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NUMERICAL SIMULATION OF RETROGRADE TIDAL CAPTURE OF A 
TRTTON-LIKE PLANETOID BY A NEPTUNE-LIKE PLANET: TWO-DIMENSIONAL 
LIMITS OF A STABLE CAPTURE ZONE; Robert J. Malcuit, Dept.of Geology and Geog., 
Denison Univ., Granville, OH 43023; David M. Mehringer, Dept. of Astronomy and 
Astrophys., Univ. of Chicago, Chicago, Il60637; and Ronald R. Winters, Dept. of Physics 
and Astron., Denison Univ., Granville, OH 43023. 

A three-body (sun, planet, planetoid) numerical simulation program is used to 
determine the two dimensional extent of a Stable Capture Zone (SCZ) for the case of a 
triton-like planetoid (triton's mass and density) encountering a neptune-like planet. In a 
previous report [I] we placed limits on the SCZ for only one eccentricity state of the 
planetoid's orbit. The computer program uses a 4th order Runge-Kutta integration scheme 
and has an energy dissipation subroutine which operates within 20 neptune radii (%) using 
equations for energy dissipation from [2,3]. The major variables in the calculation are (1) 
the displacement Love number (h) for each body, (2) the specific dissipation factor (Q for 
each body, (3) the perihelion radius of the planet's orbit, (4) the perihelion radius of the 
planetoid's orbit, (5) the eccentricity of the planet's orbit, (6) the eccentricity of the 
planetoid's orbit, (7) the planet anomaly (the initial position of the planet in its orbit), (8) the 
planetoid anomaly (the initial position of the planetoid relative to the planet), and (9) the 
initial distance of separation between the planet and planetoid. In order to limit this set of 
variables, we used (1) a circular planet orbit, (2) a constant set of Q values for the planetoid 
(Q= 1 for the initial close encounter and Q= 10 for all subsequent encounters), (3) a constant 
pericenter radius (r,) of 1.10 % for all initial encounters of an encounter sequences 
(rp= 1.055 is the approximate limit of the neptunian atmosphere), (4) an initial distance of 
separation of 10,000 % (which is well beyond the limits of the Hill sphere for planet neptune 
(about 4300 RJ, and (5) the h of the planet is 0 (no energy is dissipated in the planet). The 
major variables that were systematically varied for generation of this data set were the 
eccentricity of the planetoid's orbit, the planet anomaly, and the displacement Love number 
of the planetoid. 

A Stable Capture Zone (SCZ) is defined as a zone of phase space (defined here in 
terms of planet anomaly) in which any encounter with rp= 1.10 % will attain a stable capture 
orientation if the h of the planetoid is sufficiently high to dissipate the energy for capture (see 
Fig. 1). In general, a triton-like planetoid with an h of 0.15 or higher will dissipate the 
necessary quantity of energy for capture (about 1 x 1034 ergs). The higher the h at the time 
of capture, however, the smaller the resulting capture orbit and the more stable it is to 
subsequent solar gravitational perturbations. The dimensions of the SCZ in planet anomaly 
degrees (nearest 5") measured counterclockwise from a O" position which is 180" from the 
perihelion radius of the planetoid's initial orbit are: 

ECC(T) =0.0050; no SCZ 
ECC(T) =0.0075; SCZ from A N N  =295" to A N 0  =330° 
ECC(T)=0.0100; SCZ from AN(N)=295" to AN(N)=315" 
E C C O  =0.0125; SCZ from AN(N) =250° to AN(N) =270° 

and from AN(N)=5" to AN(N)=20" 
E C C O  =0.0150; no SCZ 
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There are Fringe Zones (FZ) for stable capture (Fringe Zones are characterized by a 
mixture of stable and unstable orbits) on both sides of the SCZ and in the case of 
E C C O  =0.0125 between the SCZ's. The extent of the FZ's vary from less than one degree 
of planet anomaly to several 10's of degrees of planet anomaly. 

From this set of co-planar simulations we can conclude (1) that for stable retrograde 
capture the major axis of the planetoid's heliocentric orbit must be nearly tangent to the 
planet's orbit (within a few degrees) following the first encounter of an encounter sequence, 
(2) that this orientation can be obtained only under limited initial heliocentric orbital 
configurations of the planet and planetoid, and (3) that the planetoid's initial heliocentric 
orbit must be very similar in major axis and eccentricity to that of the planet. A more 
general conclusion is that although the probability of intact (tidal) capture is low, a Stable 
Capture Zone exists. 

- 

Most planetary scientists agree that Triton is a captured satellite because of its high 
inclination relative to the equatorial plane of the planet and its retrograde orientation [4,5,q. 
We think that regardless of the mechanism of capture, gas drag [4], collision 131, tidal [I], 
or some combination of these, the resulting elliptical orbit must obtain an orientation similar 
to that described above. 
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Figure 1. (a) Diagram showing the first ten orbits of a stable retrograde capture 
scenario in a non-rotating coordinate system. Some values for this run are rp= 1.10 %, 
neptune anomaly = 30S0, planetoid anomaly = 352.505", planetoid heliocentric 
eccentricity = 1 % , planetoid h =0.2, other parameters are given in text. (b) Diagram showing 
six-orbit retrograde sequence resulting in a neptocentric orbital collision (i.e., unstable orbit) 
in a non-rotating coordinate system. some values for this run are rp = 1.10 k, neptune 
anomaly =285", planetoid anomaly = 33 1.420", planetoid heliocentric eccentricity = 1.5 % , 
planetoid h=0.2, other parameters are given in text. 
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