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CHAOTIC MOTION IN THE KUIPER BELT OF COHETS: THE DELIVERY OF SHORT 
PERIOD COSTS 

?4. V. Torbett, Univ. of Kentucky 

The origin of short-period comets has recently become somewhat of a 
puzzle. The traditional explanation invoking planetary scattering of Oort 
cloud comets to short-period orbits has.been called into question by recent 
numerical experiments indicating that short-period comets cannot arise from a 
spherically distributed reservoir such as the Oort cloud (1). 

Short-period comets generally have semimajor axes clustered near that of 
Jupiter and are, thus, gravitationally controlled by that planet. 
Furthermore, short-period comet orbits are very strongly flattened towards the 
plane of the ecliptic with exclusively prograde orbits with mean inclination 

<i> - 15' . The previously accepted explanation for the delivery of 
short-period comets employs the gravitational scattering of Oort cloud comets 
to more tightly bound orbits by close encounters with Uranus and Ne?tune and ! 

subsequent re-scattering to orbits that eventually become Jovian dominated 
(2). The randomization of orbit21 angular momentum vectors of Oort cloud 
coaets by galactic tides and stellar perturbations ( 3 , 4 ,5 ,6 )  insures that new 
comet inclinations are essentially isotropically distributed across the sky. 

The recent numerical experiments (1) indicate a difficulty in 
gravitationally scattering this isotropic distribution to a highly flattened 
distribution even with multi-stage scattering processes. Thc process of 
gravitational scattericg does not enhance sufficiently the probability of 
being caught in a low-inclination prograde orbit to adequately account for the 
high degree of flattening exhibited by the short-period comets. Close 
agreemezt betrcee:: mode! predictions and the observed distributions of 
inclination. semimajor axis. argumeat of perihelion. and aphelion for 
short-period comecs can be obtained. however. if the source region is assumed 

0 0 to be a low-inclination (i = 0 - 18 ) belt of comets beyond the orbit of 
Septune (I). The authors suggest that chaotic motion in this "Kuiper belt" 
might, oc locg timescales. lead to comets wandering into Xeptune-crossing 
orbits and ultinately become short-period comets. 

An extensive numerical program of direct integration of the 'equations of 
motion for belt comets perturbed by the four major planets was undertaken to 
assess the extent of chaotic motion in this Kuiper belt. The experimental 
procedure involved integration of the three-.dimensional equations of motion of 
massless comets in a heliocentric  artesian coordinate system for ten million 
years subject to the perturbations of Jupiter, Saturn. Uranus, and Neptune 
constrained to move in fixed orbits with their present orbital elements. 

The stability of the resulting motion was assessed by calculating the 
value of the principal Lynp~nov exponent which measures the rate at which 
neighboring trajectories diverge by the rescaling technique (7). The results 
of this study indicate that a significant region of the hypothetical comet 
belt can exhibit chaotic motion within ten million years. Plotted in Fig. (1) 
are the values of semimajor zxis and eccentricity explored with those values 
exhibiting chaotic motion being represented as crosses for values of the 

0 0 inclination cf i = 0 and i = 30 . As can be seen, a sizeable fraction of the 
0 comet belt inferred f ~ o r n  the referenced simulations (1) (i = 0 - 18O, a = 30 
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- 50 AU) can develop chaos. Of the points plotted in Fig. (1) that developed 
chaos, some 9.3% became Neptune-crossing with 7.9% of them originating with 

0 semimajor axes a < 60 AU for the i = 0 case. Of those chaotic trajectories 
0 with i = 30 , 18.6% became Neptune-crossers with, similarly, the bulk (14.4%) 

coming from a < 60 AC. These numbers indicate that the delivery of comets to 
Septune-crossing orbits from the Kuiper.b'elt by planetary perturbations can be 
quite efficient. Since inclinations are not significantly altered during 
scattering from Neptune-controlled orbits to Jovian-controlled orbits (I), 
these comets can ultimately acquire orbital characteristics similar to thzt of 
short-period comets. 

Fig. 1. Range of semimajor axis, a. and eccentricity, e ,  explored (dots or 
crosses) and trajectories exhibiting chaotic motion (crosses) for 

0 
inclinations with respect to the ecliptic of (a) i = 0 and (b) i = 

30'. 
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