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Why study supernovae?

Why do some stars explode?

What leads up to the collapse?

How does collapse of the core result in an explosion?

Study exotic physics (nuclear matter, neutrinos, GR) and 
signals (neutrino, GW)
Understand the generation of elements and their 
ejection.

SN 1987a in LMC



Reviving stalled shock with neutrino heating

standing accretion 
shock

Adapted from Hillebrandt, Janka, & Müller, 2006, Sci. Am 295, 4, 42



Ingredients

Supernovae Simulations

Pre-supernova stellar history Stellar evolution models

General Relativity Full/Approximate/Newtonian

Fluid dynamics & Instabilities Grids/Resolution/Symmetry

Equation of State Nuclear/Electron/Network

Neutrino Transport Relativity/Moments/Spectral/
Ray-by-Ray

Neutrino-matter interactions Which ones are needed? 

Matching the physical conditions to numerical inputs to reflect the 
physical fidelity of the system.



CHIMERA
CHIMERA has 3 “heads”
✴ Spectral Neutrino Transport (MGFLD-TRANS, Bruenn) 

in Ray-by-Ray Approximation using modern neutrino 
opacities

✴ Shock-capturing Hydrodynamics (VH1 [PPM], Blondin)
✴ Nuclear Kinetics (XNet, Hix & Thielemann)

Multipole gravity w/ Spherical GR 
correction 
Equations of State:
  Lattimer-Swesty (K=220 MeV)
  Cooperstein/BCK: ρ<1011 g/cm3

[Results: Bruenn et al 2006, 2009, 2013]

Ray-by-Ray Approximation



Chimera numerics
Multi-physics: operator split
540 (radial) x 180 (latitude) x180 (longitude) spherical-
polar grid w/ inner core (8 km) in spherical symmetry.
2-degree phi resolution
Fixed d(cos theta) resolution (~8 deg at pole, to ~2/3 deg 
at equator) 
[fixed solid angle]
Hydrodynamics: dimensional split, needs transposes

Transpose: MPI_AllToAll on 180 sub-communicators
32400 MPI ranks (4050 XK7 nodes, 8 tasks/node, 2 
OpenMP threads)
Each MPI task computes one independent, transport solve 
using local data.



Dimension changes revival
Key result from many previous studies: 1D does not 
explode, 3D may be favorable, or not.
Chimera result:
15 M_sun star.

1D: Fails!

2D: short wait,
rapid expansion

3D: longer delay,
less vigorous?
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Lentz et al., to be submitted shortly...



Comparison Images
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