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1 t- has been known fcjr 20 years that t.)lc radar ec:hclcs from Eurcq>a,
Ga Jlymecic , and Cal Ii st_o arc extra orcijnar] 1 y di ffercnt  from those of cjt her
raciar - det ected sol ar syst cn[ t arcjcts ancl t hat Europa ‘ s signature i s the most
extreme of al 1 . 1 ’11 summarjzle the available c)bservatic~nst c)ut line cjur
~lncie~-sttl~-lciirlg  of thcvn, anti prcw]ew irlvest. igat jc)rls t hat c:an be c~onciuc:t  eci c~urillq
the next. decmcle.

AL wavelcngt.hs of 3.5 and 23 c:m, when the raclar t ransmissio~l  js
c:jrcular]y polar i7ed, the icy satellites ret-urn echoes with the incicient
harlcicdness preserved: The cjrcular pcJlari7aticJn  ratic), c}f echo power in the
same sense of c;ircu]ar polari7+at.ion at> trallsriLit.te.ci  (the SC sense) t.c) that jr]
the cy>posjte (W) sense, is about, 1 .5, ~ .4, ancl 1.2 fc)r Hur-c)pa,  Garlyl[mde ancl
C.alIistc>  (l), in contrast with c)nly -0.2 fc,r the MC)C)IJ a]ld less than 0.4 fc)r
most. other planetary radar Larqet.s. I’lle linear polarj7,aLic)n  ratio (01,/S1,)
i ,s abc)ut one ha] f for al 1 three sat. el 1 it es, aga~n cc)nsiderabl y ]argcr than for
ot_her targets. l’he satellites’ raclar bac:ksc:attering  law at these
wavelengths is jn bet, ween geonletri c: ancl Lanbert ia~l, with Europa ‘ s the
clc)sest to l,ambertiarr.

As shown in the fol] owing t.ab]e, the satellites’ 3.$ and 13- c:nl rcldar
a] becioes  (radar cross sec:tion  diviclcci  by target prc)jcc:tecl area) arc? erlc)r[(lous
conyxired  t-o the Moon’s. However, t-he alhocloes plummet from 13 cm to “/0 c:r[l,
with Kuropa showing t_he rilost. precipii.,ous  ci~-op. [Wferences  for the lu~lar
results can be found in (2,3), the Ga]i] earl satellite ‘/0- CII1 results arc! from
(4), and the rest. of Lhe results are frcml (l ).]

~’ot, al- Pc)wer (OC4 SC) Raclar Al bedo

A cm Y:u ropa .Ganymede Cal] istc) .Mc) 011

3 . 5 2.34 0.4 1.6i 0.2 0.”1 i 0.1 0.08 + 0.02
33 2.6i 0.2 1.4 i 0.1 0.’/ i 0.3 0.08 i 0.02
70 < 0.3 0.4 :1 0.3 < 0.2 0 . 0 8  i 0 . 0 2

A s~qllellc:e  of I)oppler ec:ho spect. rti that provicles gc)c)ci rc)tati onal c:c)verage
CZ]I1 bc inverteci to c:o~)strajn the glc)ba] cl.isiri  but ion c)f al bccio (5) . Rc!su]  t s
j~lcliczlte that the satellites’ al bedc) ciisper. sic)lls irlc:rease in the c)rcic~
Call jsto -> Ganymede -> Iiurcpa. Virtually .111 C)f I-;urc)pa  is brighier th?jrl
the brightest regic~ns on Callist.o, and abc)ul. ha] f cjf F;urc)pa j .S brighter than
the brightest, regions on Ganyrnecie. The brightest regic)~ls on l;urop~l are
lc)c21teci  at Lempera Le laLi Lucles (1) .

‘J’he icy s a t e l l i t e s ’ echoes are clue rlc)t to external surface ref lectic)ns
but to subsurface volume scattering. 7TJC high raciar transparency c)f icc
compared with t-hat of silicates permits deeper- raciar souncii]lg, longer phc)tc)n
path lengths, and higher-order scatteri~lg  from ranclomly ciisc)rciered  regc)lit.h
heLerogeneit_ies  -- raciar is seeing Fluropa, Ganynlede, ant] Cal IisLo jn a way
t}]at the Moon has never beell seen (6) . As first suggested  by }lapke (-/),
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the sat. ellil_es’ radar behavior apparently involves the coherent backscnttcr
effecl, which, as discwssecl  by (8), “is a I]njversa] physics] ~>tlenon-lc:l-lcjl-l,
ac:con pani es any mu] Lip] e- scmt t.eri nc] prC)C:CS:j, allcl c)cc:urs fcjr particles c)f any
sj 7,e, shape, and refract-jve index.” F]is calculations of the radar signature
of a homogeneous, semi- infinii_e scattering rnediunl of po]ydisperse spheric:a]
part. ic]es ciemc)nst. rate that. sucl) a rt~c)ciel can explain the satellites’
backsc:attering  properties anti also that. nlany clc)rrt>ir-lat.ic)rls  of free paranleiers
can yield the same properties, ever] within the cjc)~ltext of the model ‘s
assurnpt.ions  .

It. seems likely that. at least the uppernlc)st few meters c)f Eurc)pa’s
surfacm is extremc:ly clean (alld perhaps rtii_her pcjrc)us) i C:e arlci pc)ssess es,
ciensity variations (particles?) at struct.ura] scalcs that. prc)ciuc;e  efficient.
mult.ip]e scattering of 3.5-to- 13- c:In waves. ~’lIc severe circ)p in Eurcym ’s a]becic)
from 13 c:nl t.o 70 Cm indicatc!s  that multiplC Scattering has beccmm
cirasticmlly  less efficient. at the lc)nqer wavelength]. “/O-Cnl waves are expected
penetrate furt,her into cit.her ic:e or rc)c:k than arc shc)rt.er wavelcngl.hs.
Perhaps there has nc)t. been enough time sirlc:e Europa was last floocleci fc)r
meteoritic bombarchnent  to create hct.ercqerleitics  at the ]argcr sc:a]es.

There are similarities between the ic:y C;alilean satel]it.es’  raciar
properi_j  es ancl t.hos~ c)f the radar- briqllt ~)olar c:aps orl Mars (9), features
insicie perpetually shacloweci craters at the poles of Mercury (10), anti the
~mrcc)lat,ic)n zorle in the Gr-eenlancl ice sheet (11,12). Flowever, t,he
subsurface configuration in the (;rcerlliinci  zone, where l]ei_erogeneit,ies  are
the produc:t of seasonal melting anti refreezing, are unlikely to reselllb]e those
c)n the sal_clliLes, demc)nstrating  t-})at a variety c)f natural subsurfac:c
cc)nfigurations  can yield similar radar signatures.

Observations’ of Kurc)pa with the L]pgradeci Arecihc) raclar will bc pc)ssiblc
ciLlriI”lg 1999-2004, after Jupiter returns t.c) nc)rt.hern declinations. It. should
be possible to c)btain range nlcmsurerncrlt.s  with ullccrLairlties approaching 1 km
as well as refineci co)lst.r-aints on the glc)bal a]beclo ciist,ribution. New ‘/0- cm
measurements are also ciesirab]e.
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