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Abstract. The origin of the orbital structure in the asteroid main belt has been a puzzling
problem for decades. It is well-known that an initialy ‘flat’ disc of nearly circular and
co-planar orbits cannot evolve into the currently observed distribution in ∼ 4 Gy, if the
giant planets always followed the same secular evolution; hence the asteroid belt had to
be depleted in mass and excited in inclination (up to 30◦), before the planets reached their
final configuration. Recent results suggest that this is extremely difficult to achieve during
the epoch of terrestrial planet formation (first ∼ 100 My), as it cannot be reconciled with
the small final mass of Mars, in the standard accretion model. On the other hand, results
on the final stages of planetesimal-driven migration of the giant planets (e.g. ‘Nice model’)
suggest that the structure of an already excited belt would survive, if planet migration
was very fast, likely following an effective but very brief instability episode. These results
constrain the timing of formation of the asteroid belt structure to before the final stages of
terrestrial planet formation and the instability of the giant planets, as e.g. envisioned in
the ‘Grand Tack’ scenario, which attributes the redistribution of planetesimals in the inner
solar system to an intricate (gas-driven) migration pattern of the giant planets, within the
first My of the system’s lifetime. An alternate model assumes a more main-stream gas-
driven migration pattern that places the giant planets in a multi-resonant configuration
(usually found in hydrodynamical simulations), but in which the planets actually follow
mildly chaotic orbits. This leas to consecutive crossings of secular resonances throughout
the belt that can excite the asteroids to their currently observed state, within a few My.
Here we investigate this model, in an effort to understand whether this mildly-chaotic
state of the giant planets’ orbits can be a natural outcome of the evaporation of the gas
nebula. To this end, we performed a series of simulations of the whole system (giant
planets in resonance, asteroids and planetary embryos) under the gravitational effects of
a dispersing disc, assuming different models for gas dispersal. By analyzing the dynamical
behavior of the evolving system, we define the conditions under which this scenario can
produce the observed structure of the main belt.


