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Using the CoCo Cold Coronagraph at NASA's Infrared
Telescope Facility on Mauna Kea, we observed the uranian satel-
lites Miranda, Puck, Portia, and Rosalind and the neptunian satel-
lite Proteus in the near infrared (JHK) to determine the albedos
of those faint satellites. In V-J, all of Puck, Portia, Rosalind, and
Proteus are very blue, similar to the colors of many icy satellites
and of water ice. The satellites we observed have a wide range
of J-H colors, with Miranda being blue, Proteus being gray, and
Puck, Portia, and Rosalind being red. For the satellites for which
we could determine H-K (Miranda, Puck, and Proteus), the col-
ors are gray to red. As a whole, spectrally, these five satellites lie
between icy Solar System satellites (e.g., saturnian satellites or the
major uranian satellites) and Kuiper belt objects. The redness of
Proteus and Puck and perhaps other satellites suggests the pres-
ence of organic material, although the redness is also similar to that
of C- and D-class asteroids and some outer jovian moons. In all
cases, diagnostic spectral features could be masked by broadband
photometry.  © 2000 Academic Press

Key Words: satellites of Uranus; satellites of Neptune; infrared
observations; spectrophotometry; ices.

of the neptunian Voyager satellites (Kuiper 1949; Sndthal. 1986, 1989).
Our observations of Miranda were serendipitous in that Miranda was relative
close to the planet during our first epoch uranian observations; this allowed
to compare our photometry to the most complete near infrared dataset on t
moon, that of Bainest al.(1998). Puck has been detected from the ground twic:
before: at K-band with adaptive optics at the Canada—France—Hawaii Telescc
(CFHT) on Mauna Kea (Roddiet al. 1997a) and in JHK with adaptive optics
at the European Southern Observatory (ESO) at La Silla, Chile (Maethis
1999). Puck has also been observed in BVRI by Pasali(1995, 1998a,b) and
several other filters at < 1 micron (Karkoschka 1997) with the Hubble Space
Telescope (HST). Portia has not been seen from the ground before, only frc
HST in the visible (Storret al. 1996) and near infrared (I band) (Passtal.
1995). Likewise, Rosalind has not been seen from the ground before, only frc
HST in BVRI (Pasclet al. 1998b). Proteus was first detected from the grounc
at ESO in 1992 at 0.8m (Colas and Buil 1992), and later in the near-infrared
with adaptive optics from CFHT (Roddiet al. 1997a,b, 1998a,b; Sicarayal.
1999), as well as from HST in the visible (Pastal. 1998a) and near infrared
(Terrile et al. 1998; Dumast al. 1999). The present work is the first time that
JHK observations have been reported for Puck, Portia, Rosalind, and Prote
although we have only upper limits for the reflectance of Portia and Rosalind
K-band. Since we know the physical sizes of these satellites from the Voyag
measurements, we can determine the near infrared albedos for these small, f
satellites. In Section 3, we compare the near-IR colors we have acquired
those of other Solar System bodies and laboratory analogs and discuss sc
implications of the varied near infrared colors.

1. Previous observations.The outer planets Uranus and Neptune each have

a flock of small, faint satellites, many of which have been seen only once
during Voyager encounters (Smiét al. 1986, 1989). We observed five faint
satellites of these planets in the near-infrared from Mauna Kea: Miranda (U
the smallest of the pre-Voyager uranian moons; Puck (UXV), the largest
the uranian Voyager moons; Portia (UXII), the second largest uranian Voya
moon; Rosalind (UXIII), another Voyager moon; and Proteus (NVI11), the large

2. Our observations and results.We observed the uranian system on 9
and 10 September 1999 and the neptunian system on 7 and 8 September 1
NASA's Infrared Telescope Facility (IRTF) on Mauna Kea; we observed th
rffemian system ataphase angle of 1 &td the neptunian system ata phase angls
%}.29’. We observed each system at J, H, and K bands (central waveleng
1.26, 1.62, and 2.24m, respectively) using CoCo, the Cold Coronagraph
Wanget al. 1994; Toomeyet al. 1998). CoCo is a cryogenically cooled Lyot
coronagraphic frontend to the IRTF's facility infrared camera NSFCAM (Rayne

1 Visiting Astronomer at the Infrared Telescope Facility, which is operated kst al. 1993; Shureet al. 1994) and has gaussian apodized focal plane mask
the University of Hawaii under contract to the National Aeronautics and Spaaed a cooled articulatable pupil plane mask to block light from the centrz

Administration.

object and reduce scattered light in the near-planet (or near-star) environme

2 Present address: University of Pennsylvania, David Rittenhouse Labo@sCo has a small field of view (14 14 arcsec) and uses the 0.055 arcsec pe
tory, 209 S. 33rd Street, Philadelphia, Pennsylvania 19104. E-mail: trilling@xel plate scale. Additionally, since CoCo allows focal plane masks of variou

hep.upenn.edu.

sizes, we were able to use masks of nearly the angular diameters of the plar
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FIG. 1. Images of faint satellites of Uranus and Neptune. North is up and East is left. Panel (a) shows Uranus, Miranda (box to the right), and Puck (lo
box). Panel (b) shows Uranus, Puck (box due west), Portia (horthwest box), and Rosalind (box nearly due north). Panel (c) shows Neptune anx éueteus
east). The moon Ariel (Ul) is just off the frame of panel (b) to the lower left (bright spot at the edge of the frame). Allimages are in J band, and apa80f&s,e
with 300-s sky frames subtracted. The field of view i§ 3414". Each image has been boxcar smoothed withke83ox. The stretch is different on each image,
to accentuate the rings and satellites. The focal plane masks drar2l2.7 in diameter for Uranus and Neptune, respectively, and can be seen in the cente
the planets’ disks in panels (b) and (c). For panel (a), the mask is also present but a slight misalignment of the mask and planet allowed songhstattere
dominate the center of the planet’s disk in this stretch. The epochs for the observations are panel (a), 1999 SEP 09 07:46 UT,; panel (b), 1999 SEP 10
and panel (c), 1999 SEP 08 09:03 UT (starting times for the 300-s on-source integrations).

in question for maximum light rejection (3.7 and 2.7 arcsec for Uranus arfar the first and second observations of each satellite, are the following: 187—2
Neptune, respectively). for Miranda (9 Sep 1999 only); 67-131 and 192—-249 for Puck; 246—340 ar
Detecting these faint satellites was possible by using the known ephem@d4$—330 for Portia; 276—353 for Rosalind (10 Sep 1999 only); and 113-14
from the JPL Horizons Web pagj@nd—in some cases—by making a movieand 81-105 for Proteus. (The trailing hemisphere is centeredin@@eading
of a series of images and looking for faint objects executing orbital motiohemisphere is centered on 270The values presented here are averages of a
Observations which included Miranda were short enough so that Miranda vedsservations, and ignore any possible spatial inhomogeneities.
not saturated in the images. Puck and Proteus were easily detected in all casésgure 1 shows images of these five faint moons. Panel (a) shows Uranus, w
Portia and Rosalind were more difficult observations. The chief problemstime moons Miranda and Puck; panel (b) shows Uranus with Puck, Portia, al
measuring the magnitudes of these faint satellites of Uranus and NeptuneRwosalind; and panel (c) shows Neptune with Proteus. The rings of Uranus c
the scattered light field from the planets and the moons’ large angular moti@asily be seen in panels (a) and (b), but we did not detect the rings or ring arcs
on the sky. To address the former problem, we removed the background witeptune. Each of these images represents a 5-min integration on the planet, v
a bilinear fit to the scattered light from the planet. This fit was based on mes5-min sky frame subtracted from it. We detected Miranda, Proteus, and Puck
suring the scattered light background in all directions around the satellite aalbof J, H, and K, and Portia and Rosalind in J and H. Typical separations fror
distance of 0.5 arcsec, the size of the seeing disk. The effective photomethie limbs of the planets for our observations were 3.5 arcsec for Miranda ai
aperture was around 0.5 arcsec radius except for Miranda, for which we ugadteus, 3 arcsec for Rosalind, and 2.5 arcsec for Portia and Puck. The surf
a l-arcsec radius; at larger radii, noise or scattered light became the domirmightnesses for Uranus and Neptune were approximately 8.27 and 9.43 vis
flux sources with increasing annuli. We observed each satellite typically at leasignitudes per square arcsecond.
three times per night per filter (individual exposures were 5 min), and the error
bars reported in this work represent the standard deviation obtained from these TABLE 1
independent measurements. This background removal technique works reason-
ably well, especially for the brighter satellites, but difficulties in subtracting the
steeply varying background dominate the scatter in the measurements of the

Visible—Near Infrared Colors of Faint Moons and Rings

fainter satellites. V-J J-H H-K
Because of the satellites’ large angular motions, five minute integrations were

the maximum duration possible to retain satellites within one seeing disk (t)eranda 099+0.10 001+0.10 —0.06+0.13

ically 0.5 arcseconds). Thus, we imaged in a series of five minute |ntegrat|oﬁélc —02+04 05+05 04+0.6

rotating through J, H, and K bands, and the faint Elias standard star SAO126&05ti2 03+06 11+06 <-01

(Eliaset al. 1982) at the same airmass as the satellite observations were magesalind W0=+05 12+06 <11

For each five minute object integration, we also obtained a five minute sky &}anian rings ®3+0.15 032+0.15 022+£0.15

posure. We observed object-sky pairs in each of the three filters typically thf@eus ®B+02 05+03 06+04

times per night. We observed the satellites at hour angles of 00:00 to 01:3054F 111 0.34 0.02

airmasses of 1.256 to 1.834. Our stellar photometry measurements have scat=
ter of 1-2%; all magnitudes and colors reported are in the Elias—CIT standardVote.Faint moon V magnitudes are Miranda, 38+ 0.07, opposition mag-
bandpasses. All of the magnitudes and albedos we report are for disk-integra¥iéi¢de (Veverkaet al. 1987); Puck, 26t + 0.3, opposition magnitude (Thomas

observations of these satellites. The central sub-Earth longitudes we obser@ed!- 1989); Portia, 22 & 0.3, opposition magnitude (Thomas al. 1989);
Rosalind, 2% + 0.3, opposition magnitude (Thomasal.1989); and Proteus,

20.27+ 0.04, derived from Thomast al. (1995), Thomas and Veverka (1991).
2 http://ssd.jpl.nasa.gov/horizons.html. Solar colors are from Colinet al. (1996).
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TABLE 2 water ice on their surfaces, and all of their reflectances are similar to laboratc
Percent Albedos of Faint Moons and Rings spectra of water ice (Cruikshank and Brown 1981; Satel. 1981; Finket al.
1976; Brown and Clark 1984; Brown and Cruikshank 1997) (see Fig. 2). W
Body \V; J H K confirm that Miranda is fainter than its larger fellow regular uranian satellit
Ariel (cf. Baineset al. 1998).
Miranda 344 22 302+ 15 225+ 1.6 205+ 2.3 The V-J colors of Portia, Proteus, Puck, and Rosalind are all bluer than sol
Puck 11+ 1.5P 20406 23409 36+ 18 Whereas blue V-J seems to be uncommon in the Kuiper Belt (e.g., Detéds
Portia 70 + 2.1 33+ 17 734+37 <65 2000), this relative decrease in reflectance from the visible to the near-infrarec
Rosalind 76 + 0.8° 26+10 65+ 26 <23 typical of water ice, and is typical among icy satellites in the outer Solar Syste
Proteus &+ 0.2 26405 284+ 0.6 47+14 (e.g., Morrisoret al. 1976, Cruikshank (1980)). Additionally, it is well known
N. Ring Ansa 61 + 0.6° 3.0+ 03 27406 33407 fromlaboratory measurements that pure water ice is very blue in V-J (e.g., Cla
S. Ring Ansa 6l + 0.68 24402 25405 33407 andLucey 1984). Blue V-J for satellites may indicate the presence of water i

on these bodies.

Sources(a) Geometric albedo (Veverlet al. 1987); (b) geometric albedo Portia is blue in V-J and red in J-H. The upper limit on the K-band reflectanc
(Karkoschka 1997); (c) geometric albedo, derived from Thoetas. (1989); gives aslightly blue H-K, but because of the large error bars at H-band (0.5 ma
(d) Thomaset al. (1995), Thomas and Veverka (1991); (e) geometric albedo §tightly red H-K cannot be ruled out. The best Solar System small body analo
ring particles (Karkoschka 1997). for the red J-H (11 £+ 0.6) and approximately neutral H-K<(—0.1) colors of

Note.Shown are our measured albedos of Miranda, Puck, Portia, Rosalifi@'tia appear to be the Kuiper belt objects (KBOs) 199¢6T(B.58 + 0.10,
and Proteus, and albedos of the north and south ring ansae, normalized to 33948t 0.10) and 1996 T@s (1.00+0.10, Q03+ 0.10). (Noll et al. 2000).
the K band, equal to the value from Bairezsl.(1998). We used radii of 235 km Both of these KBOs could have near infrared water ice features up to 10
for Miranda (Thomas 1988); 77 km, 55 km, and 29 km for Puck, Portia, arf@ depth, and the spectrophotometry of 1996¢¢ @ay indicate unidentified

Rosalind, respectively (Thomas al. 1989); and 210 km for Proteus (Thomasfeature(s) (Nolket al.2000). Many features less than 10—-20% can be hidden i
and Veverka 1991). the broadband photometry of these two KBOs and, by implication, in Portia

colors too. All three of these objects are red in J-H, possibly indicating organ

Th its of itud d albed ; h inT bImaterials on their surfaces (see below).
€ results of our magnitude and albedo measurements are snownin 1a eSP’lroteusisconsistentwithgrayinJ-H&Gﬁ: 0.3)andisredinH-K (6 + 0.4).

and 2 and Fig. 2. We find that Miranda is relatively blue and bright (albed}Q . . . ,
; " range of Solar System objects with various colors bracket Proteus’ colors, fro
0.2-0.3). Puck, Portia, Rosalind, and Proteus are all dark (albedos less qgai 9 Yy J

. . . ; r?ijects with blue J-H and red H-K to objects with modestly red J-H and H-k

0'1)'_ These four dark §atellltes are ‘T"” blue in V-J. Eroteus Is gray in J-H ad ¢ eyt section for discussion of objects with red J-H and H)ZK). Saturn’s moc
red in H-K; Puck, Portia, and Rosalind all are red in J-H and, where know, hoebe (SIX) has J-H and H-K ofZB+ 0.14 and 041+ 0.15 (Cruikshank
H-K. Our JHK magnitudes for Miranda are in very good agreement with thoﬁ%go), though these values were later revised.#5 @ 0.15 and 015+ 0.20
of Kestenet al. (1998) and Bainest al. (1998): Kesteret al. (1998) report o e yjiet al. 1980). Jewitt and Luu (1998) report that the KBO 19967Bas
JHK of 1530+ 0.05, 1514+ 0.05, and 150+ 0.06 and Bainest al. (1998) 3 a0 1.k of0.21+ 0.17 and 081 + 0.15, though Nolkt al.(2000) report a
report JHK of 1567+ 0.08, 15434 0.05, and 129+ 0.04, in comparison to very different—0.17 + 0.13 and—0.38 & 0.15. One explanation for the various
our JHK of ,1534i 0'05_’ 15324007, and 1540#0'11' Our K magnitude K-band reflectances of this KBO is that it may have spatially heterogeneol
for Prot_eus is 14 + 0_'3' in very good agreement with the value 0f0.9- 0.03 surface water ice deposits. This possibility is also reflected in Phoebe, where
determlneq by Roddiest al. (1997b). . . best model fit to spectral data uses only slightly more than 3% by weight wat

All satellites we detected were found within 0.5 arcsec of the predicted Pe. compared to almost 97% amorphous carbon (Cetah 1999). Since both

sitions according to the JPL Horizons web page. We can therefore makelﬂ‘?oebe and 1996 Tg9 are known to have water ice on their surfaces (Ower
improvement on the orbital solutions and astrometry of these faint satellites.

W dth io of surface brigh b he South and N he:t al. 1999; Brownet al. 1999), in light of the color similarities with Proteus, it
e measured the ratio of surface brightness between the South and Nort be that Proteus also has water ice on its surface. The other body in the S¢

gn_sae as.(?olj:ggg)& Q70 Odti'oai%gf’siogégfg‘]in anddléé;essieocg\ézly. System with strikingly blue J-H and red H-Kis Jupiter's moon Sinope (J1X), witt
ainesetal.( ) measure o= 144, an ) —0.109 and 0.653 (Syke=t al. 2000). Sinope has very different colors than its

in the same bandpasses. Our measurements agree to within the error barg,{ig, .ovian satellites, which potentially reflects a heterogeneous parent box
opening angle of the rings changed slightly between their observatiat& ) (Sykeset al. 2000).
and ours ¢3%). Puck is red in both J-H (8 + 0.5) and H-K (04 + 0.6), although because
3. Discussion of colors and compositionsThe errors on our measurementsof the large error bars, blue J-H and H-K cannot be ruled out. As discusst
are dominated by subtracting the planets’ scattered light from the near-sateliit®ve, the most likely surface material for blue JHK is water ice. Howeve
areas, producing error bars of 0.3 magnitudes or more in some cases. FurtReek is nominally red in J-H and H-K, as is Rosalind2(* 0.6, <1.1), and
more, lightcurve effects have not been included: Thomas (1989) estimated thed, JHK for Proteus also cannot be ruled out; perhaps this indicates similar s
for example, Puck’s delta magnitude due to lightcurve effects can be at méate compositions and geneses. It is surprising, therefore, that the small boc
0.05 magnitudes; Karkoschka (1999) more recently has stated that lightcuitvéhe Solar System with the most similar J-H and H-K likely formed muck
effects could be as large as 0.1 magnitudes for Portia and up to 0.3 magnituegleser to the Sun: asteroid classes C and D (around 0.4 in J-H and 0.2 in H-
for Belinda, another small uranian moon. Because of our large error bars, ghéhn and Lagerkvist 1988) and five of Jupiter’s outer satellites (around 0.5
because of the inherently non-unique nature of broadband photometry, definitid and 0.2 in H-Knor) (Sykeset al. 2000). While it is easy to imagine that
comparisons between the observed moons and other Solar System bodies osfaibe of Jupiter's satellites are captured C- and D-asteroids (hence their sp
oratory spectra are impossible. However, we briefly point out some superfidial similarity), this does not seem a likely proposition for uranian or neptunia
similarities, and comment on the physical implications. satellites. Instead, we look for analogs in the Solar System which, while le:
The colors of Miranda are most similar to other icy moons in the Solar Systegnod matches, might imply more probable histories. The icy body which he
Miranda’s V-J, J-H, and H-K of @94 0.10,0.01+ 0.10, and—0.06+ 0.13  the reddest known JHK is the Centaur 8405 Asbolus (formerly 1995 GC
can be bracketed by the colors of the large, regular uranian moons Ariel ((JyH=0.40+ 0.10, H-K=0.154 0.10), which is likely covered with organic-
and Umbriel (Ull) (with colors 254 0.20, 0234 0.10, and—0.074+0.10 rich molecules (Weintraubt al. 1997; Daviest al. 1998). Puck, Rosalind, and
(Nicholson and Jones 1980; Cruikshank 1980)) and the saturnian moons Tethaybe Proteus might represent bodies which are similar to Asbolus, but redd
(SlI) and Dione (SIV) (colors 854 0.15, —0.204 0.15, and—0.144-0.15  with more organic material (see below). Additionally, some water ice might b
(Cruikshank 1980)). All of these bodies, including Miranda, are known to havequired for these bodies’ blue V-J. In short, these three moons may have I¢
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FIG. 2. Nearinfrared spectra of faint moons and comparison objects, normalized to unity at K-band. Panel (a): Miranda, black; Mirands sB£ir893),
red; Miranda, Kestert al. (1998), green; Umbriel, Cruikshank (1980), blue; Tethys, Cruikshank (1980), yellow; and water ice, Clark (1982), brown. F
(b): Portia, including upper limit at K-band, black; 1996gEPNoll et al. (2000), red; and 1996 Tég, Noll et al. (2000), green. Panel (c): Proteus, black; Phoebe
Cruikshank (1980) and Degewej al. (1980), red; 1996 Tgy, average of Jewitt and Luu (1998), Brownhal. (1999), and Nolkt al. (2000), green; and Sinope,
Sykeset al. (2000), blue. Panel (d): Puck, black; Rosalind (J and H only), dashed black; C- and D-class asteroids, Hahn and Lagerkvist (1988), red; A
Weintraubet al. (1997), green; charcoal, Clark (1982) and Hartmanal. (1982), blue; charcoal, Clark and Lucey (1984), yellow; and Mauna Kea soil witl
1.0 wt.% ice, Clark and Lucey (1984), brown. Error bars are omitted for comparison objects, for clarity. The horizontal bars at the top of panelh@) sh
bandpasses we used.

neutral material than other small, icy bodies, producing dynamic visible aadd J-H (0.1169) and a slightly red H-K (0.0686), similar in sense to the color
near infrared colors. of Proteus (R. Clark, personal communication). Clark and Lucey (1984) ha\

The most likely cause of the red JHK slopes of these faint moons is organsttown that combinations of charcoal and ice can produce spectra with slog
rich surface deposits: surfaces covered with heavy (long-chain) organfosm blue to red in VJHK; combinations that are largely ice arf&D wt.% char-
(molecules composed mainly of carbon and hydrogen) (Sagal. 1984; coal have a characteristic blue V-J (perhaps 40% decrease in reflectivity fro
Cruikshank 1997). The redness of Puck, Rosalind, and potentially Portia andio J) and red JHK (perhaps 20% increase across this range) like the moc
Proteus may indicate that a great deal of organic material is present. Mahyck, Rosalind, and maybe Portia and Proteus. The material “charcoal” used
workers have shown that organic material can have very red slopes from these laboratory studies is not pure carbon and contains varying small amou
visible through 2um (e.g., Clark 1982; Hartmaret al. 1982; Bellet al. 1985; of hydrocarbons. The surfaces of these faint moons may be also covered w
Andronicoetal.1987; Cloutit al.1994; Wilsoret al.1994; Morozetal.1998).  various combinations of materials like these laboratory analogs. Because ra
In particular, combinations of clay, organics, charcoal, and coal are very redalysis and photolysis of simple (short-chain) hydrocarbons produce long-cha
VJHK (Clark 1982; Hartmanet al. 1982; Bellet al. 1985; Cloutiset al. 1994).  hydrocarbons showing an increasingly large C/H ratio with dosage, it may
Clark (1982) and Hartmanet al. (1982) found that fine-grained charcoal canthat the redness of these moons’ spectra is due to the presence of complex
produce red J-H (0.550) and H-K (0.353); however, this is not the best match é@mics on their surfaces. Proof of the presence of such compounds, howe
faint satellites because the charcoal’s V-J (1.573) is much redder than the satelst await higher quality and more detailed probes of the surface compositit
lites’ blue V-J. Clarket al. measured their charcoal to have a blue V-J (0.3042)f these objects.



NOTE 305

Compositional inferences made from color measurements are necessarily ri@mias, F., and C. Buil 1992. First Earth-based observations of Neptune’s satell
unique. Nevertheless, objects such as faint outer satellites, centaurs, and KB@%oteusAstron. Astrophy262, L13-14.
may fit generally into one of three broad categories: (1) blue objects such@§lina, L., R. C. Bohlin, and F. Castelli 1996. The 0.12-2r8 absolute flux

Miranda which may have surfaces dominated by water ice; (2) objects withgistribution of the Sun for comparison with solar analog stas¢ron. J.112,
neutral colors (uranian rings) which may have spectrally neutral materials such agg7—315.

ngarly pure, amorphous_ (_:arbon present, or for which more complicated spe%t:r ikshank, D. P. 1980. Near-infrared studies of the satellites of Saturn a
signatures and compositions may be masked by broadband photometry; an ranuslcarus4l 246—258
red objects such as Puck and Rosalind which might be objects whose surfaces ' ' '

are at least partially composed of heavy organics. Proteus and Portia may fﬁ:[H'ks_hank’ D.P. 1997' Organic matter in the outer SOIE’_“ System: From the rr
any of these categories, depending on the values of their J-H colors. Despit@orltes tothe Kwper belt. Irom Stardust to Planetgsmeﬂ&{. J. Pendleton
color differences, we note that the bulk compositions of all of these bodies mayand A.G.G.M. T|e|ens,‘E_ds.), ASP Co_nference Series, Vol. 122, pp. 315-3:
be strikingly similar, with minor constituents producing large color variations. Astron. Soc. of the Pacific, San Francisco.

Additionally, most outer Solar System objects do not fit neatly into one of the§duikshank, D. P. and R. H. Brown 1981. The uranian satellites: Water ice ¢
three categories, indicating that more than one of these statements (and henééiel and Umbriel.lcarus45, 605-611.

minor surface constituents) may apply. The faint moons studied here appPavies, J. K., N. McBride, S. L. Ellison, S. F. Green, and D. R. Ballantyne 199¢
more similar as a group to KBOs than to any other group of Solar System smalVisible and infrared photometry of six centaulsarus 134, 213-227.

bodies. Thus, whether there are intrinsic and fundamental differences betwggiies, J. K., S. Green, N. McBride, E. Muzzerall, D. J. Tholen, R. J. Whiteley

the faint outer satellites, Kuiper belt objects, and centaurs is not clear. Naturallym. J. Foster, and J. K. Hillier 2000. Visible and infrared photometry of fourteer
additional data will assist in classification and lead toward understanding thekuiper belt objectslcarus 146, 253-262.

formation of these outer Solar System icy satellites. Degewij, J., D. P. Cruikshank, and W. K. Hartmann 1980. Near-infrared co
orimetry of J6 Himalia and S9 Phoebe: A summary of 0.3- to2n2re-
flectanceslcarus44, 541-547.
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