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M > 7-10 MSUN
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ά/ƻǊŜ .ƻǳƴŎŜέ ŀǘ
nuclear density.

M > ~1.3 ς~2.2 MSUN
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ά/ƻǊŜ .ƻǳƴŎŜέ ŀǘ
nuclear density.

M > ~1.3 ς~2.2 MSUN

This causes
core bounce.
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The Core-Collapse Supernova Problem

ÅShock always stalls:
Dissociation of Fe-group nuclei @ ~8.8 MeV/baryon (~17 B/MSun).
Neutrino losses @ 10 B/s (1 [B]ethe= 1051 ergs).
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Radius (km)
Animation
ōȅ 9Ǿŀƴ hΩ/ƻƴƴƻǊ
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This talk
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Digression:
²Ƙŀǘ ƛǎ ǘƘŜ ά{ǳǇŜǊƴƻǾŀ aŜŎƘŀƴƛǎƳέΚ
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[Ott 2009]

Neutrinos:  Carry away ~99% of the gravitational energy 
of the newborn neutron star (~300 B).



C. D. Ott @ Les Houches, 2011/04/05 13[Ott 2009]

The Neutrino Mechanism
Imshenik& Nadyozhin1964
Arnett 1966
Colgate & White 1966
Bethe & Wilson 1985

The Problem:
5ƻŜǎƴΩǘ ǉǳƛǘŜ ǿƻǊƪΦΦΦ
Fails in 1D, marginal in 2D.
Key may be 3D.
(->Nordhauset al. 2010)
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[Buras et al. 2006ab, Scheck et al. 2007, Burrows et al. 2006, 

Neutrino 
Mechanism

Magnetorotational
Mechanism

Acoustic 
Mechanism

[Imshenik& NadyozhinΨсп /ƻƭƎŀǘŜ 
ϧ ²ƘƛǘŜ ΨссΣ !ǊƴŜǘǘ ΨссΣ ²ƛƭǎƻƴ ΨурΣ 

.ŜǘƘŜ ϧ ²ƛƭǎƻƴ Ψурϐ

ώǇǊƻǇƻǎŜŘ  ōȅ .ǳǊǊƻǿǎ Ŝǘ ŀƭΦ ΨлсΣ ΨлтΤ  
not yet confirmed by other groups/codes]

Introduced by:

Phase-Transition-
Induced Mechanism

[Takaharaϧ {ŀǘƻ ΨууΣ DŜƴǘƛƭŜ Ŝǘ ŀƭΦ 
ΨфоΣ SagertŜǘ ŀƭΦ ΩлфΣ CƛǎŎƘŜǊ Ŝǘ ŀƭΦ Ωмлϐ

[Bisnovaty-KoganΩтлΣ [Ŝ.ƭŀƴŎ ϧ 
²ƛƭǎƻƴ ΨтлΣ aŜƛŜǊ Ŝǘ ŀƭΦ ΨтсΣ 

SymbalistyΩупΣ .ǳǊǊƻǿǎ Ŝǘ ŀƭΦ Ψлтϐ

Alternatives:



MagnetorotationalExplosions

15

[Burrows et al. 2007, Dessart et al. 2008]
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VULCAN 2D R-MHD code, Livne et al. 2007, Burrows et al. 2007.

ÅRapid rotation: 
P0<4-6 s -> millisecond PNS

ÅPNS rotational energy:
~10 B = 1052 erg

ÅAmplificationof B fields up 
to equipartition:

Åcompression

Ådynamos

Åmagneto-rotational 
instability (MRI)

ÅJet-drivenoutflows.

ÅMHD-driven explosion
may be GRB precursor.
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Magnetic field lines in
M15B11UP2A1H of 
Burrows, Dessart, 
[ƛǾƴŜΣ hǘǘΣ aǳǊǇƘȅ ΨлтΦ

Newtonian
Radiation-MHD
Simulations with
VULCAN/2D
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