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Analysis of the observations of several Pluto-Charon occultation and transit events in
1985 and 1986 has provided a more detailed knowledge of the system. The sum of the
radii of Pluto and Charon is 1786 *+ 19 kilometers, but the individual radii are
somewhat more poorly determined; Pluto is 1145 * 46 kilometers in radius and
Charon is 642 + 34 kilometers in radius. The mean density of the system is
1.84 = 0.19 grams per cubic centimeter, implying that more than half of the mass is
due to rock. Charon appears to have hemispheres of two different colors, the Pluto-
facing side being neutral in color and the opposite hemisphere being a reddish color

similar to Pluto.

WO YEARS HAVE NOW ELAPSED

I since the beginning of the orbital

alignment that causes Pluto to occult
its satellite Charon and Charon to transit
Pluto (the so-called mutual events) (1). We
report here successful observations of several
of these events and present new model
parameters for the system based on these
data.

Telescopes at Mauna Kea Observatory on
the island of Hawaii and McDonald Obser-
vatory in west Texas were equipped with
photoelectric detectors to monitor changes
in the brightness of the Pluto-Charon sys-
tem. Figure 1 shows plots of the system
brightness as a function of time (“light
curves”) for six mutual events observed in
1986. In all cases, the measurements were
made differentially with respect to a nearby
comparison star with a color similar to
Pluto’s (2). Most of the Mauna Kea observa-
tions were made through a standard blue
filter (Johnson B) with the 2.24-m tele-
scope. A few events were observed with the
No. 1 0.61-m telescope, but, to increase the
light-gathering power to the level necessary
to obtain useful data, a much broader filter
(hereafter called “yellow™) was utilized (3).
The McDonald observations were made
through either standard blue or green filters
(Johnson B and V) with the 2.1-m tele-
scope.

We used nonlinear least-squares tech-
niques to determine the best possible values
for both the orbital and physical parameters.
The orbits of Earth, Pluto, and Charon are
used to compute the three-dimensional ge-
ometry of the system, which is then project-
ed onto the plane of the sky as three disks,
one for Pluto, one for Charon, and a third to
represent either the shadow of Pluto or
Charon. During an inferior event (Charon
passing in front of Pluto), Charon casts its
shadow on Pluto; likewise, during a superi-
or event (Charon passing behind Pluto),
Pluto casts its shadow on Charon. For the
geometry at any given time, the theoretical
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brightness of the system is computed on the
basis of the model reflectivity of the surface
(the “albedo”), the occulted area (derived
from the radius and orbital model parame-
ters), and the known behavior of the sys-
tem’s rotational light curve; this model
brightness is then compared with the obser-
vations. The model orbital radius was fixed
at the value determined from the high-
resolution imaging technique known as
speckle interferometry (4). The eccentricity
of Charon’s orbit is assumed to be zero. To
avoid potential problems that might be in-
troduced by the use of different filters, the
model parameters were derived from only
the more extensive blue filter data. The
overall fit of the model to the data is excel-
lent, with the average residual exceeding the
average measurement uncertainty by less
than 0.002 mag. Table 1 contains a list of
resulting orbital and physical parameters.
The tabulated quantities without error bars
were held constant. With the exception of
the density; which is a derived result, all the
other numerical quantities were determined
from the least-squares fit.

The uncertainties in the model parameters
were determined by taking the standard
deviation of the mean of nine sets of model
parameters. Each set was determined from
one-ninth of the entire collection of observa-
tions. Therefore, the uncertainties should be
reliable. We did assume, however, that the
albedos of the occulted areas are uniform;
departure from the assumed uniformity
would increase the uncertainties.

Note that the sum of the radii has been
determined with smaller relative uncertainty
than either of the individual radii because
the mutual events to date have been only
partial events. The duration of an event is
determined by the length of time that the
center-to-center separation is less than the
sum of the individual radii, thus implying
object-object or object-shadow overlap.
Separating this sum into individual radii
requires additional information that does

not come from the shape of the ingress and
egress portions of the light curve. These
portions are remarkably insensitive to the
individual radii. In this case, the augmenta-
tion of the depth of an event produced by
the shadow (which is a function of the
Earth-Pluto-sun illumination angle) helps.
The depth also depends on the albedo,
however, and the dependencies between the
various parameters limit the precision with
which they can be determined. The higher
the correlation between two variables, the
poorer each variable can be determined in-
dependently of the other.

The density of the system does not de-
pend on the absolute linear scale for the
system (that is, the density remains the same
even if the orbital radius and planet-satellite
radii are all doubled). It does, however,
depend on the individual radii, so the uncer-
tainty in the density is now rather large. The
large value for the density would seem to
indicate that the system is composed of
more rock than water ice by weight. This
conclusion assumes that the water has not
been compressed to a higher density, as in
the case of the Galilean satellite Europa.
Given the smaller sizes of Pluto and Charon
relative to Europa, such compression effects
should be small. The uncertainty in the
density does need to be reduced, however,
before we can make any definitive - state-
ments about the ice-rock ratio.

These uncertainties will be reduced tre-
mendously when total events are observed.
The duration of totality yields the difference
between the individual radii. Given the sum
and difference, the individual radi will be
well determined, with corresponding im-
provements in several other model parame-
ters, as well as the derived density. There-
fore, total events are extremely important,
and they will be possible only during the
1987 and 1988 apparitions (5).

These results can be compared with those
of Dunbar and Tedesco (6) and Reinsch and
Pakull (7). The former group derived their
model parameters by generating model light
curves and by manually adjusting the param-
eters until the event depths matched two
events observed in 1986 and three events
observed in 1985 (1). The latter group used
a least-squares approach on the three 1985
events plus two events they observed in
1986. Neither group explicitly reported
their derived sum of the radii and its uncer-
tainty, so no comparison can be made of this
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