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Outline

ü Monte Carlo approach to quantify final abundance uncertainties

ï Simultaneousvariation of all rates in network (above Fe)

ï Individual, asymmetric, T-dependentuncertainty for each rate

ï Determination of key rates through correlations in abundance variations

ü Uncertainties in stellar rates

ï Reaction models + uncertainties

ï Experimental constraints
» Only partially constraining stellar rates

ï Constructing a combined uncertainty (exp + theo), T-dependence

Applications:

ü s-Processing

ï Main s-process in AGB stars

ï weak s-process in massive stars; enhanced weak s-process in rotating metal-poor stars

ü Production of p-nuclei

ï g-Process

» in ccSN

» SN Ia (single degenerate WD explosion)

ï np-Process in ccSN

» The 92Mo/94Mo ratio



Nuclear Physics Impact/Uncertainties in 

Nucleosynthesis Calculations
1. Impact of uncertainties in:

ÅNuclear properties required for cross section calculations

Åmodel, model input

ÅReaction cross sections

Åmodel, model input (=nuclear properties)

ÅAstrophysical reaction rates

Å (stellar) cross section input

ÅAstrophysical models

Å ñScenariosò, models, further physics, numerics

2. Experimental constraint of rates through a measurement

Å Stellar rate only partly constrained in explosive nucleosynthesis

Å Inclusion of experimental error in rate uncertainty

3. Impact of rate uncertainties on predicted abundances

Å SYSTEMATIC variation of rates or nuclear input

Å Identification of major flows, Monte Carlo variation
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ñPizBuinò Monte Carlo Framework

ÅParallelized Monte Carlo driver + efficient, fast reaction network

Å2013/14: Hertfordshire-Keelecollaboration (withN. Nishimura, R. Hirschi), 

within ERC and STFC projects and the BRIDGCE consortium (UK)

Åability to vary 10000s of reactions simultaneously in post-processing

ÅGoal: large scale study of nuclear uncertainties in various nucleosynthesis 

processes, mainly in massive stars but also SNIa, X-ray bursts 

ÅCurrent focus on nucleosynthesis beyond Fe, (weak) s-process, p/g-process, 

r-process, rp-process, np-process, (n-driven winds)

Piz Buin = Oxen peak

(mountain marking Austrian-Swiss border)

Appropriate name for brute force ñwork animalò 

exploring numerical landscape?  


