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Neutrinos &
SN Explosion
Mechanism

T. Janka 2014

Explosions powered by
neutrino heating, supported
by violent, large-scale
hydrodynamic instabilities in
the postshock layer

“Neutrino-heating mechanism”: Neutrinos “revive' stalled shock by energy deposition
(Colgate & White 1966, Wilson 1982, Bethe & Wilson 1985);

* Convective processes & hydrodynamic instabilities support heating mechanism
(Herant et al. 1992, 1994; Burrows et al. 1995, Janka & Miiller 1994, 1996;
Fryer & Warren 2002, 2004; Blondin et al. 2003; Blondin & Mezzacappa 2007,
Scheck et al. 2004,06,08, lwakami et al. 2008, 2009, Ohnishi et al. 2006).
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* Shock breakout
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Figure1| Shock break-out. Soderbergand
colleagues’ observations' of an X-ray outburst
preceding a type-Tbc supernova provide
sterling support for prevalent models of how
these cosmic explosions occur. a, Once its
nuclear fuel is exhausted, the core of a massive
star collapses in onitself, generating a huge
explosion that propagates outwards as a shock
‘wave. The progenitor star is surrounded by
a‘wind' of gas previously lost from the star.

b, Aftera matter of minutes, the shock wave
reaches the surface of the star (the photosphere)
and radiation from the explosion that is
trailing in its wake escapes, accelerating the
surrounding gas outwards. The moment of
this ‘shock break-out’ is what the authors
succeeded in capturing. ¢, Days later, a layer
of hot gas has develaped where the rapidly
expanding, but cool, supernova gas impacts
on the surrounding wind. This shocked layer
isthe site of electrons moving close to the
speed oflight that are responsible for radio
and X-ray emission, typical supernova
signatures.
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BHEFLoEHED2, Shock heating
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CO Star Models for SNe Ic
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Why does a supernova shine ? : Others

* Interaction of SN ejecta with Circum stellar
matter (CSM) = Type lIn supernova

* Energy of Magnetar (???
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Super luminous SNe
: Absolute peak magniturde <-21 mag
= Large *°Ni mass > Pair-instabillity SNe ???
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