Explosions of
/ Massive Stars

»
core collapse supernova

Relevance:
= Element Production
= Cosmic Laboratories
= Driving Application

121 people from 24 institutions! -



Ties to DoE Facilities

extra-Galactic!
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Figure [IL1: Phase diagram of nuclear matter.
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Need Boltzmaxan Solution

“Gray” Schemes Inadequate

The bar is high! (10% effects can
make or break explosions.)
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Scattering kernels input to
Boltzmann equation.
Memory bandwidth issues.



Complatas Ioharical odzls with Selizinann Transyor:

NEWEONIEN Ganaral altists

Mawtanian Shock Trajaclarias

ZEFFF

Radius k]

Time After Bounce [s]

No Explosions!

=No 2D/3D supernova models with realistic neutrino transport exist!



sSararically Svumgirie Maodels (3D)

Axisymmetric Models (5D)

NO Impoesea Symmetry (61D)
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- Solve very large eigenvalue problems.

One of the most beautiful aspects of this problem!
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Use SMMC/RPA hybrid model (Dean/Langanke) until shell models reach requisite A.

For the first time, explored the ramifications of detailed electron capture
rate computation on the dynamics of stellar core collapse.

-

Merger of nuclear physics and astrophysics at their respective frontiers.



Initially weaker shock, formed deeper, propagates out to same mass!
In its wake, leaves different core entropy, lepton gradients.






QuickTime™ and a
Compact Video decompressor
are needed to see this picture.



QuickTime™ and a
Video decompressor
are needed to see this picture.



= Difficult to produce.

An r-process can occur in proton-rich environments!
= If nuclear reactions out of equilibrium.



NS

3.2 X 1015 V's/s Supernova neutrino RMS energies
between 10 and 25 MeV!
60 Hz Pulses



" Gravitational Waves



Transport Linear Systems (TOPS)
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Transport Developments (TSTT)

10X Faster, 10X Less Memory



Transport Developments (TSTT)




Supernova Data
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Raised many issues.

QuickTime™ and a
Cinepak decompressor
are needed to see this picture.



=EnSight

QuickTime™ and a
Animation decompressor
are needed to see this picture.

QuickTime™ and a
Animation decompressor
are needed to see this picture.
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QuickTime™ and a
Animation decompressor
are needed to see this picture.



Code Performance (PERC)

VH-1 (PPM)

AGILE-BOLTZTRAN

Instrument Codes with Performance Tools: SvPablo, Tau

Instrumentation helped improve tools!



Varifisation and Yalidativ

) Verification (Two Approaches, Same Equations)

Validation
(3 Approaches)

Verification Validation

= Multifrequency crooked pipe.
...



Percentage of Peak
(Single: Single Processor)

Eagle Cheetah Seaborg X1
AB NES 24% (Single)  12% (Single) 46% (Single)
AB 9% (Single) 5% (Single) 9% (Single)
V2D 18% (1024)
GENASIS 30% (Single) 15% (Single)

2 Biggest Pieces:
= Computing kernels.

. _ = Solving Boltzmann equation.
=Radiation solve only, no scattering kernels.






We need to invest now.

for science we want in 5-10 years.



