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ABSTRACT

The question of whether to attempt deflections during planetary defence emergencies has been subject to considerable decision-making analysis. Hypothetical situations usually involve a newly discovered asteroid with a high impact probability on a short timeline. This paper addresses two further complexities: (1) Circumstances in which missions to an asteroid should be avoided to prevent the risk of a human-created Earth impact; (2) Circumstances in which a pre-emptive deflection is the best option, even though the risk of an impact is many decades away. Apophis presents the perfect case study, and we will address the two complexities in turn. 

(1) While Apophis will pass safely by Earth in 2029, the strong orbital perturbations caused by the extremely close flyby make its post-encounter orbit difficult to predict. The post-encounter orbital uncertainty is a concern due to the potential for an impact during a subsequent encounter, with the 2068 apparition representing the most immediate (though still small) impact risk. 

The more the orbital uncertainty can be reduced before the 2029 flyby, the better we will understand just how accessible the 2029 b-plane keyholes might be, including under pre-encounter perturbations should any occur. 

The issue of pre-encounter perturbations should be examined because the 2029 apparition is of keen interest for science and planetary defence, as it presents opportunities that are not immediately available with other asteroids, including measuring potential resurfacing, changes in spin state, and other tidal effects. A number of missions have already been proposed. 

This raises the small but real possibility that human interference could unintentionally redirect the asteroid into a 2029 b-plane keyhole. Such interference could take the form of surface operations, followed by unintended effects, or an accidental spacecraft impact due to an in-flight failure. The 2021 observing campaign will tell us the degree to which this particular situation is of concern for Apophis, and hopefully dismiss it, but this raises the more general question of how such policy situations should be addressed.

(2) Looking much farther into the future, we can also ask whether the risk of an eventual impact with Apophis is unacceptably high, and if so, whether active shepherding of the asteroid should begin after 2029. Taking a pre-emptive approach to deflection may allow for methods that reduce technical and political risks associated with a rapid planetary defence response.

Altogether, this paper will explore a precautionary approach to missions that visit high-risk asteroids and examine whether certain circumstances might call for pre-emptive deflections.
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