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1. Abstract

The Solar System’s orbital structure is thought to have been sculpted by an episode of dynamical instability among the giant planets[1-2]. However, the instability trigger and
timing have not been clearly established. Hydrodynamical modeling has shown that while the Sun’s gaseous protoplanetary disk was present the giant planets migrated into a
compact orbital configuration in a chain of resonances|[3]. Here we use dynamical simulations to show that the giant planets’ instability was likely triggered by the dispersal of the
gaseous disk. As the disk evaporated from the inside-out, its inner edge swept successively across and dynamically perturbed each planet’s orbit in turn. The associated orbital
shift caused a dynamical com- pression of the exterior part of the system, ultimately triggering instability. The final orbits of our simulated systems match those of the Solar
System for a viable range of astrophysical parameters. The giant planet instability therefore took place as the gaseous disk dissipated, constrained by astronomical observations
to be a few to ten million years after the birth of the Solar System[4]. Terrestrial planet formation would not complete until after such an early giant planet instability; the growing

@restrial planets may even have been sculpted by its perturbations, explaining the small mass of Mars relative to Earth[5]. /
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simulation at t=10 Myr. The color indicates the timing of the instability after the start of gas disk
dispersal; pink systems did not undergo an instability (no collision and/or ejection). Diamonds,
circles, and triangles correspond to systems with five, four, and three or fewer surviving
planets, respectively. The arrow gives the initial radial mass concentration of the system. The
Solar System is marked as a red star for comparison. The instability rate gets enhances and
the surviving systems better matches the Solar System when rebound is included.

1.Tsiganis et al., Nature 435, 459-461 (2005)

2.Nesvorny, ARAA 56, 137-174 (2018)

3. Morbidelli et al., A&A 134, 1790-1798 (2007)

4.Williams et al., ARAA 49, 67-117 (2011)

5.Clement et al., Icarus 311, 340-356 (2018)

6. Liu et al., A&A 601, A15 (2017)

@n above for presentations 7. Alexander et al., Protostars and Planets VI, 475 (2014)/



mailto:bbliu@zju.edu.cn

	Slide 1

