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What are supernovae?
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The name "supernova" dates from the 1930s.

New stars or "novae" were well known.

The debate éout the nature of spiral nebulaeled to the
redizaion that there must be
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The name "supernova" dates from the 1930s.

The word "supernova" is claimed to have been used by
Baade and Zwicky since 1931
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Spectral classfication of supernovae:
Type |: Absenceof H;

Type Il: Obvious H feaures,

The smulation of core-collapse supernovae
Chrigtian Y. Cardall
Gravitational I nteractions of Compact Objeds, KITP, 12-14 May 2003

Christian Cardall, Oak Ridge National Lab (KITP Gravitation Conf 5/13/03)



The Simulation of Core-Collapse Supernovae

Spectral classfication of supernovae:
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Light curve classfication of supernovae:
Type|: Linear dedine in magnitude;

Type ll: Wide variety;
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Light curve classfication of supernovae:
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Physicd classficaion d supernovae:
Thermonuclea runaway;
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(Images courtesy University of Tennesse Astronomy 162 Syllabus)
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Physicd classficaion d supernovae:
Core llapse of a masgve star;
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The observables to understand include

Explosion;

Neutrinos;

Pulsar spins, kick velocities, and magnetic fields;
Gravitational waves,

Element abundances;

Measurements aaossthe EM spedrum,
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Survey of collapse ssimulations
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Some key pieces of physics are
Neutrino transport/interadions,

(Magneto)Hydrodynamics/gravitation,

Equation of state/composition,

Diagnostics,
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Simulations of coll apse and explosion
Multiple spatial dimensions, simplified neutrino
transport

Fryer & Warren (20®) Burrows, Hayes, & Fryxel (19%)
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Simulations of coll apse and explosion

Multiple spatial dimensions, simplified neutrino
transport

Janka & Muedller (1996

Mezzeacappa, Calder, Bruenn, Blondin,
Guidry, Strayer, & Umar (1998
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Simulations of coll apse and explosion
Spherical symmetry, sophisticated neutrino transport

Rampp & Janka
(2000
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Simulations of coll apse and explosion
Spherical symmetry, sophisticated neutrino transport

Liebendoerfer,
Mezzacapa,
Thielemann,
Messer, Hix, &
Bruenn (2007)
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Simulations of coll apse and explosion
Spherical symmetry, sophisticated neutrino transport

Thompson, Burrows, &

Pinto (202)
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Simulations of coll apse and explosion

Multiple spatial dimensions, intermediate neutrino
transport

Janka, Buras, &
Rampp (2002
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The Terascale Supernova
Initiative
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A diverse and experienced investigator team...
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...with expertisein all necessary areas...
Radiation transport,
(Magneto-)hydrodynamics,

Nuclea and we&k interadion physics,
Computer science,
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...and support from the U.S. Department of
Energy:

Funding through the DOE Office of Sciences' SciDAC
program,

Accessto DOE's terascde machines (several 1012
bytes of memory and flops),

Accessto the expertise of teams gedalizing in
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Mission- Explain supernova phenomena most
closely associated with coll apse:

Succesdul launch of shock (explosion mechanism);
Neutrino signatures,

Pulsar spins, kick velocities, and magnetic fields;
Gravitational waves;

Heavy element (r-process abundances.
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Improved electron capture rates

Hybrid shell model/RPA,
NSE distribution

M aximum excursion of
the shock:

Hix, Messer, Mezzacapa et dl.
(2003
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Improved electron capture rates

Greder instabili ty towards
cornvedion

Hix, Messer, Mezzacapa et dl.
(2003
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Some recent pure hydro simulations...

A standing acaetion shock, an analytic solution in
spherical symmetry, is used as an initial condition.

Blondin, Mezzacapa, & DeMarino
(2003
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Some recent pure hydro simulations...

The standing acaetion shock
Is unstable in 2D/3D to the
point of explosion.
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Spatially multidimensional, energy- and angle-
dependent neutrino transport

Conservative formulations of general relativistic

Kinetic theory
Cardall & Mezzacapa (2003
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Spatially multidimensional, energy- and angle-
dependent neutrino transport

Massvely parallel neutrino transport solver
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Towards threespatial dimensions...

Zone-by-zone alaptive mesh refinement: GenASIS
General A S S
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Towards threespatial dimensions...
Pure hydrodynamics:

Radiation hydrodynamics
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Axisymmetric Models
(5D Problem)
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Gravity summary

Our supernova simulations will be Newtonian for the
next few yeas.

Collapse has been done in spherical symmetry.

Post-bounce evolution gives sgnals that probably are too
wedk for LIGO.

We have developed and are working with conservative
formulations of relativistic radiative transfer.

We ae developing GenASIS, an AMR code with
radiation transport; make progresson the “dirty
astrophysics’ of NS-NS mergers.

We want to incorporate full relativity in GenASIS.
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