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A Burrows?

1. INTRODUCTION

This decument serves as the final repart for the Arizona phose (DE-FOO2-06ERA1452)
of o SelDAC award (entitled “SoiDAC Computaticnal Astrophysics Consortium” (CAC),
cwerall PI Stan Woosley at UGSC). It includes a statement on pemsonnel funded, science
accomplished of Arizona, collaborations inou gurabed and pursued, leverage provided by the
SciDAC award, and publicaticns generated. Should vou require any further information,
please don'™t hesitate to inquire of Adam Burrows (P1) at burrows@astro.princeton .edu. The
project is now enbering its second phase, now at Princeton University under award number
DE-FGO2-08ER41544, but hos closed out as of MMarch 14, 2008 ot Arzona.

2. PERSONNMEL

# University of Arizona - The oo-1% were Burrows and Hubeny, The postdoc supported
by SciDAC was Dessart. BPunrows moved to Pronceton University this January 2003
and hmss moved the Ard-ona effort with him. Postdoc Dessart joined him in Princeton
near the stark of the grant vear (IMarch 15, 2303) and it is expected that Hubeny will
join him later in 2003, Funds to support Hubenyv in this SaDAC project will come
from startup monies provided to Burrows by Pronceton. An additional postdoc, O,
was being paid by JIMA to work on projects of inberest to the CAC, in particular gen-
eral relativistic hyvdredynamics and r-process nuclecsynthesis. During the last grant
vear, the SciDAC award at Arizona supported half-time visualization specialist Fisher,
who received such support under SciDAC through March 14, 2008, Afber that he was
supported through June 2003 under an MEF award to Burrows that remained at Ari-
zona, and will terminate June 30, 2008, After that at Pronceton, the Burrows SaDAC
projects will receive visualization support through the PICSHE computer cluster ini-
tiative there and through his stadup funds. Graduate student MMurphy was supported
under ScilAC through March 14, 2008, after which he received suppart from the same
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ITSF award mentioned above. He finishing his Ph. D thesis (which is mostly to develop
and employ the BETHE-hydro code under SciDAC) on June 16, 2008, Recruitment is
in progress for ancther SciDAC postdoe, to be funded bo Princeton. Wark at Ardzona
forusad on core-collapse superncrme and radistion transport and will be continued ok

Princeton the next three vears.

3. BSCIENCE

3.1. At the University of Arizona

Team members at the University of Adzona worled chiefly on radistion transport and
models for care collapse supernorane, and hove recently published papers on MHD jets from
oore oollapse.

Burrows, Dessart, and Ot {along with collaborator El Livne of Hebrew University ) have
recently published state-cof-the-ark models of MHD-driven explosions of the rapidly rotating
cores of massive stars. The code used is an updated version of VULCA /2D that includes
magnetic felds and magnetic torques. In the conbext of rapidly potating Chand rasekhar
cores, they hawe determined the jet powers, detniled driving mechanisms, critical rotation
rates for MHD domination, spindown rates, and degree of collimation. The relative roles of
Povnting and hvdrodvnamic Huxes were studied and the possible connection with hyvpernova
encplosions wos explored. Moreover, the protonsutron star stage before black hole tormation
in the collapsar model of GRBs was investigated and the possibilty that a barvon-loaded et
phase mav always procesd the collapsar phase was investigated. Thev also studied LIHD-
driven explosions after the accretion-induced collapse of white dwarts in binanes.

Hubeny and Burrows published an extensiwe paper on the BETHE-transport scheme.
Developed under SciDAC, BETHE-transport is a multi-T, multi- group, multi-angle, welocity-
dependent radiation transport code. The BETHE-hyvd to cod e has been developed bar Burrows
and graduate student Murphy (whose PhD. thesis this is) and is an ALFE oode with an
unstructured mesh. The coupling between the transport and hvdrovanants tocreate BETHE
is now underwoy and should be completed in the nexdt sic-eight months. The result »ill be
the only fully multi-I, oulti-angle, multi-group supernowm code in endstence and can be used
for both neutrines and photons.

Burrows and Hubeny havre begun their collaborabion with Bell at LBML and Howeell and
Singer ot LLITL to develop a 3D mult-group Hux-limited diffusion rad /hyvdro code, CAS-
TRO. One application of this code will be to further their multi-D study of core-collapse
supernome and to create an all-purpose 3T radiation/ hydro capability for general astrophys-
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ical simulation.
Burrcws, Ott, Dessart, Livne, and Murphy are continuing their investigation of the
acoustic mechanism they have seen in their longterm supernora simulations, in particular

the progenitor dependence and the r-process nuclecsynthesis. With . Otsuld, thev have
calculated the r-process vields of these explosions and a paper is in progress.

Otk and Burrows are using the 5, multi-angle wariant of VULCAN /2D to compare
the neutrino heating rates and net gain behind the stalled shock using this more precise
approach to what the multi-group, Hux-limited diffusion (MGFLD ) approach gives. This is
the cnly mulk-D (2D, multi-angle, mulki-group exploration of the neutrine radiation field
and emissions ever undertaken, except for an earlier paper by Livne ot al. (2004) which
corered onlv 22 milliseconds of evolution. This worls oovers hundreds of millisesconds of
evolution. All the rest of the published vtk in the field has been Hux-limited or rav-bo-ray
{multiple 1D calculations ).

BMurphy interacted with Daid Ieves of TOPS to develop a robust Poisson solver for
unstructured meshes that is nowr used in BETHE-hydro. Chostian Ott partnered writh
PERI to optimize their 3T general-relativisitic collapse hyd o code, Cactus / Carpet/ Whisley
(“CCW" ), and Burrews and Fisher partnerad with Janet Jacchsen of the VisIk visualization
group at LBINL under Wes Bethel to suppot and expand our visualization effcrts.

Using the supernova spectral code, CIMF GEIT, Dessart hos modeled numercus Type Ip
and IIn superncvae and calibrated their use as distance standards. HRecently, Dessart has
incorporabed time-dependent leval populations and ionization inbo CMEFGEN and hos usad
the updated code to compare with measured supernova spectra, obtaining unprecedently
good fits. He, Hillier (Pittsburgh), and Burrows will scon generate thecretical Type Ia
spactra in support of the cwerall Type Ia cosmological effort and spectral code comparison
protocol planned under the SciDAC, CAC, Along with Burrows, Dessart is developing a
general supernova light curre simulation capabiliby to be applied to the analvsis of supernora
data obtmned over the last 5 vears and anticipated in the nect.

4. COLLABORATIONS AND INTERACTIONS
4.1. With SciDAC Centers

The Arizona team also interacted with TOPS to develop a robust Poisson solver for
unstructurad meshes to be used in BEETHE, and is starting to partner with PERI to ophi-
mize their 3D general-relativistic collapse hydro code, Cactus /Carpet / Whisle (“CCW™ ). It



is partnerad with the Vislt visualization group at LBIML under Wes Bethel (with Cristina
Siegerist collaborabing with Arizona’s Don Fisher ) to support and expand Arizona’s visual-
ization efforts. The Arizonsa team collaberated with APDEC PI John Bell (LBIML), Louis
Howrell (LLIML), and IMike Singer (LLIL ) to create the 30D CASTRO AMR radhydro code,
in particular its transport module.

3. LEVERAGE AND COMPUTER TINME AWARDS

¢ Team members at Ar-ona (now at Princeton) have leveraged SciDAC funds with
complementary MEF funds, in particular from the PFC JIITA and through a direct
individual-investigator grant to PI1 Burrows. In addikion, the Arnzona team obtained a
computer allocation on IMTASAS Columbin machine to pedorm supernowm siomilations
of relemnce to their SciDAC efforts. Finally, Burrows negotiated a startup padmge
from Prnceton University that provides computer clusters and visualization expertise
insuppot of his SciDAC projects and a cne-to-one match of S DAC funds transferrad
to Princeton.
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