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Quick introduction

Supernova Classes

Low-mass Stars
(White Dwarfs)

Massive Stars
(Supergiants)

Type Ia Type II, Ib, Ic

Core-Collapse

Progenitor: 8~20 𝑀⊙

Thermonuclear

( B u r r ows ,  A . ,  2 0 0 0 )
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Quick introduction

( B u r r ows ,  A . ,  2 0 0 0 )( LV C  Su pe r n ov a  Wo r k s h op ,  2 0 1 7 )

Q: How to explode, due to balance 
between 𝜈 heating and accretion? 

Stalled shock or outward one?

1



Student Seminar

Q: How to explode, due to balance 
between 𝜈 heating and accretion? 

Stalled shock or outward one?

Quick introduction

SN1987A

( Cen des ,  Y . + ,  2 0 1 8 )( LV C  Su pe r n ov a  Wo r k s h op ,  2 0 1 7 )
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How to explode?

• 𝜈 from the inner core heats the “gain 

region” behind the shock, where 𝜈 is 

collisional → turbulent convection

• Energy from 𝜈 behind the shock & 

turbulent pressure together overcome 

the accretion pressure

• Key: Gravitational-energy sourced, 

neutrino-driven, and turbulence-aided 

→ Delayed explosion( B u r r ow s ,  A .  &  Va r t a n y a n D . ,  2 0 2 1 )
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Physics behind explosions

• Neutrino mechanism (inelastic scattering, many-body effect)

• Turbulence (multi-dimension)

• Progenitor model

• General relativity

• Rotation

• Magnetic field (hypernova)

• Thermonuclear

• EoS for the inner core

…
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Turbulence

• Asymmetry: 1D is meaningless; 2D appoaches to reality but not precisely; 3D works best

(M u r p h y ,  J  & . B u r r ow s ,  A . ,  2 0 0 8 ) (C ou ch ,  S ,  2 0 1 2 )

3D 2D
( L en t z + ,  2 0 1 5 )
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Turbulence

• Asymmetry: 1D is meaningless; 2D appoaches to reality but not precisely; 3D works best

• Instabilities: standing accretion shock (SASI), convective, Rayleigh–Taylor, Kelvin–Helmholtz …

4



Student Seminar

Turbulence

• Asymmetry: 1D is meaningless; 2D appoaches to reality but not precisely; 3D works best

• Instabilities: standing accretion shock (SASI), convective, Rayleigh–Taylor, Kelvin–Helmholtz …

( F og l i z z o ,  T . + ,  2 0 1 5 )
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Turbulence

• Asymmetry: 1D is meaningless; 2D appoaches to reality but not precisely; 3D works best

• Instabilities: standing accretion shock (SASI), convective, Rayleigh–Taylor, Kelvin–Helmholtz …

( B l on d in ,  J . + ,  2 0 0 3 )

Δ𝑃 𝑎𝑛𝑔𝑙𝑒/𝑃

Axisymmetric SASI

( B l on d in ,  J . &  Sh a w , S . ,  2 0 0 7 )

Non-axisymmetric SASI

Sign(𝑣𝜃)
GW & 𝜈 signals

4



Student Seminar

Turbulence

• Asymmetry: 1D is meaningless; 2D appoaches to reality but not precisely; 3D works best

• Instabilities: standing accretion shock (SASI), convective, Rayleigh–Taylor, Kelvin–Helmholtz …

• Offer ~30-50% of the stress behind the stalled shock

𝑅𝑖𝑗 = Τ𝜌 𝑢𝑖 ( 𝑢𝑗 − 𝑢𝑗) 𝜌0

( C ou ch ,  S .  &  O t t ,  C . ,  2 0 1 4 )
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Turbulence

• Asymmetry: 1D is meaningless; 2D appoaches to reality but not precisely; 3D works best

• Instabilities: standing accretion shock (SASI), convective, Rayleigh–Taylor, Kelvin–Helmholtz …

• Offer ~30-50% of the stress behind the stalled shock

• A roughly dipolar component w/ a random axis

𝑎𝑙𝑚 =
−1 𝑚

4𝜋 2𝑙+1
𝑅𝑠ׯ 𝜃, 𝜙 𝑌𝑙

𝑚 𝜃, 𝜙 ⅆΩ

𝑃𝑙 = σ𝑚=−𝑙
𝑙 𝑎𝑙𝑚

2 /𝑎00

( Va r t a n y a n ,  D . + ,  2 0 1 9 )
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Turbulence

• Asymmetry: 1D is meaningless; 2D appoaches to reality but not precisely; 3D works best

• Instabilities: standing accretion shock (SASI), convective, Rayleigh–Taylor, Kelvin–Helmholtz …

• Offer ~30-50% of the stress behind the stalled shock

• A roughly dipolar component w/ a random axis

( B u r r ow s ,  A .  &  Va r t a n y a n D . ,  2 0 2 1 )(D eLan ey ,  T . + ,  2 0 1 0 )

Cas A
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Summary (for core-collapse supernova)

• Gravitational-energy sourced, neutrino-driven, and turbulence-aided → Delayed explosion

• There are still too many effectors to draw reliable conclusions.

• If lucky, we can observe one event with EM, GW, 𝜈 and cosmic ray signals simultaneously. 

( B u r r ow s ,  A .  &  Va r t a n y a n D . ,  2 0 2 1 )
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Possible questions

• Can we apply the mixing layer theory (MLT) directly? Do we need to modify MLT in supernova?

• Any local simulation approaches? Shearing-box? Shock tube? Expanding box?

• If a BH is formed finally, how does the envelope structure change to a disk one?

• If neutrino can interact with dark matters, what will happen for core-collapse supernovae?
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