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What ar e supernovae?
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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 name "supernova" dates from the 1930s.

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

JANUARY, 1940 REVIEWS OF MODERN FHYSICS VOLUME 12

*
Types of Novae
K. FiNAL REMARKS ,'ull:fur:::r.xllﬁ:::'ic::: of Technology, Pasadena, California
In the discussion given in the preceding it was

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 n{M) of novae in dependence of the absolute | seminars and in a lecture course on astrophysics at the
magnitude M at mamimaum brigittiiess possesses ‘California Institute of Technology in 1931.
two maxima atf M=-—7 Jand\M=—14.3, Jrom
which fact we comcitdde the existemce™of two
separate clagses of Tiovae, designated af.common
novae_ind_supernovae.* Jt will be of interest to

—
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Spectral classification of supernovae:
Type |: Absence of H;

Type ll: Obvious H features;
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Spectral classification of supernovae:
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Light curve classification of supernovag:
Type |: Linear decline in magnitude;

Type ll: Wide variety;
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Light curve classification of supernovae:
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Physical classification of supernovae:
Thermonuclear runaway;

Companion Thermonuclear
Star —~ ) explosion
consumes
Accretion Thermonuclear . the entire white
Ring runaway in 1 dwarf star
entire star
Thin hydrogen surface layer
accumulated on white dwarf
through accretion ring

(Images courtesy University of Tennesse Astronomy 162 Syllabus)
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Physical classification of supernovae:
Core collapse of a massive star;
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The observables to understand include
Explosion;
Neutrinos;
Pulsar spins, kick velocities, and magnetic fields;
Gravitational waves;
Element abundances;
M easurements across the EM spectrum,
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Survey of collapse ssimulations
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Some key pieces of physics are
Neutrino transport/interactions,

(Magneto)Hydrodynamics/gravitation,

Equation of state/composition,

Diagnostics,
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Simulations of collapse and explosion

Multiple spatial dimensions, simplified neutrino
transport

Fryer & Warren (2002) Burrows, Hayes, & Fryxe| (1995)
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Simulations of collapse and explosion

Multiple spatial dimensions, simplified neutrino
transport

Janka & Mueller (1996)

Mezzacappa, Calder, Bruenn, Blondin,
Guidry, Strayer, & Umar (1998)

ENTROPY
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Simulations of collapse and explosion
Spherical symmetry, sophisticated neutrino transport

Rampp & Janka
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Simulations of collapse and explosion
Spherical symmetry, sophisticated neutrino transport
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Simulations of collapse and explosion
Spherical symmetry, sophisticated neutrino transport
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Thompson, Burrows, &
Pinto (2002)

Simulations of collapse and explosion

Multiple spatial dimensions, intermediate neutrino

transport
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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 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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Improved electron capture rates

Hybrid shell model/RPA,
NSE distribution

Maximum Shock Radius

M aximum excursion of
the shock:

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

Greater instability towards
convection

Hix, Messer, Mezzacappa et dl.
(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.

Blondin, Mezzacappa, & 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 & Mezzacappa (2003)
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The smulation of core-collapse supernovae
Chrigtian Y. Cardall
Gravitational | nteractions of Compact Objects, KI TP, 12-14 May 2003

Spatially multidimensional, energy- and angle-
dependent neutrino transport

Massively parallel neutrino transport solver

T:
(linear)

s
M (linear)
c

(nonlinear)
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Towards threespatial dimensions...
Zone-by-zone alaptive mesh refinement: GenASIS
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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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Ehe New York Eimes H March 4, 2003

The Real Scientific Hero of 1933

By STEVEN STROGATZ

In 1953, Enrico Fermi and two of his colleagnes at Los Alamos
Scientific Laboratoty, 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.
Over 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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