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Estimating Nuclear Uncertainties
i-process in early AGB phase

From Arthur Choplin’s talk
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Estimating Nuclear Uncertainties

From Arthur Choplin‘s talk

Almost 900 non-experimental 
(n,g) rates over the 1160 
reactions used in the network

I-process in early AGB phase
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Estimating Nuclear Uncertainties
Radiative Neutron Capture Rates

4 parameters 

2 parameters affecting 
nuclear level densities 

2 parameters affecting 
the photon strength 
function  

2 Nuclear physic models

Correlated 
Uncertainties

Non-correlated
Uncertainties

Model A: based on 
micro-physics

Model B: based on 
phenomenological models

Using TALYS reaction code (Koning et al. 2023)

 ( → See Stéphane Goriely talk) 

HFB+comb & 
D1M+QRPA

Cst-T + SMLO
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Estimating Nuclear Uncertainties
Radiative Neutron Capture Rates

4 parameters 

2 parameters affecting 
nuclear level densities 
(shift+slope)

2 parameters affecting 
the photon strength 
function (shift and width)

Non-correlated
Uncertainties

Backward-Forward Monte Carlo 
approach
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Estimating Nuclear Uncertainties
Radiative Neutron Capture Rates

4 parameters 

2 parameters affecting 
nuclear level densities 
(shift+slope)

2 parameters affecting 
the photon strength 
function (shift and width)

Non-correlated
Uncertainties

Backward-Forward Monte Carlo 
approach

→ Random combinations of these 4 
parameters to probe statistical uncertainties 

of (n,g) reactions
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Estimating Nuclear Uncertainties
Radiative Neutron Capture Rates

→ Random combinations of these 4 
parameters to probe statistical uncertainties 

of (n,g) reactions

Model A
Model B
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Compatible with 
correlated model 
uncertainties

10

Estimating Nuclear Uncertainties
Radiative Neutron Capture Rates - Parameters uncertainty range constrain by model uncertainties 

Correlated model uncertainties

All with frms≤ 1.4 – 2.0 

Model A
Model B
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Estimating Nuclear Uncertainties
Radiative Neutron Capture Rates - Parameters uncertainty range constrain by model uncertainties 

Uncorrelated parameter uncertaintiesCorrelated model uncertainties

All with frms≤ 1.4 – 2.0 4-parameter variation s.t. frms≤ 2.0 
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Estimating Nuclear Uncertainties
Radiative Neutron Capture Rates - Extension to non-experimental (n,g) reactions

Uncorrelated parameter uncertaintiesCorrelated model uncertainties



Physics of VERY MASSIVE STARS along the cosmic History | Sébastien 
MartinetThe impact of systematic and statistical nuclear uncertainties on the i-process nucleosynthesis | Sébastien 

Martinet
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Effect of statistical uncertainties on the surface enrichment of early AGB stars

STAREVOL code (Siess et al. 2006) Maximum and minimum (n,g) 
theoretical rates (862 nuclei) 

(with 4-parameter variation s.t. frms≤ 2.0)

  → Random combination of maximum 
and minimum rates for a large 
number of stellar models (n>50) 

1)           2)            3) ……………………………………….. 862)

→ i-process nucleosynthesis 

Si31(n,g)  P32(n,g)   Si32(n,g)                          Pu252(n,g)

Stellar Model 1        Max         Max         Min          ……………              Min

Stellar Model 2        Min         Max         Min          ……………              Max

Stellar Model 3        Min         Min          Min          ……………              Max

Stellar Model 50       Min         Min         Max         ……………               Min

           …..                     ….            ….            ….             ...…………                ….

1 Msol at [Fe/H]=-2.5
Proton ingestion event in the early 

AGB phase 

Uncorrelated parameter uncertainties
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Uncorrelated parameter uncertainties

Impact of Nuclear Uncertainties on the i-process in AGB Stars
Effect of statistical uncertainties on the surface enrichment of early AGB stars
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Uncorrelated parameter uncertaintiesCorrelated model uncertainties

Impact of Nuclear Uncertainties on the i-process in AGB Stars
Effect of statistical uncertainties on the surface enrichment of early AGB stars
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Uncorrelated parameter uncertainties

Impact of Nuclear Uncertainties on the i-process in AGB Stars
Effect of statistical uncertainties on the surface enrichment of early AGB stars
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Identify important (n,g) reactions during the i-process in AGB stars

Identifying important 
reactions by studying 
correlation between:

→ distribution of max 
and min (n,g) rates 

→ distribution of final 
surface abundances  
.
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Identify important (n,g) reactions during the i-process in AGB stars
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U235
Interesting example:

Production of Th and U 
highly sensitive to the
Bi217(n,g) rate
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Identify important (n,g) reactions during the i-process in AGB stars

Identifying important 
reactions by studying 
correlation between:

→ distribution of max 
and min (n,g) rates 

→ distribution of final 
surface abundances  
.
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Identify important (n,g) reactions during the i-process in AGB stars

Identifying important 
reactions by studying 
correlation between:

→ distribution of max 
and min (n,g) rates 

→ distribution of final 
surface abundances  
.
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Nuclear Network Generator

→ Accessible through chetec-infra.eu/resources/

Checking and plotting individual Reaction rates available 
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Nuclear Network Generator

Theoretical + Experimental rates

→ Accessible through chetec-infra.eu/resources/

Automatic Generation of Nuclear network
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NetGen
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Nuclear Network Generator

→ Accessible through chetec-infra.eu/resources/

Possibility to select Nuclear Databases such as 
NACRE-II 
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Nuclear Network Generator

→ Accessible through chetec-infra.eu/resources/
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Conclusions
The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis
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Conclusions
The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Systematic and Statistical nuclear 
uncertainties
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Conclusions
The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Correlated model uncertainties 
of the same order than 
non-correlated parameters 
uncertainties 

Correlated model vs Non-correlated 
parameter Uncertainties

Systematic and Statistical nuclear 
uncertainties
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Conclusions
The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Correlated model uncertainties 
of the same order than 
non-correlated parameters 
uncertainties 

Impact on i-process 
nucleosynthesis

Correlated model vs Non-correlated 
parameter Uncertainties

Systematic and Statistical nuclear 
uncertainties

Important impact on the 
production of observable 
tracers (surface abundance 
uncertainties by 1 dex for La, 
3 dex for Th/U, 1.2 dex Eu, …)

Results consistent for model 
A and B
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Conclusions
The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Correlated model uncertainties 
of the same order than 
non-correlated parameters 
uncertainties 

Impact on i-process 
nucleosynthesis

Correlated model vs Non-correlated 
parameter Uncertainties

Bi217(n,g)

Th232

U235

Systematic and Statistical nuclear 
uncertainties

Identifying important reactions

Important impact on the 
production of observable 
tracers (surface abundance 
uncertainties by 1 dex for La, 
3 dex for Th/U, 1.2 dex Eu, …)

Results consistent for model 
A and B

Interesting reactions such as 
Bi217(n,g) for Th/U. 
Possibility to quantify the impact 
of these reactions, especially for 
the ones that impact observable 
tracers. 
Results consistent for model A 
and B.
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Conclusions
The impact of Systematic and Statistical nuclear uncertainties on the i-process nucleosynthesis

Correlated model uncertainties 
of the same order than 
non-correlated parameters 
uncertainties 

Impact on i-process 
nucleosynthesis

Correlated model vs Non-correlated 
parameter Uncertainties

Bi217(n,g)

Th232

U235

Systematic and Statistical nuclear 
uncertainties

Identifying important reactions

Important impact on the 
production of observable 
tracers (surface abundance 
uncertainties by 1 dex for La, 
3 dex for Th/U, 1.2 dex Eu, …)

Results consistent for model 
A and B

Interesting reactions such as 
Bi217(n,g) for Th/U. 
Possibility to quantify the impact 
of these reactions, especially for 
the ones that impact observable 
tracers. 
Results consistent for model A 
and B.
  

→ Accessible through 
chetec-infra.eu/resources/



Physics of VERY MASSIVE STARS along the cosmic History | Sébastien 
MartinetThe impact of systematic and statistical nuclear uncertainties on the i-process nucleosynthesis | Sébastien 

Martinet 31

Estimating Nuclear Uncertainties
Compatibility with experiment uncertainties

→ Random combinations of these 4 parameters to probe statistical 
uncertainties of (n,g) reaction

Compatible with 
correlated model 
uncertainties

Model A
Model B
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Estimating Nuclear Uncertainties
Compatibility with experiment uncertainties
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Effect of statistical uncertainties on the surface enrichment of early AGB stars

STAREVOL code (Siess et al. 2006) 

→ i-process nucleosynthesis in a 
1 Msol at metallicity [Fe/H] = - 2.5 
during the proton ingestion event 
in the early AGB phase with a 
large nuclear network (1160 
species).

Model B: frms <= 2.0

Statistical 
effects
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Statistical and Systematic uncertainties

STAREVOL code (Siess et al. 2006) 

→ i-process nucleosynthesis in a 
1 Msol at metallicity [Fe/H] = - 2.5 
during the proton ingestion event 
in the early AGB phase with a 
large nuclear network (1160 
species).

Model B: frms <= 2.0

Statistical and Systematic
effects


