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We report on the first effort to investigate the potentially critical influence of collective effects in the asteroid belt.  These involve wave dynamics in both the asteroid belt and the gas disk in which it is assumed to be embedded for a time.  We explore belt damage done at an early epoch when only the Jovian core is present.  Mean motion (Lindblad) resonances could afford an alternative means to erode that portion of the belt that lay between the 2:1 and Jupiter.  This process is analogous to that proposed by Goldreich and Tremaine (1978) for the clearing of the Cassini division at the 2:1 resonance with Mimas.  Density waves launched at various Lindblad resonances carry negative angular momentum and propagate toward Jupiter.  When they damp, their angular momentum and energy is transferred secularly to the disk, which adjusts its structure to accommodate this input.  This generally excites the disk and causes orbital decay.  If the damping length of the waves is long enough, it may span the distance between resonances.  Unlike planetary rings with optical depth of order unity, the lower optical depth of the asteroid zone, (i.e., ) renders viscous damping much less effective.  

There is a limit to the angular momentum transport rate the disk can accommodate before waves become distinctly non-linear.  Highly non-linear waves may break and dissipate near the resonance zone and fail to communicate with the entire disk.  This threshold is certainly exceeded by a Jupiter of ~ 300 Mr, but not necessarily by the forming Jovian core.  Provided the core is below this threshold, the cumulative torque on the disk from the combined resonances is of order (e.g., Goldreich and Tremaine 1980; Papaloizou and Lin 1984; Ward 1986)

where w is the distance between the edge of the asteroid zone and Jupiter.  The time to erode a gap by moving disk material out of an annulus of width w is of order , 

where P is the local orbital period.  Setting J to the probable lifetime of the gas disk (~ few H106 yrs) and w/r ~ 0.4 for the distance from Jupiter to its 2:1, we find that only a core of a few Earth masses is needed to remove enough angular momentum from the belt during the lifetime of the solar nebula. Since recent models of giant planet formation typically show a protracted interval before rapid gas accretion develops for a core of sufficient size (e.g., Pollack et al. 1996), we infer that serious modification/erosion of the belt external to the 2:1 may already have already occurred during the accretion of the Jovian core, prior to the rapid growth to its current condition as a gas giant.  This has possible implications for the provenance of planetary material and the source(s) of volatiles of the terrestrial planets. Unlike erosion models employing test particles - where most objects are quickly perturbed into Jupiter crossing orbits and removed from the belt by either being ejected from the solar system or hitting the Sun - the bulk of the original material may have been progressively shepherded into the inner region to eventually become part of the terrestrial planets.
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