GROUNDBASED RADAR RECONNA1 SSANCE OF MUROPA; S . J . Ost 10, Jri./Callech

1 L has been known for 20 years that the radar echoes from kuropa,
Ga nymede , and Cal 1i st_0 are extra ordinari 1y di fferent fromthose of ot her
radar - del ected sol ar syst emt argets and t hat kuropa ' S signature i s the most
extreme of al 1 . 111 sunmarize the avail able observations, out line our
understanding of them, anti preview invest igat jons { hat can be conduct ed during
the next. decade.

At wavelengths of 3.5 and 13 c:m when the radar t ransmission is
circularly polar ized, the icy satellites ret-urn echoes with the incident
handedness preserved: The circular polarization ratio, of echo power in the
same sense of circular polarization as transmitied (the SC sense) to that in
the opposite (OC) sense, is about, 1.5, 1.4, and 1.2 for Furopa, Ganymede and
Callisto (), in contrast with only ~0.1 for the Moon and |ess than 0.4 for
most. other planetary radar targets. The linear polarization ratio (01,/8S1,)

i s about one ha] f for al 1 three sat. el 1 it es, again considerabl y larger than for
other targets. The satellites’ radar backscattering | aw at these

wavel engths is in bet, ween geometri c: and lambert ian, W th Furopa ' S the

closest to lambertian.

As shown in the foll owing table, the satellites’ 3.5 and 13- cu radar
al bedoes (radar cross section divided by target projected area) arc? enormous
compared t-o the Mon’s. However, t-he albcdoes plumet fromi13 e to “/0 cn,
w th kFuropa showi ng t_he most precipitous drop. ([References for the Junar
results can be found in (2,3), the Galil ean satellite ‘/0- cm results arc! from
(4), and the rest. of the results are from (1 ).]

Tol al- Power (OC4 SC) Radar Al bedo

A cm ku ropa Ganymede Call isto Mo on

3.5 2.34 0.4 1.6 4 0.2 0.”140.1 0.08 + 0.02
13 2.6 10.2 1.4 4 0.1 0.’/ 40.1 0.08 4 0.02
70 <0.3 0.4 40.1 < 0.2 0.08 1 0.02

A sequence of Doppler echo specl ra that provides good rotati onal coverage
can be inverted to constrain the global distri but ion of al bedo (5) . Resul L S
indicate that the satellites’ al bedo dispers jons increase in the order
Call isto -> Ganymede -> kuropa. Virtually all of Furopa iS brighter than
the brightest regicons on Callisto, and about ha] f of Furopa i .s brighter than
the brightest, regions on Ganymede. 7The brightest regions on Furopa are
located at tempera te lati tudes (1)

The icy satellites’ echoes are due not to external surface ref lections
but to subsurface volume scattering. The high radar transparency of ice
conpared with t-hat of silicates permts deeper radar sounding, |onger photon
path | engths, and higher-order scattering from randomly disordered regolith
hetcrogencities -- radar is seeing Furopa, Ganymede, ant] Cal listo in a way
thatl the Mbon has never bcen seen (6) . As first suggested by hapke (-/),
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the sat ellites' radar behavior apparently involves the coherent backscatter

effect, which, as discussed by (8), “is a universal physics] phenomenon,
accon pani es any mu] tipl e- scat teri ng process, and occurs for particles of any
si ze, shape, and refractive index.” His calculations of the radar signature

of a honpgeneous, senmi- infinite scattering medium of polydisperse spherical
part icles demonst rate that. such a model can explain the satellites’
backscattiering properties anti also that. nany combinations of free paramncters
can yield the same properties, even wWthin the context of the nodel ‘s
assumplions .

It. seenms likely that. al least the uppermost few meters of kKuropa's
surface i S extremely clean (and perhaps rather porous) 1 ce and posse sses
density variations (particles?) at structural scales that produce efficient.
multiple scattering of 3.5-to0- 13- ¢ waves. The severe drop in Furopa 's albedo
from13 cm Lo 70 cm indicates that multiple Scattering has beccone
drastically less efficient. at the longer wavel ength]. 10-cm waves are expeclted
penetrate further into cither ice or rock than arc shorter wavelenglhs.

Per haps there has not been enough tinme since Furopa was |ast flooded for
meteoritic bombardment to create heterogeneities at the larger scales.

There are simlarities between the icy Galilean satellites' radar
properti es ancl those of the radar- bright polar caps on Mars (9), features
inside perpetual |y shadowed craters at the poles of Mercury (10), anti the
percolation zone in the Greenland ice sheet (11,12). However, the
subsurface configuration in the Greenland zone, where heterogeneities are
the product of seasonal nelting anti refreezing, arc unlikely to resemble those
on the satellites, demonstrating that a variety of natural subsurface
configurations can yield simlar radar signatures.

Observations’ of kuropa wWith the upgraded Arecibo radar Wi ll be possible
during 1999-2004, after Jupiter returns to northern declinations. It. should
be possible to obtain range measurenents With uncertainties approaching 1 km
as well as refined constraints on the global albedo distribution. New ‘/0- cm
measurenments are also desirable.
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