Optimized orbital ranging for trans-Neptunian and near-Earth objects
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We study the orbit determination problem for two distinctively different populations of small bodies, the trans-Neptunian objects (TNOs) and the near-Earth objects (NEOs), using statistical orbital ranging. TNO and NEO populations represent the extremes in the diversity of small bodies found in the solar system not only by their dynamical and physical characteristics but also by the nature of their orbit determination problem. While the TNO orbital element probability densities tend to be very complicated, the projected distributions of their sky-plane uncertainties are remarkably unambiguous. For NEOs the case is the opposite; even for fairly simple orbital element probability densities, the ephemeris distributions on the sky plane can be highly complicated. By having improved the orbital ranging technique significantly, we have accelerated the computations---by several orders of magnitude for certain examples. We are thus able to provide a systematic study concerning the orbits of the entire trans-Neptunian population. We address the problem of dynamical classification for TNOs statistically, noting the implications of invariance under orbital element transformations, and illustrate the extremity of TNO and NEO orbit determination problems with examples.

