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During its first 3 years, the SNSC has made significant advances in understanding all kinds of supernovae – including those recently implicated as the sites for gamma-ray bursts. Our immediate goals are a better treatment of neutrino transport in 2D models for core-collapse supernovae and of 3D turbulent nuclear combustion in thermonuclear supernovae. Studies of   X-ray burst models and nucleosynthesis are also being actively pursued.

The SNSC uses numerical simulation to study a variety of cosmic explosions, esp-ecially supernovae. These studies involve tracking fluid flows at speeds ranging from extremely subsonic to hypersonic. In many cases, the hydrodynamics is coupled to rad-iation transport, neutrino transport, and complex nuclear chemistry. In some, mag-netic fields and rotation must be considered. Two spatial dimensions (2D) are essential, and three (3D) are preferred.

Currently, the Arizona branch of the SNSC  is completing work on a 2D-workhorse –VULCAN-2D. This is a multi-group, multi-angle (SN) code that uses an arbitrary Lagrangian-Eulerian (ALE) scheme and also incorporates differential rotation. Though the code can address many problems in astrophysics, it was constructed specifically to study the core-collapse supernova prob-lem where neutrino transport plays a key role. Using this code, the Arizona team has published a calculation of the first 22 milli-seconds (Fig. 1) following core bounce in an eleven solar mass star. This is the first 2D multi-group, multi-angle, time-dependent calculation that has been performed in this field and complements the 3D work (with much simpler neutrino physics) reported by our LANL team last year.
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Figure 1 – Collapse of the core of an 11 solar mass supernova calculated using the VULCAN-2D code, including detailed multi-group neutrino transport throughout (NERSC).

Our highest priority in the coming year is to improve on this 2D model and to use the lessons learned to develop a 3D neutrino transport capability. In the long run, we may want to use the LANL RAGE/SAGE  code, or the Chicago FLASH code instead of VULCAN, because of their adaptive refine-ment and higher degree of optimization. 
At UCSC, we are studying low-Mach-number turbulent flows using Glatzmaier’s 3D anelastic code; the LBNL combustion group’s 3D low-Mach-number code; and the Sandia (Livermore) combustion group’s One-Dimensional Turbulence code. The convective structure that characterizes presupernova massive stars is of special interest (Fig. 2). For a star of given mass, this is one of the greatest uncertainties in the initial conditions for core collapse.
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Figure 2 – 2D convective overshoot mixing in a region with a mild entropy contrast.

Calculated using anelastic hydrodynamics (NERSC and UCSC Beowulf)

We are also studying the final convective stage of carbon burning that leads to ignition in a Type Ia (thermonuclear) supernova, as well as the multi-dimensional structure of the fusion flame that ensues (Fig. 3). Both affect the production of radioactive ashes, and hence the brilliance of these supernovae favored by the cosmologist as “standard candles”.  In the near future, we shall 
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Figure 3 – 3D carbon fusion flame in a white dwarf exploding as a Type Ia supernova. The flame is subject to numerous instab-ilities, including the Rayleigh-Taylor in-stability, which affect the rate of burning (NERSC and ORNL).

broaden these studies of flame instability on small scale (meters) to include the whole star using a flame thickening algorithm. 

In addition the SNSC plans to:

1. Work with the Joint Institute for Nuclear Astrophysics (JINA) on the nuclear database maintained at LLNL which is used to compute energy generation and element production in massive stars, and to complete our survey of nucleosynthesis in stars of different masses and initial compositions.

2. Finish development of a special-relativistic adaptive-mesh 2D and 3D code based on the FLASH code for the comprehensive study of the collapse and jet-powered explosion of “collapsars” (Fig. 4). These are massive rotating stars that produce a black hole in their center and bipolar jets. Such jets are thought to produce gamma-ray bursts. 
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Figure 4 – 3D calculation of a highly relativistic jet passing through and exploding the outer layers of a massive star. The jet exits the star and, after going a great distance, makes shocks that power a gamma-ray burst  (NERSC).

We estimate that our computation needs to carry out these projects will be approx-imately 4 million MPP hours per year. 
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