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Current Status of the Neutrino Mechanism

always fails: “Bounce Shock” doesn’t
work

might work
for O/Ne/Mg cores (e.g., 10.8-solar-mass model: Kitaura
et al. 2005), powered by neutrino-driven wind, but
underenergetic: ~10° ergs

11.2-solar-mass model of WHW (2002) might explode by
the (Buras
et al. 2005b), aided by density cliff, but underenergetic:
>10% ergs (mantle binding?), other progenitors very
problematic (fizzle, but 3D??)

(AIC): neutrino-driven wind
mechanism; underenergetic as well (Dessart et al. 2006)

Pulsar birth spins are low, making

unlikely in the generic case, but hypernovae
and GRBs (<1% of core collapses)



Key Ingredients of New Mechanism

Neutrino-driven convection early on
After ~200+ ms, another instability is manifest

(

Nested / is generated during
vigorous, large-scale oscillation: multiple shocks and
shock interactions!

due to of shocking and neutrino
heating

generated in core power the supernova
explosion: Acoustic power and momentum flux!




Key Ingredients of New Mechanism (cont.)

m Unlike neutrinos,

= Sound pulses ; transfer
energy from inside to shock (“absorbed”),
converting gravitational energy into mantle
energy and momentum

(11-solar
mass model)

Progenitor mass dependence??
generated acoustically:

Core is a transducer;
capacitor




VULCAN/2D Multi-Group,Multi-Angle,
Time-dependent Boltzmann/Hydro (6D)

Arbitrary Lagrangian-Eulerian (ALE); remapping
6 - dimensional (1(time) + 2(space) + 2(angles) + 1(energy-group))
, Arbitrary Grid; Core motion (kicks?)

, S, (<150 angles), time-dependent,
(still slow)

version (quite fast)

Axially-symmetric;
Flux-conservative; smooth matching to diffusion limit

Velocity-dependent terms: advection included (DI/dt), but not yet
Doppler/ Aberration terms

Parallelized in energy groups; almost perfect parallelism

Energy redistribution: explicit

New Implicit Hydro version

Livne, Burrows et al. (2004), Ap.]J., 609, 277

Walder et al. (2005), Ap.J., 626, 317; Ott et al. (2004) Ap.J., 600, 834
Burrows et al. (2005), Ott et al. (2005), submitted
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DENSITY

VELOCITY
Time = 400.0 ms
Width = 100,00 km




Time = -0.80 ms Width = 50.00 km
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Time =-199.0 ms
Width = 750.00 km
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Why was this Mechanism missed before?

Most calculations were stopped after 200-300 ms

Other grid-based codes excised the core, did the
calculations on a 90° wedge, or followed the core in 1D,
completely suppressing core oscillations

Crucial capabilities: 1) Momentum conservation, 2)
“Cartesian-like” grid in the core (Courant condition), 3)
High-precision gravity solver, 4) Moving grid (to
maintain high-resolution under core):




A ccretion-Induced
Collapse of

O-Ne-Mg White
Dwarfs
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Gravitational
Radiation from
Supernovae

Ott et al. (2005)
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Summary of Salient Features of New
Mechanism

Neutrino-driven convection starts early; Neutrino
mechanism inadequate?

Delayed onset of

Nested / ; Entropy grows due to
of shocking and neutrino heating:
but SASI not the agency of explosion

(damping

mechanism)




Summary of Salient Features of New
Mechanism (cont.)

Excitation by funnel accretion continues as long as it is
needed to explode mantle

Sound pulses steepen into multiple, nested shock waves;
r-process entropies possible

Self-excitation of core oscillation; core is transducer,
storage battery




Width=- 12649.11 km
Time = -202.58 ms




Core-Collapse Supernovae: The Future

and propagation: new way of transferring
energy and momentum from core to shock

and Convection are generic: Neutrino-driven,
Advective/ Acoustic-SASI

(r-process)

Is there an important role for ?
Is there a role for ? Pulsar fields?
viscous heating and angular momentum transport
Equation of state?
Neutrino rates?

: kicks, r-process, SN energy, BH of
observables/diagnostics?

GRB /hypernova /SN connections!
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VELOCITY
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