


by Fleming’s experimental group to play a photopro-
tective role in green plants.

The computational scientists are also aiming to
develop optimal quantum Monte Carlo methods to
calculate the excited state of even larger molecules
involving thousands of electrons — a task that will
require the capabilities of the next generation of

supercomputers. Although the focus of this project
is photosynthesis, the work itself is fundamental
electron chemistry, so the computational methods
and codes developed in this project are likely to find
applications in a much wider range of chemical
research.

Research funding: BES, INCITE
(Organizational acronyms are spelled out in Appendix H.)

BEHIND THE BIG FLASH

CALCULATIONS REVEAL NEW EXPLANATION OF SUPERNOVA EXPLOSIONS

Type la supernovae are stars in more than one sense — they are playing a leading role in revealing

the history of the Universe, and they are attracting the devoted attention of a multitude of researchers.

As cosmic distance markers, Type la supernovae,
combined with other observations, led to the discov-
ery of the mysterious dark energy that is accelerating
the expansion of the Universe. These supernovae
also play an important role in the chemical evolution
of the Universe, fusing carbon and oxygen atoms
into heavier elements such as magnesium, silicon,
sulfur, iron, and nickel.

Understanding Type la supernovae in more detail will
provide answers to many cosmological questions. But
one of the most basic questions about the supernovae
themselves remains unanswered: How do they explode?

Although the origins of Type la supernovae have not
been demonstrated conclusively, they are generally
believed to originate in binary systems in which a
dense, compact star (possibly a white dwarf) accretes
mass from a companion star (Figure 1). When the
compact star's mass approaches the Chandrasekhar
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limit (about 1.4 times the mass of the Sun), a ther-
monuclear explosion takes place, consuming the
entire star and creating a brilliant flash that travers-
es the expanse of the Universe. But the triggering
mechanism of that explosion, and the details of its
evolution, have remained mysteries.

A star can burn in two ways: like a flame, which is
called deflagration, or like an explosion, called deto-
nation. Neither deflagration nor detonation by itself
can explain everything astronomers see in Type la
supernovae. So in the past decade, theorists have
proposed several “delayed detonation” models, in
which a deflagration phase is followed by detona-
tion. These models produce plausible results, but
they do not explain why or when the star detonates.

More details on how the explosion might be initiated
have emerged from the unprecedented full-star sim-
ulations created by one of the 2004 INCITE projects



