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DISK-RESOLVED GROUND BASED INFRARED IMAGING OF 10;  J.R. Spencer, 
M.A. Shure, M.E. Ressler, D. Toomey, A. DeNault, W.M. Sinton, U. Hawaii, J.D. Goguen, 
J.P.L. 

Using the new InSb 1-5 pm camera "ProtoCAM" developed by the NASA Infrared Telescope Fzcility, 
we have obtained the first disk-resolved infrared images of 10. The observations were made at the 3.0-m IRTF 
on Mauna Kea on the nights of 22-24 December UT, during an engineering run. ProtoCAM was operated 
with a plate scale of 0.136 arcsec/pixel, stellar images indicate a consistent image FWHM of 0.4 arcsec or 
better on all three nights. This is close to the IRTF diffraction limit and diffraction rings are visible in some 
images (e.g., Fig. 3, top). 

Sunlit images of 10 beyond 3 pm (Fig. 1) clearly show the major volcano Loki as a point source against 
the visible disk (angular diameter 1.2 arcsec), changing position as 10 rotates. We obtained broadband images 
centered on 2.2 pm, 3.4 pm, and 3.8 pm, and narrowband CVF images a t  3.40 pm, 3.90 pm, 4.08 pm, in 
the strong SOz absorption band, and at 4.80 p m  The brightness of Loki relative t o  10's disk increases with 
increasing wavelength but the disk is still discernable at 4.80 microns. The location of Loki on the disk 
is consistent with the hotspot location determined by Voyager and subsequent ground-based observations 
[speckle, (I), Callisto occultations (2), and polarimetry (3)]. No hot spots were immediately apparent on 
images of 10's leading hemisphere taken on 12/23 UT, though the sunlit disk is resolved. 

On 12/24 UT we observed the eclipse and occultation of 10 by Jupiter, and 10's subsequent sunlit 
re-emergence from occultation, using the broadband 3.8 pm filter. Because of the nearness of Jupiter to  
opposition, the eclipse preceded the occultation ingress by only five minutes, and we obtained a continuous 
movie of both events with a time resolution of 3.5 seconds. The use of an imaging detector and the darkness 
of Jupiter due to  atmospheric methane absorption resulted in negligible interference from the disk of Jupiter. 
During entry of 10 into eclipse, the edge of Jupiter's shadow could be seen sweeping across the disk (Fig. 2), 
removing the reflected sunlight and leaving only the hot spot emission. The eclipsed images are dominated 
by Loki, which is unresolved and shows a stable point spread function with approximate four-fold symmetry, 
also seen in star images (Fig. 3). 

Fig. 3 also shows a previously unknown second hot spot, not detectable under normal circumstances by 
earlier ground-based techniques. Assuming the same shape for the point-spread functions of Loki and the 
new spot on a single frame, we determined its approximate brightness and location by shifting, scaling, and 
subtracting the Loki image from the original frame, adjusting the shift and scale factors until the operation 
removed the second hot spot from the image. The second spot is about ten times fainter than Loki and 0.9 
arcsec. distant. Its preliminary location is near 20° S, 30' W, with an uncertainty o f f  12O, but substantial 
improvement in this estimate is possible by including occultation timings (see below). Voyager 1 imaged this 
region at high resolution but detected no hot spot there. It is brighter than any of the hot spots detected 
by Voyager except for Loki and Pele, though the Voyager hot spot near the Amirani/Maui plumes would be 
almost as bright at this wavelength (4). It is, however, almost ten times fainter than the short-lived hot spot 
Poliahu seen during a 1985 occulation of 10 by Callisto (2). Multi-wavelength eclipse observations planned 
for mid-January 1990 should allow determination of the size and temperature of this spot, assuming it is 
still active. 

The reality of the new hot spot is shown conclusively by its occultation by Jupiter about 160 seconds 
before Loki (Fig. 3, bottom). When combined with orbital data the occultation time will further constrain 
the location of the new hot spot. In addition, we hope to observe its reappearance from occultation in 
January 1990, and the differing orientation of Jupiter's limb across 10 will improve the spot location still 
further. 

The occultation of Loki by Jupiter was gradual (Fig. 4): most of the flux disappeared in about 20 
seconds. Analysis is complicated by the diffuseness of Jupiter's limb; refraction and methane absorption 
probably both contribute to  the extinction of the signal. However, if the 20 second fade time of Loki is 
m a t l y  due to Loki's finite size, a diameter of about 340 km is indicated, which can be combined with the 
pre-occultation magnitude to  yield a temperature near 300 K. As in the case of the new hot spot, the time of 
the occultation will yield an improved position for Loki, especially when combined with re-appearance data. 
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The only previous observation of the occultation of Loki by Jupiter was by J .  Spencer and W. Sinton on 
11/08/89, following a suggestion by John Westfall. They observed a similar fade time, though because they 
used a single-aperture bolometer the signal was heavily contaminated by radiation from Jupiter, resulting 
in low SIN. 

The preliminary results presented here demonstrate a powerful new tool for the study of lo's volcanism, 
and also show the remarkable image quality possible at the IRTF in the 3-5 pm region. We will continue 
the observations and analysis to  look for additional new hot spots, and to determine the locations, sizes, 
temperatures, and time evolution of each feature. 
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F igure  4 Sequence of f r a ~  

F igure  1 10 and Loki in sunlight. The an- 
gular diameter of 10 is 1.2 arcsec, central 
longitude=350°. Wavelength of all images 
is 3.8 pm. 

F igure  2 10 entering eclipse. Jupiter's 
shadow obscures the western hemisphere, 
while Loki is still in sunlight. 

F igure  3 (Top) 10 in eclipse, showing Loki and 
the new hot spot (discovered in these images), 
approaching occultation by Jupiter's limb on the 
left. (Bottom) 204 seconds later, the new hot spot 
has been occulted while Loki is still visible. The 
"cross" shape of the saturated Loki images is an 
artifact of the telescope optics. 

nes at 3.5 second intervals showing the 
gradual disappearance of Loki behind Jupiter. 
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