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Nuclear combustion is encountered when the reaction time scale (for example 12C(p,γ)13N(β+)13C
reaction at He-burning temperatures T>1.5*108K) is the same as the hydrodynamic fluid flow time
scale of convection. This occurs when unprocessed H-rich material is convectively mixed into a Heburning layer (either the He-core or He-shell), as for example in first generations star models of very
low metallicity (e.g. Fujimoto etal. 2000 for AGB stars) as well as in accreting compact objects (e.g.
Piro & Bildsten 2007 for X-ray bursts and C1Dassisi etal. 1998 for accreting white dwarfs).
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Here we investigate the physics of this important regime through stellar evolution calculations, complete
multi-zone nucleosynthesis simulations as well as 4π 3D hydroydynamic simulations of the very-late HeTablein
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contrary to the prediction of 1D stellar evolution models, the neutron source isotope 13 C that emerges0 from
the proton capture of 12 C can mix to the high temperatures at the bottom of the He-shell flash convection
where neutrons are released on the time scale of seconds and neutron densities in excess of 1013 cm−1 are
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Hydrodynamic picture of H-entrainment into
He-shell flash convection: Snapshot of PPM
simulation on uniform Cartesian grids of
5763 cells of flash convection in full 4π,
representing stellar evolution situation for
time t1. Colors indicate abundance of
material in the stable layer above the
convection zone that has been entrained
into the convection zone (no H-burning is
included in this run). Volume fractions of
about 1%: blue, concentrations close to one:
transparent, lowest concentration 0.01%:
yellow, below approximately 5⋅10−5 and
above 1%: transparent. (More infromation
and movie animations on the LCSE web site
at http://www.lcse.umn.edu.)
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We interpret our results as a failure of 1D stellar evolution to accurately describe mixing for nuclear
combustion (or convective-reactive) phases of stellar evolution. This has important consequences for the
nucleosynthesis predictions of the first generations of stars. At extremely low or even zero metallicity
combustion events are frequently encountered in both massive (e.g. Ekström etal. 2008) and low-/
intermediate-mass stars and yield predictions from present 1D stellar evolution simulations may suffer
similar difficulty in accurately predicting mixing, just as demonstrated here for the case of combustion in
Sakuraiʼs object.
The next goal of this research program is to improve the hydrodynamic simulations to fully include the
nuclear reactions for combustion and to quantify mixing in the different regimes of this event. This will
eliminate some of the free parameters in the nucleosynthesis simulations, and will eventually lead to
mixing models that can be incorporated into 1D stellar evolution simulations for the evolution and yields of
the first generations of stars.
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