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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 massive stars and the variety of shell interactions (mergers) we find in our latest 321D-guided

stellar evolution models. These lead to unique nucleosynthesis and affect the fate of the star.
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can guide new prescriptions for
convective boundary mixing
(CBM) in 1D stellar evolution
codes (321D loop). Using our
new 321D-guided CBM
prescription (called SH21), we
computed a new grid of 1D
stellar evolution models
(Whitehead et al 2026) and a
comparison grid (called fOp02).
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- Shell mergers create unique

conditions that change the structure, -
fate and nucleosynthesis of massive

stars.
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Fig. 3: Angular cross-sections showing abundance fluctuations
at fixed radius, spanning 2o around the mean value (a360n1024
simulation from Rizzuti et al 2024 at 1500 s).

Table 3. Properties of the SH21 grid at the pre-SN stage (columns 1-14): model codename, CO-core mass (M), effective temperature (Log 7o), radius (Log
R), luminosity (Log L), interaction type, total final mass (Mg,), total lifetime (7), central entropy (s.), mass of the carbon-free core M¢_fe., compactness
parameter measured at a mass coordinate of 2.5 Mg (&;_s) and the mass derivative (y4), mass coordinate (My4) and My 14, all calculated at the mass coordinate
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the traditional 1D onion-like
picture of massive stars.

Table 1 (Table 3 from Whitehead et al 2026): Key
properties of the SH21 models with in particular the
types of shell interactions/mergers found in the models.

Fig. 4: Structure evolution diagram of a 1D stellar model
experiencing a C-Ne-0O shell merger. Blue regions are convective.
Cyan regions show CBM regions. Taken from Rizzuti et al (2024).
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