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"Delayed” SN Explosion

Accretion vs. Neutrino heating
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proto-neutron star

R = 80-100 km
M= 1.2 M
T2 10 MeV
PSU
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heating region

-
-
-
e

v - sphere (energy dependent!)

R, = 50-70 km

Ly, =2 x 102 erg/s x exp [-t/t, ]
t, = 0.5-0.7s

<ey > =15 MeV
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Mass loss Stellar Rotation
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TF Two conditions occur (sometimes):
1. Failure of neutrino powered

SN explosion

a. complete
b. partial (fallback)

2. Rotating stellar cores
j>3 x 10! cm?/s
THEN
Rapidly accreting black hole, (M~0.1 My/s)
fed by collapsing star (f4, ~ 446 s/ p*~ 10 s)
Disk formation

—|COLLAPSAR
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Collapsar - Disk and Jet

-
» pre-SN 15 Msun Helium star /\
» Newtonian Hydrodynamics (PPM) o \/

* alpha viscosity L N
* rotation g )

 photodisintegration (NSE alpha, n, p) N~
* neutrino cooling, thermal + URCA optically thin

 |deal nucleons, radiation, relativistic degenerate electrons,
positions

» 2D axisymmetric, spherical grid
* self gravity
e R, =9 R, R, =9000 R,

See talks by Fryer and McLaughlin
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"Nickel Wind"

Nickel Wind Movie
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Collapsars: From Engine to Afterglow
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t=1.00e-04 +1.11e+01

uMax = 17.2
+1.06e+01

— +8.77e+00

+8.30e+00

+7.84e+00
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Hydrodynamics on a dynamic
Voronol Mesh
* Borgers & Peskin (JCP, 1987) -

Incompressible Navier-Stokes - Physiology

» Springel (2010) - Compressible Euler -
cosmology - “Arepo’

 Duffell & MacFadyen (2011) - Relativistic
MHD - astrophysics - “Tess”
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Numerical Methods for Solving Conservation Laws
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TESS: Lagrangian Hydrodynamics using a Dynamic
Voronoi Mesh
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TESS: Lagrangian Hydrodynamics using a Dynamic
Voronoi Mesh
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Standard Mesh Motion
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Turbulence on Moving Mesh
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Fixed Mesh

Moving Mesh
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Fixed Mesh
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Fixed Mesh
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Reverse Shock

Forward Shock

Contact
Discontinuity
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Lorentz Factor = 10 30 100
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RT Turbulence Spectrum
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gamma®*beta
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