Asteroid close approaches and monitoring for possible impacts
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We have only recently learned how to detect possible far-future impacts by newly discovered asteroids, especially when the probability of such an event is one in a million and less. An automatic impact monitoring system, such as the one already operational at the University of Pisa, requires a good qualitative understanding of the dynamics of close approaches between asteroids and planets. Current impact prediction systems, including the one used at JPL, are based upon the knowledge of the theory of resonant and non-resonant returns, which was initially developed to aid understanding of the threat posed by the asteroids 1997 XF11 and 1999 AN10. More recently we have obtained a full understanding of the geometry of keyholes, which predict collisions at subsequent encounters, and some understanding of the most difficult cases, the so called interrupted returns. This know-how is necessary to automatically scan very long lists of future close approaches and reliably detect the potentially dangerous ones. We describe and compare the different approaches used in Italy and at JPL, report recent improvements aimed at a more complete automation of the procedure, and discuss the remaining limitations. The goal is to have two redundant impact monitoring systems, each based on totally independent software and with different algorithms, to ensure extreme reliability in the detection of possible future impacts at an even lower level of probability. Experience has shown that the effect of such an early warning system is that the critical asteroids are followed up as necessary, and hence are not lost. In this way essentially all the predictions of potential collisions can be contradicted by additional observational information, but if the search for possible impacts is not performed automatically and immediately after discovery, impacting solutions can remain as a potential threat.

