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Filippenko (1997) 

Type Ic 
(no H, He, Si) 
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to 
the underlying physical scenario.

Type Ib/Ic/II: Core collapse at 

completion of  the burning stages of 
an individual star with M > 8 M

!
; 

tiny fraction of  released gravitational 
energy transferred to envelope  

Type Ia: Thermonuclear explosion 

that consumes an entire white dwarf  

(remnant of  a star with M < 8 M
!

), 

resulting from accretion 
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The challenge of high dimensionality 

2D + 3D: solution vector of several 109 elements 

3D + 3D: solution vector approaching 1012 elements 

The challenge of accuracy 

Careful numerical methods to simultaneously conserve energy 

and lepton number 
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Accretion continues until the stalled shock is reinvigorated: 
relation between neutron star mass and delay to explosion

The abundance of nuclei with a closed shell of 50 neutrons

The electron fraction...

…is set by ν interactions:
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Neutrino transport:  
1D + 1D  

Totani, Sato, 
Dalhed, & Wilson 
(1998) 

Fluid mixing prescription in the core 

boosts neutrino luminosities; not 

accepted by most other investigators 



P0st‐shock convection



P0st‐shock convection





Fluid dynamics:  
2D 

Neutrino transport:  
1D + 1D  



Fluid dynamics:  
2D 

Neutrino transport:  
1D + 1D  

Mezzacappa et al. (1998) 



Fluid dynamics:  
2D 

Neutrino transport:  
1D + 1D  

Mezzacappa et al. (1998) 

Fluid dynamics:  
2D, 3D 

Neutrino transport:  
2D + 0D, 3D + 0D  



Fluid dynamics:  
2D 

Neutrino transport:  
1D + 1D  

Mezzacappa et al. (1998) 

Fluid dynamics:  
2D, 3D 

Neutrino transport:  
2D + 0D, 3D + 0D  

Fryer & Warren (2002) 



Fluid dynamics:  
2D 

Neutrino transport:  
1D + 1D  

Mezzacappa et al. (1998) 

Fluid dynamics:  
2D, 3D 

Neutrino transport:  
2D + 0D, 3D + 0D  

Fryer & Warren (2002) 

Neutron star mass too small; heating  

drives explosion too soon. 

N=50 overproduction; Ye too low. 
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Liebendörfer et al.  
(2001, 2004) 

Rampp & Janka  (2000, 
2002) 

Thompson, Burrows, 
& Pinto (2002) 

Kitaura, Janka, & 

Hillebrandt (2006) 

Bruenn et al. (2007) 

Fluid dynamics:  
1D 

Neutrino transport:  
1D + 1D  

Explosions only for 8-10 M
!

 stars with 

  O-Ne-Mg cores and an 11.2 M
!

 with Fe core. 

Reasonable neutron star mass;  

  accretion continues during delay. 

Reasonable N=50 element production 

  expected; ejected matter has Y
e
 > 0.46. 

May explain some subluminous Type II-P. 
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The stationary accretion shock is intrinsically 
unstable and could generate phenomena 
traditionally attributed to progenitor rotation.

Endeve et al. (2008)

Magnetic field generation
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2D 

Neutrino transport:  
2D + 1D  

Burrows et al. (2006) 

Magnetofluid dynamics:  
“2.5D” 

Neutrino transport:  
2D + 1D  

Burrows et al. (2007) 

Explosion for 11, 15, 25 M
!

 progenitors.  

Important neutrino transport details left out. 

Is the acoustic mechanism physical? 

Is extremely rapid rotation plausible? 

Reasonable neutron star mass;  

  accretion continues during delay. 

Not yet clear if Y
e
 gives reasonable  

  nucleosynthesis or if the models are resolved. 
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Buras et al. (2006) 

Fluid dynamics:  
2D 

Neutrino transport:  
1.5D + 1D  

Bruenn et al. (2006) 

Full 180º and nuclear network allow explosions, 

somewhat weak, for up to 15 M
!

 so far  

Reasonable neutron star mass; accretion 

continues during delay. 

Reasonable N=50 element production expected; 

some of ejecta has Y
e
 > 0.5. 

Acoustic mechanism not yet clearly probed. 
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nature uses to reenergize the shock and  launch 
the explosion will require:

Detailed simulations 

Comparison against observations
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Spacetime includes all three space dimensions, with good 
resolution on a wide range of length and time scales.

Simulation of collapse and launch of the 
explosion involves a wide range of physics.

Momentum space includes all three dimensions, with good 
resolution of energies and angles.

Self‐gravity is treated with general relativity.
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The treatment of ideal magnetohydrodynamics must be able to 
handle shocks.

Simulation of collapse and launch of the 
explosion involves a wide range of physics.

Nuclear composition changes involving strong, electromagnetic, 
and weak reactions should be tracked in regimes ranging from 
fully kinetic through (quasi‐)NSE, for a very wide range of species.

An equation of state that includes bulk nuclear matter in neutron‐
rich conditions is required.
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Transport must be computed in diffusive, decoupling, and free‐
streaming regimes.

Simulation of collapse and launch of the 
explosion involves a wide range of physics.

Neutrino interactions with all fluid components must be included.

Neutrino flavor mixing should be included (spacetime trajectories 
are still classical, but flavor content must be evolved quantum 
mechanically on macroscopic scales).

Neutrino interactions with other neutrinos and antineutrinos 
must be included.
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in the decoupling 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complete 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in 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Twall ∼ 7 weeks
(

Nt

106

) (
Niterations

20

) (
Nx

106

) (
Np

105

)2 (
RFLOP

1018 s−1

) (εFLOP

0.05

)

As 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example, consider how easily 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of dense blocks arising from 
momentum space coupling can exhaust 
exascale resources. 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Launch of an explosion

Confidence in the simulations derives from 
successful confrontations with observational 
data.

Neutron star mass, magnetic field, and kick velocity

Composition of ejecta

Explosion morphology

Neutrino signals

Gravitational wave signals



GenASiS: General Astrophysical Simulation System 

Adaptive mesh refinement 
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from the gravitational energy released 
when 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degenerate core 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star 
undergoes 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collapse.

These events also involve neutrino and 
gravitational wave signals; in some cases, the 
longer gamma‐ray bursts; enrichment of the 
interstellar medium; neutron star kicks; and 
pulsar/magnetar phenomena.
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of view, the central feature 
is neutrino emission. The basic features of this 
emission can be simply derived.

Understanding the explosion mechanism, 
which gives rise to the optical display that first 
caught humans’ attention, requires detailed 
simulation.
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Detailed simulations of the full seven‐
dimensional problem on the world’s largest 
supercomputers will need to continue for many 
years into the future.
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remaining 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An understanding of neutrino properties is 
needed in order to make full use of supernova 
neutrinos as a probe of the explosion 
mechanism.
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