SMALL BODIES IN THE OUTER SOLAR SYSTEM
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This report is a continuation of three earlier reviews (Marsden 1996a, 1996b, 1998)
that included a summary of our orbital knowledge of the Kuiper Belt. Presented at
conferences held in the middle of 1994, 1995 and 1996, respectively, these reviews
showed the steadily developing picture of a system dominated by the plutinos,
librating in the 2:3 mean-motion resonance with Neptune, and the cubewanos, a
somewhat more distant population of nonlibrating objects with low orbital eccen-
tricities. The existence of a 3:4 Neptune librator and a 3:5 Neptune librator was also
suspected. These librators have now been confirmed, and a possible 4:7 librator
- and possible second 3:5 librator have also been found. The known and suspected
multiple-opposition librators are listed in Table 1. Here it is important to note that
the orbital semimajor axes a (in AU), eccentricities e and inclinations ¢ (in degrees
with respect to the 2000.0 ecliptic) are mean values that eliminate the large 12-year
and 30-year periodicities arising from the indirect perturbations by Jupiter and

Table 1. Librating Kuiper Belt objects.

a e 1 H Nep. Ura.
3.4 (3641) 1995DA, 36.39 0.073 6.5 80 80 145

2:3 (3939 1993RO 3930 0.199 37 80 125 114
1995YY3? 3936 0220 04 85 147 11.1
1997 QJ4 3936 0220 16.6 75 159 130
1993 SB 3938 0320 19 80 201 75
1996 TPss 3942 0330 57 6.5 220 69
1994 JR, 3944 0119 38 7.5 115 158
1996 TQss 39.47 0.123 147 65 142 148
1995 QZ, 3952 0.148 196 75 165 143
1996 SZ,4 3955 0253 47 80 182 99
1994 TB 39.55. 0318 121 70 228 88
Pluto 3955 0250 171 -1.0
1993 SC 3959 0.186 5.2 70 149 124
1995 HM; 39.60 0.253 48 80 152 106
1996RRyy 3970 0.183 53 70 113 138
1995 QYo 3976 0265 48 75 117 92

35 (4225) 199438 4229 0217 140 80 144 144
1996 TRes 7 4235 0219 124 75 169 144

47 (43.65) 1997CVy? 4367 0.183 8.0 70 118 165
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Table 2. Nonlibrating Kuiper Belt objects.

a e 1 H Nep.

58 (41.12)
1997RXy ? 4138 0.035 300 80 102
1997 RT; 4171 0082 127 70 92
3.5 (42.25)
1997QH,? 4271 0031 132 70 115
1996 TKes ? 4277 0005 33 70 123
1994 VKs 4281 0030 15 65 112
1994EV; 4294 0041 17 70 113
712 (43.05)
1996 TOss 4347 0.131 274 45 102
1997CUy» ? 4353 0029 15 65 120
47 (43.65)
1993 FW 4378 0049 77 70 124
1994GV, 4379 0061 06 7.0 11.1
1997CTy ? 4384 0025 10 50 125
1996 TSes 4392 0.124 73 60 92
1997CSp 4394 0011 22 50 134
1992QB; 4400 0071 22 70 111
1996 RQy  44.04 0.109 317 70 96
1994 JQ, 44.14 0049 37 70 120
1995DC;, 4415 0068 23 7.0 110
5.9  (44.48)
1997CQp 7 4471 0081 29 65 109
6:11 (45.03)
1997 CRy ? 4509 0.078 191 65 127
1996 KV, 4527 0.110 81 75 101
713 (4541)
1994 ES, 4586 0115 1.1 75 103
1995WY, 4653 0129 17 70 104
1995DB, 4662 0140 41 75 101
12 (@47.71)

Saturn on sun-centered orbits. The numbers in parentheses are the semimajor axes
(in AU) corresponding to the resonances. Following the absolute magnitude / , the
entries “Nep.” and “Ura.” show the minimum distances (in AU) from Neptune and
Uranus (the latter being of course quite small for the most eccentric 2:3 Neptune
librators) within several millennia of the present time.

Table 2 lists the corresponding data (except for the minimum distances from
Uranus) for the established cubewanos, which range over 41 < a < 47 AU, with
e rising to 0.14 for the most distant objects. The existence of several high-: objects
is an interesting new feature that warrants the need for searches at high ecliptic
latitudes. The initial columns in this table show the positions of the resonances with
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Table 3. Centaurs and Scattered-Disk objects.

a e 1 H Nep. Ura. Sat. Jup.
(2060) Chiron 1367 0381 69 65 68 06 04 29
(5145) Pholus 2030 0572 247 70 03 49 06 35
(7066) Nessus 2461 0520 156 96 43 43 18 64
(8405)1995GO 1805 0620 176 90 64 08 02 21

1994 TA 1679 0303 54 115 79 14 50 64
1995 DW, 2506 0247 41 80 10 02 86 128
1997 CU3 1578 0170 234 65 127 28 44 8.1
1996 TLegs 8382 0582 240 50 6.4

Neptune (out to sixth order) and possibly give a first indication of the presence of
“Kirkwood gaps’—except, of course, for the high-e 3:5 and suspected 4:7 librators
shown in Table 1. It is also noteworthy that the population seems to terminate
inside the 1:2 resonance, at least for objects of the size represented by the observed
H values, although this requires further investigation. Sensitivity of the detection
probability to distance, and hence to a, suggests that the observed plutino-cubewano
ratio, 0.65, is about twice what it would be for objects down to a given minimum
size.

One of the objects discovered in late 1996 at the general distance of the Kuiper
Belt was the perihelic detection (Luu et al. 1997) of the single known member, 1996
TLeg, of what has been termed the “scattered disk™, a presumably large population
of objects in orbits of rather large eccentricity and moderate inclination that at
perihelion can have modest interactions with Neptune. The scattered-disk objects
have an obvious dynamical symmetry with the centaurs that exist in rather unstable
orbits within the realm of the giant planets and that in some cases interact with
Neptune at aphelion. Table 3 gives orbital data for the seven known centaurs (three
of which are intrinsically fainter than any of the entries in Tables 1 and 2) and
the one known scattered-disk object. For the centaurs, columns ‘Sat.” and ‘Jup.’
also show the minimum distances (again within just millennia of the present) from
Saturn and Jupiter. The physical similarity of at least some of the centaurs to the
short-period comets has been suspected (Kowal et al. 1979) or known (Meech and
Belton 1990) for some time, and dynamical analyses (Duncan ef al. 1995) strongly
suggest that the centaurs are objects in transition between the Kuiper Belt (where
they presumably originated) and the Jupiter Family of comets with their aphelia
generally in the vicinity of Jupiter.

The objects tabulated in this paper have all been observed at more than one
opposition. In addition, there are 26 single-opposition Kuiper Belt candidates, at
least half of which are lost.
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