
We computed a range of 3D 
hydrodynamics simulations of 
nuclear burning shells: carbon 
(Cristini et al 2017, 2019) neon 
(Rizzuti et al 2023) and silicon 

(Varma et al, ArXiV2608.04954) 
as well as shell mergers (see Fig. 

1, Rizzuti et al 2024) with the 
PROMPI code (Meakin & Arnett 

2007) using initial conditions 
from 1D MESA or GENEC stellar 

evolution models, see e. g. in Fig. 
4). 3D simulations include up to 

25 nuclides.

Combining 3D simulations and 
theory (entrainment law), we 

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 f0p02). 

Shell mergers are dynamic 
events that create unique 

nucleosynthesis conditions 
characterised by high a 

Damköhler number (Da = 
tmixing/tnuclear ~ 1). In such 

events, chemical composition 
is not spherically-symmetric 
(see Fig. 3) and deviate from 
the traditional 1D onion-like 

picture of massive stars. 

Key Points:

- We can use 3D simulations to guide 
1D stellar evolution modelling (321D 
loop).

- Our latest 321D-guided models 
encounter a wide range of shell 
interactions/mergers.

- Shell mergers create unique 
conditions that change the structure, 
fate and nucleosynthesis of massive 
stars.
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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.

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

Fig. 2: Fitting of entrainment law parameters using the results of 
3D simulations as well as analysis of 1D models (Scott et al 

2021, SH21). Taken from Rizzuti et al (2023).

Fig. 1: Representation of a 3D computational domain (~2) 
comprising equatorial and vertical planes. Colour shows flow speed. 

Taken from Rizzuti et al (2024). 

Watch the 
merger movie!

Link to Whitehead 
et al (2026)

Fig. 3: Angular cross-sections showing abundance fluctuations 
at fixed radius, spanning 2σ around the mean value (a360n1024 

simulation from Rizzuti et al 2024 at 1500 s). 

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.
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