ent colours. Whether the observed trend
is indeed real, depends on the accuracy
of sky background subtraction, which still
needs to be assessed.

To determine the opposition effect and
obtain information on the dust size, our

images must be compared with images
of other observers, obtained at other
times and phase angles. It is interest-
ing to note that no significant change
in the appearance and direction of the
tails occurred when the comets passed

Predicting the Impacts
R.M. WEST and O. HAINAUT, ESO-Garching

Astrometry of SL-9

For several reasons, it was of impor-
tance to predict the locations and times
of the impacts of the SL-9 fragments
with the greatest possible precision. The
first, approximate calculations were per-
formed towards the end of 1993 by Brian
Marsden at the Minor Planet Center.
They were based on long observation
series, in particular by Jim Scotti at Kitt
Peak, and correctly showed that the im-
pacts would all happen in the southern
Jovian hemisphere, but the timings were
still not very accurate.

More astrometric observations were
made during the first months of 1994,
and the predictions slowly gained in pre-
cision. Don Yeomans and Paul Chodas
at JPL used the special orbital software
available at that institution (from where
the Galileo spacecraft is navigated) to
further improve the accuracy and in mid-
June, about one month before the event,
the 1o timing accuracy had been re-
duced to about 30 min for many of the
fragments. This corresponded to 95% in-
tervals of approximately & 1 hour, i.e., not
yet good enough for most purposes.

The ESO Observations

A few nights were allocated in early
May at the Danish 1.5-metre telescope
at La Silla to our astrometric programme
for comet SL-9. In view of the need for
the highest possible accuracy, we were
very giad to learn at the same time that it
would be possible to make unpublished
Hipparcos positions available and we
are very thankful to Michael Perryman
(ESTEC) and Catherine Turon (Paris) for
having provided us with these data.

Indeed, the first SL-9 observations
showed that it would be possible to ob-
tain a formal accuracy of about +0.2
arcsec in both coordinates. There was
a problem, however, in that our obser-
vations appeared to be systematically
offset by 0.5-0.7 arcsec from those by
other observers. An analysis of this prob-
lem showed that this was most likely
due to the lower astrometric accuracy of

the Guide Star Catalogue (GSC) which
formed the base for the other measure-
ments. Note, however, that this cata-
logue was compiled to serve a differ-
ent purpose and was never claimed to
be of the highest perfection in astromet-
ric terms. The offset was in the sense
that the Hipparcos-based ESO positions
would tend to move the times of the im-
pacts later.

During the first 14 days of July, we pro-
vided Brian Marsden and Don Yeomans
with (almost) daily positions of most of
the SL-9 fragments. We wish here to
acknowledge the extremely positive at-
titude by many La Silla observers (see
below), who graciously allowed us to
use their telescopes for astrometric ex-
posures in the early evening, and some
of them even did the observations for us.

The subsequent procedure was the
same every day. One of us (O.H)
cleaned the exposures at La Silla and
immediately transferred them to Garch-
ing over the internal link. Here the other
(R.W.) measured the secondary astro-
metric standards on an ESO Schmidt
plate, made the transfer to the CCD
frame and obtained the positions of the
comet fragments. They were then sent
on to the orbital computers in the after-
noon and new orbits became available
a few hours thereafter. On several occa-
sions, new impact predictions were also
made.

It turned out that the ESO observations
carried a great weight in the end, when
it became more and more difficult for all
observers to image the comet as it came
very close to Jupiter. The last week we
were pretty much alone in the field. The
very last, measurable frames were ob-
tained with the NTT on July 15.0 UT, or
less than 48 hours before the first impact;
the night thereafter, the strong straylight
from Jupiter would have been too dan-
gerous for the ultra-sensitive CCD array.

Still, we were not the last to see the
comet. Observations of some of the lat-
ter fragments were made a few days
later by the HST, just a few hours from
impact, and David Jewitt at Hawaii ob-
tained some final positions by means of

opposition. This indicates that the dust
particles do not move under a com-
bined central force of solar gravitation
and light pressure repulsion, but are
significantly influenced by Jupiter's
gravity field.

the coronographic technique (covering
Jupiter with a mask in the telescope) at
the same time.

The Prediction Accuracy

The final predictions were believed to
be good to about £8 minutes (10 ~ 4
minutes). However, although there is still
some uncertainty about the exact impact
times for many of the fragments — the
definitive values will probably have to
wait until the Galileo data have all been
reduced — it now appears that the pre-
dictions were generally 5 - 7 minutes too
early.

It is not yet known what the real cause
for this discrepancy is, but at least part
of it may probably be explained by the
above-mentioned GSC systematic off-
set. It is the intention, howevet, to look
into this to learn whether other effects
could possibly have been present.

In this connection, the hitherto unex-
plained observed elongation in the di-
rection of Jupiter of most of the frag-
ments as they came very close will
also have to be studied; perhaps there
is a connection between the two ef-
fects? For this, a careful morphologi-
cal/photometrical study will now be made
of the ESO astrometry frames.
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