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The solar system's inventory of comets is stored in two dynamically long-lived reservoirs, the Oort 
cloud at semimajor axes of - 3-100 x 1@ AU, and the Kuiper belt at distances of 30 to -- 100 AU, 
beyond the orbit of Neptune. Although the Oort cloud is not yet observationally accessible, the 
Kuiper belt is, and a total of 32 objects have been discovered in trans-Neptunian orbits as of the end 
of 1995 (Weissman and Levison 1996). In addition, - 30 cometary-sized objects have been detected 
in the Kuiper belt using the Hubble Space Telescope (Cochran et al. 1995). These discoveries, as 
well as other means of estimating the population of the Kuiper belt at various size ranges, make it 
possible to construct a size distribution for icy bodies in this region of the solar system. Since the 
Kuiper belt is the likely source of the short-period comets (Duncan et al. 1988) and because the long- 
period comets likely formed in the adjacent Uranus-Neptune zone, this size distribution may be 
applicable to cometary sized bodies in the Oort cloud as well as the Kuiper belt. 

A proposed size distribution for comets in the Kuiper belt is shown in the accompanying figure. The 
numbered dots represent population estimates by various researchers while the lines, labeled with 
letters, represent proposed power law size distributions for the population. Heavy dark lines along 
each labeled line segment represent the size range over which that particular size distribution has 
been proposed. The proposed size distribution for objects in the Kuiper belt is a broken power law 
shown by the heavy continuous line extending from upper left to lower right in the figure. 

The population estimates for the Kuiper belt are as follows: 1) 5 x lo9 cometary-sized bodies (1 
5 R 10 km) based on Duncan et al.'s (1995) estimate of the population needed to supply the 
observed population of short-period comets; 2) > 2 x 108 Halley-sized objects (5 r R I 10 krn) 
from Cochran et al.'s (1995) detection of - 30 Halley-sized bodies in Kuiper belt orbits; 3) < 3 
x lo7 objects (20 5 R I 330 km) based on Levison and Stern's (1995) estimate of the number of 
Kuiper belt objects needed to excite the observed eccentricity of Charon's tidally evolved orbit 
around Pluto (Tholen and Buie 1996); 4) > 3.5 x lo4 objects (50 < R < 200 km) from Jewitt 
and Luu's (1995) detection of seven objects at Kuiper belt distances after searching 1.2 square 
degrees of sky; and 5) the detection of only one trans-Neptunian body, Pluto, with R > 1,000 
km within - 60 AU of the Sun (Tombaugh 1961; Kowal 1989). 

We assume the size distribution of objects in the Kuiper belt can be represented by a power law of 
the form: n(R) dn a R-bdR. The estimates of the slopes, b, for the various line segments are as 
follows: A) b = 3  for cometary-sized bodies as suggested by Shoemaker and Wolfe (1982) based 
on observations of distant cometary nuclei; B) and C) b=3-5 as found by Cochran et al. (1995) 
for the size distribution of Halley-sized bodies detected in the Kuiper belt with HST; and D) and 
E) b = 1-2 as found by Jewitt and Luu (1995) for the seven bodies discovered in their initial survey. 
Note that the low slopes for segments D and E predict orders-of-magnitude too few cometary-sized 
bodies for the Kuiper belt to be the source of the shert-period comets, and too many Pluto-sized 
bodies in the outer solar system. Thus, the low slope can only be valid over a limited size range. 
The low slope may be the result of collisional evolution of objects in the Kuiper belt, or may be due 
to observational incompleteness at the very faint magnitudes of the Kuiper belt detections (V 
magnitudes > 22). 

Our best guess for the overall size distribution in the Kuiper belt is shown by the heavy black line, 

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



1410 LPS XXVII 

SIZE DISTRIBUTION OF COMETARY NUCLEI P. R. Weissman and H. F. Levison 

and assumes a broken power law with slope of b=3  at radii less than 10 km, and b=4.5 at larger 
radii, with the caveat that the slope may be somewhat flatter in the 50 < R < 200 krn size range 
if Jewitt and Luu's value is correct. In addition, there may be a sharp cutoff in the size distribution 
at R > 300 km, as suggested by the failure to detect trans-Neptunian bodies at those sizes, other 
than Pluto and Charon (Tombaugh 1961; Kowal 1989). If that is the case, then Pluto and Charon 
could be the result of a runaway accretion of a few larger bodies in the trans-Neptunian region. 

The broken power law size distribution is similar to that found by researchers for the size distribution 
of cometary nuclei (Weissman 1982, 1990; Bailey and Stagg 1988) and for the size of planetesimals 
accreted in the Uranus-Neptune zone (Greenberg et al. 1984). An interesting feature of this size 
distribution is that the bulk of the total mass is near the knee in the curve, at mean radii of - 10 km, 
slightly larger than comet Halley. 
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