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The name "supernova" dates from the 1930s.

New stars or "novae" were well known.

The debate about the nature of spiral nebulae led
to the realization that there must be
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The Supernova Mechanism

The name "supernova" dates from the 1930s.

The word "supernova" is claimed to have been
used by Baade and Zwicky since 1931.

REVIEWS OF MODERN PHYSICS VOLUME 12

Types of Novae’

e — F. Zwicky
K. FiNaL REMARKs California Institute of Technology, Pasadena, Califarnia

In the discussion given in the preceding it was A
pointed out that the data at our disposal enabled =
us to establish the fact that the frequency func- ' * Baade and I first introduced the term “‘supernovae” in )

tion #{M) of novae in dependence of the absolute || seminars and in a lecture course on astrophysics at the
magnitude M at_maximum brigiftness passesses | California Institute of Technology in 1931.

two maxima at{ M=—7T Jand\M=—14.3, Jirom
which fact we comcilide the existéiice of _two

separate classes™5I novee, designated aS.«common L L — 103
S CN

novae And.supernovae.* [t will be of interest to
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Spectral classification of supernovae:

Type |: Absence of H;

Type Il: Obvious H features;
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Spectral classification of supernovae:

—2.5 log f, + Constant
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Light curve classification of supernovae:

Type I: Linear decline in magnitude;

Type II: Wide variety;
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Light curve classification of supernovae:

H i ppenko (1997)
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Physical classification of supernovae:

Thermonuclear runaway;
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Physical classification of supernovae:

Core collapse of a massive star;
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Physical classification of supernovae:

Core collapse of a massive star;

Center of

= a4x10*
T =4x107K the Star

p=10" g/em?

Center of 25 Solar Mass Star Late in its Life

(I mages coutesy Un vargty o Tennesse Astronony 162 SAl abus)
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Presupernova Structure Core Collapse and Explosion
representative of a 15 M star
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The Supernova Mechanism

The observables to understand include

Explosion;

Neutrinos;

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

Element abundances;

Measurements across the EM spectrum,
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The Supernova Mechanism

Some key pieces of physics are

Neutrino transport/interactions,

Hydrodynamics/gravitation,
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Some key pieces of physics are

Equation of state/composition,

Diagnostics,
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Simulations of collapse and explosion

Multiple spatial dimensions, simplified neutrino
transport

Fyer & Warren (2002 Burrows, Hayes & Fyxdl (1995

Simulations of collapse and explosion

Multiple spatial dimensions, simplified neutrino
transport

Janka & Mudl e (1996)

Mezzacappa Gl de, B uenn
Bondn Qidy, Sraye, & Unar

ENTROPY
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Simulations of collapse and explosion

Spherical symmetry, sophisticated neutrino
transport

Ranpp & Janka
(@000
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Simulations of collapse and explosion

Spherical symmetry, sophisticated neutrino
transport

Li ebendoerfer,
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Br uenn (2001)
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Simulations of collapse and explosion

Spherical symmetry, sophisticated neutrino
transport

Thonpson, Burows, &
A rt o (2002
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Simulations of collapse and explosion

Multiple spatial dimensions, intermediate neutrino
transport
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...with expertise in all necessary areas...

Radiation transport,
(Magneto-)hydrodynamics,
Nuclear and weak interaction 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,

Access to DOE's terascale machines (several 10%?
bytes of memory and flops),

Access to the expertise of teams specializing in

The Core-cdl apse Supernova Mechan sm

Chrigian Y Caraddl
Neutrinos: Datg Qosnos, and Rank Sde 37 March 2003 = = | riti dive

Christian Cardall, Univ Tennessee & ORNL (KITP Neutrino Conf 4/04/03)

14



The Supernova Mechanism

Mission- Explain supernova phenomena most
closely associated with collapse:

Successful 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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Neutrino Signature Collaborators:
Beacom (FNAL)
Boyd (OSU, NSF)
Bruenn (FAU)
Heise (SNO)
Vagins (Super-K)
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Improved electron capture rates

Hybrid shell model/RPA,
NSE distribution [

Maximum excursion of
the shock:

H x, Messer, Mezzacappa € d.

(2003)
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Improved electron capture rates

Greater instability towards

convection

H x, Messer, Mezzacappa € d.
(2003
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Some recent pure hydro simulations...

A standing accretion shock, an analytic solution in

spherical symmetry, is used as an initial
condition.

B ond n Mezzacappa & DeVhrino
(2003
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Some recent pure hydro simulations...

The standing accretion 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 Cardd! & Mezzacappa (2002
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Spatially multidimensional, energy- and
angle-dependent neutrino transport

Parallel transport solver  Carddl & Mezzacappa, in preparaion
2D: solution vector of several 10° elements
3D: solution vector approaching 102 elements

F=T+8+M+C
T: t,
(linear)

S
M (linear)
C

(nonlinear)

The Core-cdl apse Supernova Mechan sm
Chrigian Y Garddl
Neurinos. Data Gosnos, and Rank Sde 37 March 2003

Christian Cardall, Univ Tennessee & ORNL (KITP Neutrino Conf 4/04/03)

18



The Supernova Mechanism

Axisymmetric Modd s
(5D PRoben)
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March 4, 2003

The Real Scientific Hero of 1953

By STEVEN STROGATZ

In 1953, Enrico Fermi and two of his colleagues at Los Alamos
Scientific Laboratory, John Pasta and Stanislaw Ulam, invented
the concept of a "computer experiment.” Suddenly the
computer became a telescope for the mind, a way of exploring
inaccessible processes like the collision of black holes or the
frenzied dance of subatomic particles — phenomena that are too
large or too fast to be visualized by traditional experiments, and
too complex to be handled by pencil-and—paper mathematics.
The computer experiment offered a third way of doing science.
Ower the past 50 years, it has helped scientists to see the
invisible and imagine the inconceivable.

But perhaps the most important lesson of Fermi’s study is how
feeble even the best minds are at grasping the dynamics of
large, nonlinear systems. Faced with a thicket of interlocking
feedback loops, where everything affects everything else, our
familiar ways of thinking fall apart. To solve the most
important problems of our time, we're going to have to change
the way we do science.
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