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Jupiter is composed mostly of H and
He, and must have formed within the solar
nebula.  Nebular gas may have persisted in
other regions of the solar system, including
the asteroid zone, for some time after Jupiter
formed.  The combination of gas drag and
gravitational perturbations by Jupiter would
have profound consequences for a
population of asteroid-sized planetesimals. 
Outcomes of orbital evolution under the
influence of both phenomena are significantly
different from either considered separately. 
Marzari et al. (1) examined the effect of a
proto-jovian core (15 Mr) on small (10 km
diameter) planetesimals in the asteroid zone. 
As test bodies spiraled inward by drag, they
attained modest eccentricities (-0.05) in
passing through the 2:1 commensurability
resonance.  Marzari et al. suggested that
higher velocities could cause collisional
disruption and contribute to formation of the
2:1 Kirkwood gap.  We have extended this
investigation to consider a fully-formed (317
Mr) Jupiter, other resonances, and a wider
range of planetesimal sizes.

With a massive Jupiter, the strongest
stirring occurs at the 3:2 and 2:1 resonances,
near 3.97 and 3.28 AU.  However, the
mechanisms differ at these locations.  A
planetesimal startingas drag tends to damp
inclinations.  For an assumed gas density of
10-10 g cm-3, all bodies with sizes >

-20 km
behaved similarly while in resonance. 
Smaller bodies were damped too much by
drag, and attained significantly lower e's. 
Planetesimals originating at a <3.2 AU, or
those too large to be brought into the 3:2 or
2:1 resonances by gas drag, keep low

eccentricities and do not migrate
significantly.

These results have significant
implications for the early evolution of the
asteroid belt.  Resonances and gas drag
operating together can cause migration of
larger bodies, on much shorter timescales,
than gas drag alone.  A small fraction of P-
and D-type bodies are present in the inner
belt; these could have formed beyond 4 AU
and migrated by multiple resonance passage
(Fig. 3).  Their small numbers might indicate
that Jupiter's formation depleted the
primordial planetesimal population beyond
the 3:2 resonance.  However, much of the
early flux of such bodies was probably
destroyed by collisions; their low inclinations
would have produced a high probability of
impacts with non-resonant bodies.  It is often
assumed that planetesimal eccentricities
would have been damped by gas drag, so
that asteroid-sized bodies had low velocities
until the solar nebula dissipated. 
Au contraire:  resonances can drive them to
velocities -5 km s-1 relative to the gas and to
bodies in nearby non-resonant orbits. 
Collisions would yield abundant dust, which
could be melted by shock waves from
supersonic bodies; this is a possible source of
chondrules (4).
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Figure 1.   Orbital evolution of a planetesimal
encountering the 3:2 resonance.  Its semimajor axis
decreases as its eccentricity is raised by passage
through multiple resonances.  Inclination remains low
throughout this process.  Jupiter's orbit is assumed to
be circular.  Here and in the other figures, the
planetesimal diameter is 100 km and the gas density
10-10 g cm-3. 

Figure 2.  Evolution of a planetesimal encountering the
2:1 resonance.  Its eccentricity is pumped up while it is
temporarily trapped in the resonance.  Jupiter's
eccentricity is 0.048 in this case.

Figure 3.  Eccentricity vs. semimajor axis for 50
planetesimals with initial orbits chosen randomly just
outside the 3:2 resonance.  Positions of the principal
commensurability resonances are shown.  The evolution
of the planetesimals is stochastic and chaotic; those that
attain high eccentricities eventually reach orbits in the
inner asteroid region.  Total time elapsed is 6x105 y.
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