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Core-collapse Supernovae

Explosive end-of-life product of massive stars
(M ≳ 8M�)

Formation of stellar compact objects

Dynamical feedback on galaxy evolution

Explosive nucleosynthesis ) chemical evolution

Sources of gravitational waves and neutrinos

Where does the binding energy (� 1053 erg) end up?

Neutrinos (� 99%)

Ejecta (� 1%)

Gravitational waves (� 10�8)

Key aspect: how is the shock revived?
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Standard neutrino-driven CCSN
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Energy deposition by �e
and �̄e absorption in gain
layer

Multi-D hydrodynamic
instabilities crucial for
the explosion:

Convection (Janka, 2012)

SASI (Standing
Accretion Shock
instability) (Foglizzo et al., 2015)

99% of core-collapse supernovae explode thanks to neutrinos
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Extreme stellar explosions

Explosion kinetic energy

Typical supernova: 1051 erg

Rare hypernovae and GRBs: 1052
erg

Total luminosity

Typical supernova: 1049 erg

Superluminous SN: 1051 erg

Lightcurves and X-ray plateaus

Strong dipolar magnetic field:
B � 1014 � 1015 G
Fast rotation: P � 1� 10 ms
Kasen and Bildsten (2010); Dessart et al. (2012); Nicholl et al. (2013);

Zhang and Mészáros (2001); Metzger et al. (2008); Lü et al. (2015); Gao

et al. (2016)

Inserra et al. (2013)

Gompertz et al. (2014)
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Magneto-rotational core-collapse supernovae

Main mechanism

Rotation ) energy reservoir

Magnetic fields ) means to extract that
energy through magnetic stresses

Powerful jet-driven explosions (Shibata et al., 2006;

Burrows et al., 2007; Dessart et al., 2008; Winteler et al., 2012; Bugli et al., 2020;

Kuroda et al., 2020; Obergaulinger and Aloy, 2021; Bugli et al., 2021, 2023; Powell

et al., 2023; Shibagaki et al., 2024)

Origin of the magnetic �eld

Progenitor (Woosley and Heger, 2006; Aguilera-Dena et al., 2020)

Stellar mergers (Schneider et al., 2019)

PNS dynamos (Raynaud et al., 2020; Reboul-Salze et al., 2021, 2022;

Barrère et al., 2022, 2023)

Obergaulinger and Aloy (2021)
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