Asteroids, Comets, Meteors (2012)

6471.pdf

KEYHOLES AND JABBAS: THE ROLE OF PRE-IMPACT CLOSE APPROACHES IN ASTEROID
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The problem of how to deflect a threatening Near- proaches provide? How wide can keyholes get? Are

Earth Object on a "direct" collision course witheth
Earth is fairly well understood: the plan would toe
apply a velocity change in the along-track dirattio
so that over time the asteroid would move far ehoug
ahead or behind its original trajectory that it Vebu
miss the Earth. It is quite likely that the deflen

would have to be applied many years and many asterolated impactors [1].

id revolutions before impact, so that the smalbe#y/

there other scenarios in which pre-impact close ap-
proaches have the opposite effect, reducing thezteff
of prior along-track deflections instead of ampiify
them?

We answer these questions statistically by studying
deflection leverage within a set of nearly 1000sim
All pre-impact Earth close- ap
proaches within 0.2 AU during the 50-year period

change would have enough time to move the asteroidleading up to impact for each of these impactonewe
the necessary thousands of kilometers along itd orb analyzed, a total of nearly 3500 cases. Aheaddf e

by the time of the potential impact. There is, baw

close approach, a series of test points was satamng

er, a good chance that the NEO would make one orthe line of variations, and the points were nunadiyc
more Earth close approaches during this interveningintegrated to the impact target plane. Iteratidtiivv

time: these can significantly affect the outcomehef

the set was used to find bounding trajectoriesitepd

deflection and must be considered when developingto impact. The separation between the bounding tra

deflection strategies.
The possible 2036 impacting trajectory for Apo-
phis is a great example: this trajectory makesyan e

tremely close Earth encounter seven years before im

jectories in each of their pre-impact target plawas
then used to compute the deflection leverage df eac
of the pre-impact close approaches.

Results of the study indicate that large-leverage

pact, passing through a 600m-wide keyhole in the pre-impact close approaches such as that of Apophis

2029 target plane. A keyhole is a narrow slic¢hef
uncertainty ellipse in the target plane at a positi
where the encounter perturbs the object onto adraj
tory which impacts at a later time. Passage throug
the keyhole implies impact, and conversely, defbact
away from the keyhole implies avoidance of the im-
pact.

Since keyholes are typically narrow, it is in prin-
ciple easier to deflect the object before keyhas-p

in 2029 are extremely rare. Only about 8 percént o
the impactors had keyhole passages providing a leve
rage factor of 10 or larger within 25 years of impa
and that fraction decreased to 3 percent for Igera
factors greater than 100. The fraction for leverag
factors greater than 1000, such as Apophis in 2029,
was well below 1 percent.

The study also indicated the prevalence of the con-
verse effect produced by distant pre-impact clgse a

sage rather than after: the trajectory needs to beproaches, large regions in the target plane we have

shifted a shorter distance. Even though this compa
son is measured in different target planes at reiffe
times, the comparison is still valid, and it is geadly
preferable to deflect the asteroid before the kkeyho
passage. The keyhole provides deflection "levérage

nicknamed "jabbas". Passage through a jabba leas th
undesirable property of subverting deflection afiesn

by reducing or absorbing the effect of a prior eefl
tion, quite the opposite of the amplification praed

by a keyhole. Deflection of these impactors may be

it amplifies the along-track displacement caused by easier to accomplish after the asteroid’s pre-ihpac

the deflection.
can be roughly defined as the ratio of the chongtle
across the Earth disc in the impact target plartbdo
width of the keyhole in the pre-impact target plane

The leverage provided by a keyhole encounter, rather than before as with keyholesoufb

8 percent of the simulated impactors had jabbastwhi
reduced deflection by at least a factor of 10, sitle
fraction with jabbas which reduced deflection by a

Because the 2029 Apophis Earth encounter is sofactor of 100 was well below 1 percent.

close, the 2036 keyhole is particularly narrow, &nd
therefore provides a huge leverage factor, oved(ED,
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