedure

1. Poles fit
2. S Factor evaluation
3. Reaction rate calculation
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Data Literature
• Resonant parameters

* “Charged-particle thermonuclear reaction rates”
Longland, Iliadis et al. 2010 Nuclear Physics A 841
* more recent works
* Tilley et. al 1995 Nuclear Physics A595 (or similar)

• Cross section
* everything available



Procedure

1. Poles fit
2. MC S Factor evaluation
3. Reaction rate calculation
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AZURE2
• multi-channel – (p,g) and (p,a) or (p,p)
• multi-level: states up to 2 GK, high energy poles, 

relevant subthreshold states – here for primary g-rays
• fit - poles widths most probable value and uncertainty

DC, low energy tail of higher energies resonances and 
interference included
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AZURE2
• multi-channel – (p,g) and (p,a) or (p,p)
• multi-level: stated up to 2 GK, high energy poles, 

relevant subthreshold states – here for primary g-rays
• fit - poles widths most probable value and uncertainty

DC, low energy tail of higher energies resonances and 
interference included

estimates from LUNA and Blackmon (p,a) measurements – bad agreement, choice to be made
recently directly measured in LUNA 30(6) neV – Piatti et al. PRL under review
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positive

17O(p,a)14N
 negative
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Reaction 
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End

Extraction of a 
set of wg for 
narrow reso.

Stellar rate 
evaluation

same N 
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Extraction of a 
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Comparison with Iliadis 
2010 Nuclear Physics A841

Iliadis

Iliadis    +
Iliadis    -

new Sp
Bruno et al.

64.5

183

poles

Di Leva et al.

interference

64.5

183



Outlooks

• astrophysical impact under evaluation, publication soon
• 14N(p,g)15O - 15N(p,g)16O - 17O(p,g)18F - 17O(p,a)14N - 18O(p,g)19F - 18O(p,a)15N
      12C(p, g), 13C(p, g), 16O(p, g) –> in progress

10/06/2024 XIV Torino Workshop on AGB stars

complete in progress next future

Thank you for your attention!!!
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