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The modelling of massive stars is affected by uncertainties linked to multi-dimensional processes. 3D hydrodynamics simulations

can reproduce these 3D processes in stellar interiors and guide the improvement of 1D stellar evolution models (321D loop). We

present here 321D modelling of a C-Ne-O shell merger in the late phases of a massive star. We find signification deviations from
spherical symmetry and homogeneity, which may lead to unique nucleosynthesis and affect the fate of the star.

Structure evolution diagram of the 1D input stellar model

4 Shell
B mergers

Angular cross-sections showing abundance fluctuations at fixed radius,

Key Points:

0

- We can now simulate shell mergers
and the related nucleosynthesis in 3D.

- 3D simulations of shell mergers
show key similarities and differences
compared to the 1D input model.

0

- Shell mergers create unique
conditions that can change both the
structure and nucleosynthesis of
massive stars.
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Normalised standard de-iles for composition
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Representation of the 3D computational domain (~2n)

comprising equatorial and vertical planes. Colour shows speed.

We computed a set of 3D
hydrodynamics
simulations of a triple-

shell mergerina 20 Mg
star with the PROMPI
code (1D input MESA
model shown on the left).

The nuclear reaction
network includes n, p,

4He, 12C, 160} ZONe, 23Na,
24I\/Ig, ZSSI, 31p’ 325, 56NI.

spanning 20 around the mean value (a360n1024 at 1500 s).
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Time evolution of the a

In the 1D input MESA model,
three convective burning shells
merge: C, Ne and O, starting
with a C-Ne shell merger.
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In the 3D simulation, the C-Ne
shell merger also occurs (around
1000s, see figure below).
However, instead of a further
merger with the O-shell (as in
1D), the O-shell weakens and
never merges (see t=3000s).
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raged chemical composition

in ba D models.

Shell mergers are dynamic
events that create unique
nucleosynthesis condition
characterised by high a
Damkohler number (Da =
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events, chemical composition
is not spherically-symmetric
(see figure above), let alone

homogeneous (see left figure).
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