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Isotopic abundance and stellar nucleosynthesis

● Origin of chemical elements => 
nucleosynthesis 

● Stellar evolution

– Mi < 8 Mʘ => white dwarf, may 
generate Type Ia supernova

– Mi = 8 - 10 Mʘ => burning under 
degenerate condition, carbon flash 

– Mi > 10 - 12 Mʘ => burning in a non-
degenerate core 

● C-burning and O-burning => “key 
phases” of stellar evolution
– Intermediate mass stars, massive 

stars, type Ia supernova..

– 12C + 12C, 12C + 16O and 16O + 16O

kilonovae

Isotopic abundance of chemical elements in the 
Universe
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Astrophysical context
● Energy available from thermal motion 

– kT ~ 1 - 102 keV (1 keV for the Sun)

– Maxwell-Boltzmann distribution

– Stars: fusion of charged species => Coulomb barrier

– During static burning:  kT << ECoul

● Reaction occurs through tunneling 
– Highest fusion probability => Gamow window

– Cross section : 

with S(E) the astrophysical S-factor

● Reaction rates 
Gamow Window
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Deep sub-barrier cross section
● What do we know about nuclear fusion ?

- Fusion hindrance
● Measured cross sections lower than theoretical 

predictions
● Observed in many systems

(Jiang et al., PRL 93, 2004)

● Nucleons are fermions => Pauli repulsion 

(Simenel et al., INPC 2016, Fusion17, PRC 95, 2017)

━ Resonance
● Local increase of cross section
● Molecular configuration of nuclei

(Jenkins &  Courtin, Journal  of  Physics  G:  Nuclear  and  
Particle Physics, 42, 2015)

● 12C+12C system known to present many resonances 

(Almqvist et al., PRL 4, 1960)
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The (incomplete yet) complex story of 12C fusion

(Heine, Nuclei: Exotics and Stars, Nuclei In the Cosmos 2021)

) 
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The (incomplete yet) complex story of 12C fusion

(Heine, Nuclei: Exotics and Stars, Nuclei In the Cosmos 2021)

) 

Publication from the first run 
of STELLA at Andromède

Publication on STELLA 
apparatus
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Brief history of 12C + 12C
● Detection of particles or 

gamma rays
● Extrapolations with 

different trends 
● At low energies => large 

uncertainties or no data 
● Experimental challenges

– Low cross sections (~pb)

– Background

● Jiang et al. => 
coincidence method

S(E) for 12C + 12C 

(Jiang et al., NIMA 682, 2012)
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State of art for 12C+16O

S(E) for 12C + 16O

(Fang et al., PRC 96, 2017)

● Detection of particles or 
gamma rays

● Extrapolations with different 
trends 

● At low energies => large 
uncertainties 

● Experimental challenges
– Low cross sections (~pb)

– Background

● Use of the coincidence 
method for highest energies
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State of art for 16O + 16O
S(E) for 16O + 16O ● Detection of particles or 

gamma rays
● Extrapolations with different 

trends

● Ecdm = 6,7 – 8,5 MeV => 
disagreement between 
experimental data 

● At low energies => no 
experimental data 

● Experimental challenges
– Exit channels

– Oxygen target
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Conclusion
● 12C + 12C, 12C + 16O and 16O + 16O => fusion reactions important for nuclear 

physics but also for astrophysics

● Direct application to astrophysics: determination of reaction rates (Monpribat 
et al., A&A)

● Experimental challenges 

– Low cross sections, background...

– Need of specific detection method, very efficient tools and high intensity 
beam

=> the answer: the STELLA at Andromède experiment 
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