Yarkovsky-Assisted Escape of Kilometer-Sized Asteroids from the Main Belt
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 Most near-Earth asteroids (NEAs) are believed to come from the main belt. Dynamical studies have shown that R < 10 km objects escape the main belt primarily through the 3:1 mean-motion resonance with Jupiter, the nu6 secular resonance, and numerous tiny mean motion resonances produced by Mars or the combined effects of Jupiter and Saturn (e.g., Bottke et al., 2000, Science 288, 2190). These results have been checked through the use of sophisticated numerical integration codes which track test asteroids evolving under the combined perturbations of the Sun and planets for > 100 Myr. A possible problem with these simulations is that they do not consider how the test asteroids reach their starting orbits. It has been generally assumed that some asteroids are thrown directly into resonances by main belt collisions. The combined width of tiny resonances in the inner main belt, however, is small enough that collisions alone may be unable to keep them filled with debris (Farinella and Vokrouhlicky, 1999, Science 183, 1507). Dynamical models suggest a shortage of resonant material could eventually lead to a discernible depletion of NEAs. To avoid this, Farinella and Vokrouhlicky postulated that many resonances are restocked by R < 10 km asteroids drifting inward or outward via the Yarkovsky effect, a thermal drag force which causes bodies to drift in semimajor axis as a function of their size, spin, and surface properties. To investigate this scenario, we numerically integrated hundreds of test asteroids in the inner (2.1-2.48 AU) and central (2.52-2.8 AU) main belt with and without the Yarkovsky effect. The orbits of our test asteroids were chosen to be a representative sample of the observed population residing near (but not on) Mars-crossing orbits. We tested a wide range of asteroid radii (100 m, 200 m, 500 m, 1000 m, 5000 m) and a control case without the Yarkovsky effect. All of our test asteroids were tracked for at least 100 Myr using a SWIFT-RMVS3 code modified to accommodate Yarkovsky thermal forces. Objects in the inner and central main belt were given S-type and C-type albedos, respectively. Thermal conductivities were chosen to be consistent with values expected from regolith-covered asteroids. Random spin axis orientations and size-dependant spin rates were also used. Our results show that Yarkovsky-driven objects with R > 1 km reach Mars-crossing orbits at the same rate as our control case, despite the fact the dynamical evolution of individual bodies in each set can be quitedifferent. Yarkovsky-drive objects have their evolution dominated by resonant interactions (trapping/ jumping events). Smaller objects, on the other hand, reach Mars-crossing orbits much faster than the control case, with many objects jumping across smaller resonances to reach the 3:1 or nu6. We conclude that previous numerical studies of main belt escape yield statistically reasonable results, provided they are applied to R >1 km bodies and/or powerful like the 3:1 or nu6 resonances.

