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P.OSSII3LE LIGHT ECHOES DURING THE SLl9 A, H, AND Q IMPACTS. 
G. J. Consolmagno SJ, G. Menard SJ (Specola Vaticana), and C. P. Stoll (SUNY Buffalo) 

During the impacts of Comet Shoemaker-Levy 9 we observed Europa (A event) and 10 (H 
and Q events) with a high speed photometer on the 0.6m telescope at Caste1 Gandolfo, Italy, to 
search for impact light echoes. Several fluctuations in light level from these moons were de- 
tected; most can be attributed to terrestrial effects, but some may be real. An event four minutes 
after the Q2 event, for example, matches a similar event observed in Kiev. Further comparison of 
light curves with other observers should indicate whether these signals are real or spurious. 

We took data with the LPL two-channel occultation photometer [ I ]  provided by W. B. 
Hubbard at the University of Arizona, which counted photons passing through broad band red 
and blue filters. The red filter has a bandpass from about 0.7 to 0.9 microns, and the blue filter 
pass is roughly 0.4 to 0.5 microns. Data were recorded at 100 Hz to computer disk; for most of 
the data analysis reported here, these points were averaged over 1 second intervals. 

A large aperture diaphragm was used to insure that the full satellite would always be in the 
field of view. This also meant, however, that large amounts of background sky light also were in- 
cluded in our signal. Several times during each run, we guided the telescope to dark sky areas 
near Jupiter to try to measure the size of the dark sky contribution; but because scattered light 
from Jupiter varies strongly with distance from Jupiter, this correction is inherently imprecise. 
Time was read from a clock electronically synchronized to a radio time signal from Frankfurt, 
Germany, but entered by hand into the computer data acquisition system; thus the times reported 
here are accurate only to the nearest second. For the Q event, the data system clock was visibly 
drifting, with an offset of about 20 seconds and a drift of roughly 5 seconds during the hour we 
recorded our data; several times during this run we recorded in our notebook both computer and 
radio clock times, and later used this information to correct the times recorded by the computer. 

We had clear nights for all three events visible from Italy except Q l ,  which was observed 
through light cirrus clouds. In no case is there an obvious, unambiguous flash signal (nor could 
there be, given the ljmitations of the experiment). But there were several suggestive events: 

Event A (observing Europa): At 20:11:03 the red signal jumps by 25 countsl0.0ls for 
one second before returning to the background level, a 10% increase in the signal: a flash with an 
efficiency of only 0.5% but still, momentarily, 20 times brighter than Jupiter. This signal is not 
quite three sigma above the noise level. The canonical impact time for the A fragment is 20: 11 f 
3 m; the Calar Alto group reports seeing a flash at Jupiter at 20: 11 f 1 m. Either event reported 
here, if real, would be consistent with these times. Kleshchonok and Churyumov [2] at Kiev Uni- 
versity report a possible event of amplitude 0.16 magnitude (or about 16%) for less than one sec- 
ond at 20: 10:38 UT. The characteristics of their event are consistent with our event at 20: 11:03, 
and may represent error in timing (theirs or ours); or both "events" may be random photon noise. 

H (observing 10): We started observing at 19:32:40 UT, 41 seconds after the flash ob- 
served by Galileo. Though we missed the impact itself, our light curve shows a possible event 
from 19:37:30 to 19:39: 10, coinciding with the time when the rising fireball plume first appeared 
on Jupiter. In raw data, the colors appear to be increased in red (unlike telescope motions, which 
show no change in raw redhlue ratio), but after subtracting the background sky the ratio is close 
to unity; both red and blue jump by 15%. This event is certainly not the echo of a bolide flash but 
may represent an increase in scattered light from Jupiter due to the rising plume; or it could be an 
instrumental artifact of unknown origin. 

Q (observing 10): The impact time of the Q2 event was observed at Calar Alto at 19:44 f 
1 m UT. At 19:43:47, the red signal (after subtracting background sky) showed a 7% increase, 
dying away after 2 seconds; the blue signal increase, also lasting two seconds, was up 8%. 
Though large by Galileo brightness standards, these are still possible events, albeit at only a two 
sigma significance. Kleshchonok and Churyumov [2] report a possible event of amplitude 11 % 
for one second at 19:48: 10 UT. At 19:48:08 our data shows a 15% increase in red, 5% increase in 
blue signal, for one second. This represents a change greater than three sigma in the red, greater 
than two sigma in blue. Our timing for the Q event may be off by several seconds; thus our data 
are consistent with the Kiev event. However, given a ten second target (for an event to occur 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



274 LPS XXVI 

LIGHT ECHOES OF A, H, Q EVENTS Consolmagno G. J., Menard, G., and Stoll C. P. 

P 

- 

References: [I]  See Hubbard W. B. et al. (1985), Astronom. J. 90, 655-667. [2] Kleshchonok V. V. and Churyumov 
K. I. (1994), Bull. A.A.S., in press. [3] Belton M. J. S. et al. (1994), Bull. A.A.S., in press; Martin T. Z., et al. (1994), 
Bull. A.A.S., in press. [4] An expanded version of this report has been submitted to Geophys. Res. Lett. 

600 within five seconds 
plus or minus the time 

> 
Y 550 of the Kiev event), rep- 
-0 
s 

resenting 1 percent of 
s our data, the odds of 

500 
Y missing this target are 
0 
m 0.99 for any random n 

450 I three sigma event, or s 
C .- (0.99)s = 0.95 of miss- 
E ing it five times. Thus 
$ 400 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

I l l  
each point = 100 data points 

I 
a: 

350 

- there is a 5% chance 
that a random three sig- 
ma noise increase in 

19:48:00 1g:4g: our data occured within 
UT Time, July 20 1994 five seconds of the 

Kiev group event. 
Discussion: One test to discriminate between an actual light echo and a spurious result is 

if the event was seen at many different sites. We hope that such a test may be made at an up- 
coming workshop sponsored by the European Southern Observatory in February, 1995. 

Events which represent an unreasonably large change in the brightness of the observed 
satellite are exceedingly unrealistic candidates for light echoes. To define what is "unreasonable" 
we must model the expected brightness of possible flashes above Jupiter's cloud deck. 

If an impact has an energy E and this energy is converted into visible light with an ef- 
ficiency f, and if the flash lasts for a period of time t, then the power Pr reflected off a satellite of 
radius R and albedo A at a distance a away from the flash point is Pr=AEf.nR2/(4.na2t) assuming 
that the light is distributed equally in all directions. Given the solar constant F (=50 watts/m2 at 
Jupiter), the reflected sunlight has a power Ps=AF.nR2. Thus the increase in the brightness of the 
satellite I=Pr/Ps=Ef/(4.na2tF). A 1 km sphere of density 0.5 g/cm3 travelling at 60 km/s impacts 
Jupiter with an energy of 3.8 x 1021 J. An efficiency of 1% and an impact time of 5 seconds pro- 
duces an increase I of 7% at 10, 3% at Europa. However, such a flash would be ten times brighter 
than Jupiter itself. Those flashes reported so far by Galileo [3] in the near infrared were 1-20% of 
the brightness of Jupiter; dropping our efficiency to 0.05% would match this energy output, and 
imply that the expected increase I would drop to 0.4% for 10, and less than 0.2% for Europa. 
Such flashes would be indistinguishable from photon noise in our experiment. 

(The bolide occurs at the cloudtops, not Jupiter's center, decreasing the value of a; but as 
the moon orbits near the flash location, less of the illuminated hemisphere is visible from Earth. 
For the three events discussed here, these effects effectively cancel each other.) 

Still to be modelled is the radiative transfer problem. How much light from a bolide gets 
reflected into space for a given altitude above or below the cloud deck, or in the presence of dust 
from the comet? Smaller fragments impacting Jupiter might burn up more completely in the up- 
per atmosphere, turning their energy into light with a greater efficiency than pieces which pen- 
etrate below the clouds before exploding. They may also concentrate that light into a shorter pe- 
riod of time. Thus it may be possible for small, unseen fragments to produce visible light echoes. 
Even so, it is exceedingly unlikely that any event should produce an echo greater than 20% of the 
brightness of 10 or Europa. [4] 


