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The Effects of Stellar Perturbations on the Orbits of the Outer Planets and 
Objects in the Kulper-Duncan Disk. 

S. Alan Stern (U. Colorado). 

We Investigate the potential importance of stellar perturbatlons on the orbits of the 
outer planets and objects in the Kuiper-Duncan disk up to 500 AU from the Sun. 
Stellar and molecular cloud perturbatlons are known to control the dlstrlbutlon of or- 
bits In both the outer and Inner Oort Clouds (1). Impulses caused by close encounters 
with these objects are important In the comet cloud primarily due to the great distance 
of the cloud from Its central field source, the Sun. 

The issue of perturbatlons by passing stars on dlstant planetary and cometary or- 
bits has become more Important since Sussman and Wisdom (2) found that the orbit of 
Pluto Is chaotic with a Lyapunov exponent corresponding to an e-folding divergence 
tlmescale of 2x10~  years. A single scaling calculation demonstrates that perturbations 
on Pluto and more dlstant (hypothetical) planets due to close encounters with stars 
can exceed the effects of the Jovian planets by an order of magnitude; the effects of 
external perturbatlons were not considered by Sussman and Wisdom. 

For the purposes of this calculation, the stellar population of the galaxy was broken 
into nine types; the familiar eight main-sequence dwarf star classes (O,B,A,F,G,K,M) 
and the dominant type of stellar remnants, white dwarfs. The contribution due to neu- 
tron stars and stellar-mass black holes may be neglected because the total number of 
stellar black holes and neutron stars is much smaller than the population of white 
dwarfs (wd's), owlng primarily to the greater production rates of wd's. 

Using the stellar density and velocity statistics given by (3) and the standard kinetic 
theory approach to encounter statistics to compute the differential Impulse on an ob- 
ject orbiting the sun due to a passing star, It is found that the likelihood of substantial 
perturbations on objects at and beyond 40 AU is not insignificant (see Figure 1). Fur- 
ther, It is found that numerous substantial stellar perturbations are likely to have influ- 
enced the orbits of any objects orbiting the sun beyond -200 AU. It Is shown that 
these perturbations can contribute to a prevalence of moderate eccentrlcltles and In- 
clinations for planets and comets beyond the orbit of Neptune. Given the recent dis- 
covery of chaotic behavior in Pluto's orbit (2), the effects of external perturbations on 
the long-term stability of Pluto's orbit warrant continued study. 

Because these results also apply to comets and debris in the Kulper-Duncan disk 
(4), external perturbations may exacerbate the delay of the accumuiatlon of large plan- 
ets beyond - a few hundred AU. Since Ne Is proportional to the age of the solar sys- 
tem, significant eccentricities and lnclinatlons should be expected to be a general 
property of distant planetary and cometary orbits In other mature solar systems as well. 
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Flgure 1. The number of stellar encounters Ne (as a functlon of stellar type) causlng a 
perturbation ten tlmes that of Juplter (l.e., ft0.015) for (a) an object In an orblt wlth 
semi-major axls a=40 AU; and (b) for a seml-major axls a=200 AU. Ne scales Inversely 
to the perturbation magnltude. 
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