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ABSTRACT
A keyhole is a locus of points on the b-plane of an asteroid close encounter leading the asteroid to a heliocentric period in resonance with that of the Earth. Consequently, if an asteroid crosses a keyhole, the close encounter geometry (and thus the chance of an impact) will repeat itself after an integer amount of years. The location of the keyholes on the b-plane can be computed analytically [1]. 

The analytical computation of the location of keyholes in the b-plane assumes that the asteroid undergoes Keplerian motion between encounters, and, as  a consequence, the minimum orbit intersection distance (MOID) remains constant. During the preliminary analysis of the collision probability this is a very useful approximation. Nonetheless, the heliocentric orbit between encounters is perturbed by other bodies of the solar system. 

In this paper we investigate the effect of a perturbed MOID on the keyholes of 2021 PDC and other bodies of interest. We first compute the keyholes assuming that the MOID remains constant during the time between encounters. Using this approximation we can generate initial conditions that are tested with two additional models of increasing complexity. First, we propagate the asteroids semi-analytically accounting for the secular influence of Jupiter and intermediate encounters elsewhere, either with Earth or other planets. Then, the MOID is computed numerically using a full ephemeris N-body numerical integration. These three methods yield three different keyhole sizes and shapes. Given the uncertainty in the orbit solution of the asteroids, this translates to different estimates of the probability of collision. We analyze the accuracy of the less complex models and study the trade with the additional computational effort.
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