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            Abstract
The Solar System's outer planets that contain hydrogen gas all host systems of multiple moons, which notably each contain a similar fraction of their respective planet's mass (âˆ¼10-4). This mass fraction is two to three orders of magnitude smaller than that of the largest satellites of the solid planets (such as the Earth's Moon), and its common value for gas planets has been puzzling. Here we model satellite growth and loss as a forming giant planet accumulates gas and rock-ice solids from solar orbit. We find that the mass fraction of its satellite system is regulated to âˆ¼10-4 by a balance of two competing processes: the supply of inflowing material to the satellites, and satellite loss through orbital decay driven by the gas. We show that the overall properties of the satellite systems of Jupiter, Saturn and Uranus arise naturally, and suggest that similar processes could limit the largest moons of extrasolar Jupiter-mass planets to Moon-to-Mars size.
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                    Figure 1: 
                        An inflow-supplied circumplanetary disk.
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Figure 2: 
                        Results of satellite accretion simulations with time-constant inflows.
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Figure 3: 
                        Properties of observed satellites compared to simulations.
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Figure 4: 
                        Results of accretion simulations with time-dependent inflows.
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The outer giant planets in the Solar System each have a following of multiple moons, and each set of moons contains a similar fraction of their respective planet's mass â€” the planets are about 100,000 times greater in mass than all their moons combined. A possible explanation for this convergence has now been found. In a numerical model of a growing giant planet accumulating hydrogen gas and rock-ice solids, the mass fraction of its satellite system is regulated to one-to-100,000 by a balance between two processes: inflow of new material to the satellites and the loss of material via gas-induced orbital decay. This has implications for extrasolar planets: the idea that Earth-sized moons around Jupiter-sized planets might be habitable needs to tempered by the news that only Mars- to Moon-sized satellites are likely to develop there.
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