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Overview

Motivation for 3D MHD supernova progentiors

Setup of simulations perform ed All Results from: (In peer review)

Griffiths et al. 2026a

Key takeaways for magnetic fields | Griffiths et al. 2026b



Motivation: Core collapse supernova

. Credit: NIRCam 2022
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See Obergaulinger and Aloy lll. 2021 .
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Figure 22. Field lines in the jets of models O, P, and S (left to right) at the end of the simulations with the colour indicating the field strength.
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Electron fraction

. . Figure 1. Electron fraction of the ejecta from the different models at the end of the simulation. The models are roughly ordered from least (left) to most (right)
See RelChert et al " 2024 and Bug I | et al . 2020 jet-like. This coincides with the neutron-richness of the model.



Radiative shells:
Assume devlopement

of magnetic instabilities
like MRI/TS dynamo

Convective regions:
Assume flux disipation/
explusion. Does it still
hold at late times?

See Griffiths et al. 2022



Motivation: The need for 3D models

General Strategy: 321D

SE models initialises 3D simulation.

See for example

1 D HOW tO dO thiS With 3 D velocity field

o o initilisation:
mangetic fields ? e

See for example Varma et al. 2025

iImplementation of
convective
boundary mixing:

Whitehead et al.
2025 With 3D results we guide/correct the 1D
assumptions to get better initial conditions
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3D MHD code: HLLC/MPS5 with Low | Reaction network:
Aenus-Alcar Mach fix up ReNet : 258Espec:|es ~
(Obergaulinger & Aloy 2020) (Chen 2019) (See Navo 2023)
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Convective regions IRII o ICII a R2 o cz
rapidly magnetised

Saturation of shear
type instability:
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Magnetic fields in convective regions, amplified via magneto-convection

Predominantly small scale fields —> major difference to radiative zones

Strength of field in convective regions dependant on the local Rossby number
Pathway for 321D feedback to build initial magnetic fields

Progenitor interiors may be fully connected magnetically

Implications for core-collapse explosions results (cf motivations)

Future work

Look at long lived magneto-
convection behaviour earlier in
evolution

Explode models and determine
impact of 3D progenitor field
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Links to material

Griffiths et al. 2026a

DB: x00000 100.xmf

user: uv800199
Sat Sep 5 16:44:57 2026

Griffiths et al. 2026b



Additional Information
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MRI resolution study
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