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ORBITAL SIMULATIONS OF SATELLITE ESCAPE/CAPTURE AND THE 
ORIGIN OF SATELLITES SUCH AS TRITON; Lance A.M. Benner and William B. 
McKinnon, Department of Earth and Planetary Sciences and McDonnell Center for the Space 
Sciences, Washington University, Saint Louis, MO 63130-4899. 

We investigate satellite escape/capture in the context of the restricted, circular three body 
problem as applied to the Sun, Neptune, and Triton. We have computed a large number of coplanar 
prograde and retrograde orbital simulations over a range of initial distances and velocities. The 
satellite starts at superior conjunction within - 2 Hill radii of Neptune and has a velocity orthogonal 
to the Sun-planet line. Orbits with these initial conditions can be reflected with respect to time [I], so 
an escape is simply the reverse of a capture. We numerically integrate the equations of motion to 
compute the satellite's position until it escapes, collides with Neptune, or after - 100 planetary years, 
fails to escape, when computations cease. The intial distance x and velocity v in the restricted 
problem uniquely define the Jacobi constant C, a conserved energy-like quantity. Plots of the 
simulation outcomes in the prograde and retrograde C, x phase spaces (Figs. 1 and 2) reveal distinct 
zones in which temporary satellites approach the planet closely enough that permanent capture can 
be effected by gas drag with a protoplanetary nebula [2,3] or by collision with a pre-existing satellite 
[4]. Single and double close-flybys constitute the most common possible capture orbits. Long term 
(2 10 planetary years), multiple flyby orbits occur near the stability limits between bound and 
unbound orbits, and are more common among retrograde captures. 

Figures 1 and 2 summarize several tens of thousands of prograde and retrograde simulations, 
respectively, where each point indicates the result of one simulation. Individual C, x curves 
represent orbits computed from a constant initial eccentricity relative to the planet. Curves on the left 
in the plots depict simulations begun at pericenter; simulations on the right began at apocenter. The 
simulation outcomes are divided into six categories: 1. capture: minimum distance R,;, I 30 RN 
(RN = radius of Neptune), where a protoplanetary nebula or pre-existing satellite system could exist; 
2. collision with the planet; 3. no capture: initial distance = minimum distance; 4. no capture: Rmi, 2 
30 RN; 5. no escape: Rmin > 30 RN; 6. no escape: R- I 30 RN. 

The capture zones are adjacent to and generally mask narrow collision regions. Potential 
capture orbits are - 3 times more numerous among retrograde than among prograde simulations, in 
part because of the greater stability of retrograde orbits at large planetary distances. Prograde orbits 
about Neptune become unbound if C I 3.00585, when the zero velocity curves open at the inner 
Lagrangian point L;?. No similar condition exists for retrograde objects. Instead, an irregular band 
of bound orbits (indicated by many very close crosses) extends from the upper left to the lower right 
in Fig. 2, but appears blank near the legend. The complicated structure in the figures is a 
consequence of the nonlinear nature of the three body equations of motion 151, which indicate that 
satellite capture is a fundamentally nonlinear process. 

Although the present orbit of Triton is retrograde, prograde simulations may also be relevant 
to Triton because some capture orbits alternate between prograde and retrograde inclinations. 
Similar C, x phase space behavior should exist for planets with smaller and larger masses and scale 
according to their Hill spheres. Consequently, these integrations are applicable to other possibly 
captured objects such as the prograde and retrograde outer moons of Jupiter, Phoebe, and perhaps 
Nereid. 

Additional work is in progress to fill the gaps in the C, x phase space where computations are 
not yet complete. 
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SATELLITE ESCAPEICAPTURE ZONES: Benner L.A.M. and McKinnon W.B. 

FIG. 1: PROGRADE COPLANAR CAPTURE/ESCAPE FOR NEPTUNE 
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FIG.2: RETROGRADE COPLANAR CAPTUREIESCAPE FOR NEPTUNE 
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