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The Core-Collapse SN Scenario
ÅMZAMSҗ уτ10 MSun

ÅNuclear fusion up to 
iron-group nuclei.

ÅIron core: electron degenerate, 
Chandrasekhar-mass object;
EOS: 

ÅEffective Chandrasekhar mass:

1.4 ς2 MSun.

ÅOnset of gravitational collapse 
when pushed over effective MCh:
Photodissociationof nuclei and 
electron capture.
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Betelgeuse as seen by the HST,
Distance:  200 pc



Collapse, Bounce & Explosion
ÅCollapse separates iron core into

homologously(v r) collapsing 
inner core and supersonically
collapsing outer core.

ÅEOS stiffens at ́nuc:
Inner core bounce, 
hydrodynamic bounce shock.

ÅShock loses kinetic energy to
dissociation + neutrino losses:
-> Shock stalls.

ÅShock revivaland SN explosion
or collapse to BH 
(collapsar/GRB?).

ÅWhat is the mechanism of shock 
revival?
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Explosion mechanism must tap the gravitational 
energy reservoir and convert the necessary 

fraction into energy of the explosion.
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The Essence of Core-Collapse Supernova 
Explosion Mechanisms

ÅCollapse to neutron star: 
3 x 1053 erg = 300 Bethe [B] gravitational energy.

Å 1051 erg = 1 B  kinetic and internal energy of the ejecta. 
(Extreme cases: 1052ŜǊƎΤ άhypernovaέύ

Å99% of the energy is radiated as neutrinos over hundreds 
of seconds as the protoneutron star (PNS) cools.



ÅNeutrino-driven 
mechanism:
Based on subtle imbalance 
between neutrino heating 
and cooling in postshock 
region. 

45+ Years of Theory & Modeling
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[Wilson 1985; 
Bethe & Wilson 1985]

ÅBounce shock always stalls. 
Direct hydrodynamic 
άǇǊƻƳǇǘέ ƳŜŎƘŀƴƛǎƳ ŦŀƛƭǎΦ 

[Thompson et al. 2003, Rampp& Janka
2002,  Liebendörferet al. 2002,2005]
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Problem: Fails to explode 
garden-variety massive 
stars in spherical symmetry. 

Breaking of spherical symmetry is the key 
ingredient of the SN mechanism!


