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WHAT'S HOT IN PHYSICS
n April 3, 1867, Ernst
Tempel, a comet seeker
at the Marseille
Observatory in France,
swept his telescope through
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the constellation Libra, where
he spied a 9t magnitude
fuzzy interloper that we know
today as periodic comet 9P/

Tempel 1. This was to be his
most important discovery,
although he could not have
foreseen the developments
that would make the comet
the subject of new Hot Paper
#1, which describes the
science outcomes of a collision
engineered by NASA in which
a metallic impactor with a
mass of 364 kg was
deliberately crashed into the
comet.

Comets were formed from
gas, ice, and dust about 4.5 x
109 years ago in the outer
solar system, and their
chemical composition reflects
that of the primordial solar
system. Each time a periodic
comet makes a close approach
to the Sun, volatile gases and
dust are released from the
surface to form the comet’s
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83, February 2006. [11 U.

S. institutions] *010RX
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Adv. Funct. Materials, 15
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tail that so delights the casual
onlooker. Over time the
surface composition changes:
the evaporation of volatiles
leaves behind a coating of
dark silicate dust that reflects
hardly any sunlight. The icy
interior, however, preserves
the original composition. The
purpose of NASA’s Deep
Impact mission was to blast
through the silicate crust and
release pristine volatiles for
spectroscopic analysis.

Deep Impact consisted of two
spacecraft: the impactor itself,
and a flyby mothership to
observe the fireworks and
relay the data. Almost all of
the world’s large observatories
recorded the event on July 4,
2005, a level of activity
unprecedented in the history
of astronomy. Much of the
science from the space
mission was actually
conducted on Earth’s surface.

Close-up images of Tempel 1
obtained just before impact
show signs of geological
activity. Its surface shows
many classical impact craters,
as well as scarps and
geological strata that hint at a
layered interior.

Prior to the collision, comet
researchers had not been sure
what to expect. Perhaps the
comet would be smashed to
smithereens, or, maybe, the
impactor would be swallowed
up like a pole hitting
quicksand. In the event, the
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impact surprised the experts:
it blew out a huge cloud of
microscopically small particles
(1-100 p m) that created a
dense dust cloud shielding the
impact crater from view. The
quantity of dust expelled was
of on the order of ~107 kg.
This fine material is probably
tens of meters deep.

After the dust had settled,
scientists could clearly see
that it was compositionally
different from the normal
surface. There were large
increases in organics during
and after the event. Emission
features in the ejecta
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spectrum include H,O, HCN,
CO,, as well as vibration mode
signals from H,CO (formaldehyde) and CH3z0H (methanol).

By looking at the rate at which the ejecta cone expanded, principal investigator
Michael A’Hearn (University of Maryland) and his colleagues conclude that the
bulk density of the cometary nucleus is 0.6 g cm-3, broadly similar to freshly
fallen snow. This comet is decidedly fluffy: half of it is empty space rather than
rock-hard ice. About two-thirds by mass is pure water ice.

Most comets, when approaching the Sun, undergo outbursts. By looking at
these outbursts before and after impact, researchers have concluded that the
natural and impact-induced outbursts are very similar, which means that a
comet’s tail is composed of material that originates below the surface.

For Science Watch, A’'Hearn commented on the high citation rate of paper #1.
"We are, of course, tremendously pleased that our results from Deep Impact
have played such a big role in the research community. The main thrust of the
mission was into the realm of totally unknown properties of comets, so the
many new results have triggered a wide range of responses in the community,
which is unusually diverse—embracing traditional astronomers, geologists and
geophysicists, and even nuclear scientists with interest in craters. The fact that
some of our early results seem to speak directly to the origin of comets 4.6
billion years ago means that many researchers are anxious to work with these
results.”
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Dr. Simon Mitton isa Fellow of St. Edmund’s College, Cambridge, U.K.
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