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Hubble Space Telescope (HST) images reveal major atmospheric changes created by the
collision of comet Shoemaker-Levy 9 with Jupiter. Plumes rose to 3000 kilometers with
ejection velocities on the order of 10 kilometers second~*; some plumes were visible in
the shadow of Jupiter before rising into sunlight. During some impacts, the incoming
bolide may have been detected. Impact times were on average about 8 minutes later than
predicted. Atmospheric waves were seen with a wave front speed of 454 + 20 meters
second~". The HST images reveal impact site evolution and record the overall change in
Jupiter’s appearance as a result of the bombardment.

The collision of comet Shoemaker-Levy 9
with Jupiter provided an unprecedented op-
portunity to study the reaction of a thick
planetary atmosphere to a rapid deposition
of energy. Predictions ranged from no ob-
servable effects (I) to major atmospheric
disturbances, including explosive plumes (2,
3) and atmospheric waves (4, 5). Our atmo-
spheric imaging program received 39 Hubble
Space Telescope (HST) orbits to use the
Wide Field and Planetary Camera 2
(WEPC2) for observations of dynamical ef-
fects in Jupiter’s atmosphere from the event.
We scheduled most of the orbits for the week
of impacts, reserving six orbits for pre-impact
characterization and nine orbits for observa-
tions of post-impact evolution. We selected
a set of key filters (Table 1) and cycled
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through them as often as possible (6, 7). To
our delight, many effects on Jupiter’s atmo-
sphere were detectable with HST.

Impact Sites

We detected impact sites for 15 fragments;
five fragments.left no discernible distur-
bance. Figure 1 shows a series of projections
of several fresh (less than 3 hours old) im-
pact sites as they would appear to an ob-
server directly overhead. Table 2 gives our
measurements of latitudes and longitudes of
the detected sites, along with the predicted
impact times and locations (8). From the
observed longitudes, we inferred impact
times. We also classified each impact site by
its apparent size in the first image after
impact; these classes agree roughly with
pre-impact fragment brightnesses (9).

For the largest fresh impact sites, we
noted a consistent morphology: a promi-
nent circular ring and sometimes a faint
ring inside the main ring concentric with it
but visible mainly on the northwest side of
the ring center, a small triangle with its
apex near the ring center and its base to the
southeast, a larger crescent-shaped ejecta
also to the southeast, and rays in the cres-
cent that seemed to emanate from a point
slightly to the southeast of the ring center.
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In the methane absorption band, impact
debris was brighter than the normal jovian
clouds, suggesting that it was at a relative-
ly high altitude, above most of the meth-
ane gas. At other wavelengths, the impact
debris appeared darker than the normal
jovian clouds. We discuss here the asym-
metric ejecta; waves are discussed in more
detail below.

Ballistic ejecta pattern. The outer edge of
the crescent formed by impact G (the G
impact crescent) is 13,000 km from the ring
center (which presumably marks the point
of maximum energy release). The speed of
the ejecta must have been at least 17 km
™1, assuming ballistic particles launched at
an elevation angle of 45° (the predicted
elevation angle of both the bolide and the
ejected plume). The crescent shape of the
ejecta suggests that the range of elevation
angles is small. Assuming this range was
centered around 45°, the vertical compo-
nent of the velocity is slightly greater than
12 km s™1. At this speed, particles will
travel for 17 min before returning to their
initial ejection level, during which time
they will rise to a height of 3200 km. The
latter is close to the maximum height of the
G plume determined from HST images, and
this time is consistent with observed plume
durations (Figs. 2 and 3) (Table 3). At any
other elevation angle, the required velocity
would be higher; for example, material
ejected straight up at the same velocity of
17 km s! would reach 6400 km (higher
than observed). The material is not highly
collimated in azimuth: the crescent extends
at least 180° around the impact site.

The azimuth of the symmetry axis of the
ejecta pattern indicates how long the ma-
terial was in flight, because the planet ro-
tated during that time. The fragments en-
tered the atmosphere at an elevation angle
of 45°, with the azimuth angle 16° counter-
clockwise from south; models of oblique
impacts (3) predict the ejection of material
back along this same trajectory. To a good
approximation, the vertical component of
the rotation vector tells us how far the
planet rotated while the material was in
flight. The rotation increases the azimuth
angle by Qusing, where ) is the angular
velocity of the planet, t is the time of flight,
and ¢ is the planetocentric latitude. For t =
17 min, corresponding to a height of 3200
km, the rotation angle is 7°, giving a total
azimuth angle from south of 23°. However,
the observed azimuth is 35° * 5°, implying
that the material was in flight for 45 min;
this conclusion holds also for the material
near the impact point, because the azimuth
of the small triangle is at least 35°. Ejected
material may slide along the top of the
atmosphere following its oblique high-speed
reentry. If friction with the underlying layer
is low, the rotation is the same as if the



