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i COMET SHOEMAKER-LEVY 9

Collision of Comet Shoemaker-Levy 9 with Jupiter
Observed by the NASA Infrared Telescope Facility
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The National Aeronautics and Space Administration (NASA) Infrared Telescope Facility
was used to investigate the collision of comet Shoemaker-Levy 9 with Jupiter from 12 July
to 7 August 1994. Strong thermal infrared emission lasting several minutes was observed
after the impacts of fragments C, G, and R. Allimpacts warmed the stratosphere and some
the troposphere up to several degrees. The abundance of stratospheric ammonia in-
creased by more than 50 times. Impact-related particles extended up to a level where the
atmospheric pressure measured several millibars. The north polar near-infrared aurora
brightened by nearly a factor of 5 a week after the impacts.

camera and low-resolution spectrometer for
wavelengths of A = 1 to 5 pum (3),

Many of the extraordinary events sur-
rounding the impact of comet Shoemaker-

Levy 9 with Jupiter were observed from the
NASA Infrared Telescope Facility (IRTF)
from 12 July to 7 August 1994 (1). Scien-
tific goals included characterization of the
cometary fragments under the influence of
Jupiter’s  electromagnetic  environment;
measurement of the impact radiation; mea-
surement of temperature, chemistry, and
particulate properties at the impact sites
and their time evolution; determination of
changes in the ring system in the increased
dust environment; and detection of various
waves and oscillations (2).

Up to three instruments could be mount-
ed simultaneously at the Cassegrain focus in
a manner that allowed them to be ex-
changed quickly, minimizing replacement
requirements. The instruments chosen for
the observing campaign were NSFCAM, a

CSHELL, a 1- to 5-pum high-resolution array
spectrometer and imager (4), MIRAC?2, a 2-
to 21-wm array camera (5), and IRSHELL, a
5- to 23-pm high-resolution array spectrom-
eter (6). At the Coudé focus, the Goddard
Infrared Heterodyne Spectrometer (IRHS)
provided the highest spectral resolution in
the 10- to 12-pm spectral region (/AN =~
10°) (7).

Fragments and Ring

Fragments K, R, and Q1 were undetectable
above the noise limit at 1.25 wm a week
before impact even though they had been
detected at the IRTF the preceding January
and May at the same wavelength with sim-
ilar system sensitivity and noise. A week
before impact, they were all just inside the
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nominal edge of the jovian magnetosphere,
some 70 jovian radii from the planet. If
most of the 1.25-pm radiation from the
comet was contributed by scattering from
the dust in the tail, then this result is con-
sistent with the absence of tails in several
fragments at 0.89 pm, as reported by Jewitt
and Kalas (8). The cometary dust may have
been removed by electrical charging in the
magnetosphere, followed by dispersal driven
by the Lorentz force produced as it crossed
Jupiter’s magnetic field or by disruption
caused by electrostatic repulsion. Prelimi-
nary analysis of observations made of Jupi-
ter’s ring at 2.26 pm shows no change
between May and August of 1994, ruling
out any short-term input of dust to the rings
or cometary dust-ring dust collisions.

Impacts

Table 1 summarizes the detections and non-
detections of the impacts of fragments B, C,
F, G, R, V, and W. Before the impact of
fragment C, we imaged lo, Europa, and the
impact site simultaneously, but the bright-
nesses of the two satellites remained con-
stant to within 1.5%, with no convincing
evidence for any reflection of impact radi-
ation greater than 2 X 1077 W cm™2
wm™!, which should have been orders of
magnitude higher for lo than Europa as a
result of their different scattering geome-
tries. The impact-generated radiation from
fragment C was visible near the remnant
site of fragment A, whose impact was one
jovian rotation period earlier (Fig. 1). The
light curve for the C impact shows signifi-
cant structure on time scales of about 1 min
while rising to a peak brightness of approx-
imately 1 X 107 W cm™? wm™!, some
80% of the brightness of Io (Fig. 2). The
brightness then fell exponentially to a con-
stant level of 3% of the maximum.

After the successful measurement of the
C impact radiation at a single wavelength,
we tried to measure subsequent impacts at
two wavelengths to characterize the evolu-
tion of both temperature and solid angle for
the emission source. We wanted to differ-
entiate between continuum emission from
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