Origin of the Difference of the Jovian and Saturnian Satellite Systems
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We have investigated the origin of difference between the Jovian and Satur- nian
satellite systems by semi-analytically simulating growth and orbital migra- tion of
proto-satellites in an accreting proto-satellite disk, with the ideas of 1) different
termination timescales of gas infall onto the proto-satellite disk and 2) different
evolution of a cavity in the disk, between the Jovian and Saturnian sys- tems. The
Jovian satellite system mainly consists of four Galilean satellites those have similar
masses and are trapped in mutual mean motion resonances except Callisto. On the
other hand, the Saturnian satellite system has only one big icy body, Titan. We have
simulated accretion of satellites, their orbital migration, and resonant trapping, taking
into different decay timescales in the Jovian and Saturnian disks suggested by a gas
giant formation model. Evolution of an inner cavity in the disk is also considered,
based on observations of T Tauri stars. We show that in the case of the Jovian system,
four to five similar-mass satellites are likely to remain trapped in mean motion
resonances, the configuration of which is formed by type-l1 migration, temporal
stopping of the migration near the disk inner edge, and quick truncation of gas infall
by gap opening in the Solar nebula. The Saturnian system tends to end up with one
dominant body in the outer regions caused by the slower decay of gas infall
associated with global depletion of the Solar nebula. The compositional zoning of the
predicted Jovian and Saturnian systems are consistent with the observed satellite
systems.

10 3E : : : . . 3 10 3 - " T T T
T ..
210 ° — 210 1 y
= S° 1 ee0 C
-M;h .,‘_;: Ol
= 10%% 1 = 10%¢ 5
—fi I 1 1 1 1 1 ] —6 1 1 1 1 1
10 1] 5 10 15 20 25 30 10 0 5 10 15 20 25 30
a/R, a/R,

Figure 1. Theoretically predicted satellite systems for Saturnian system (left) and Jovian system (right).
The calculated averaged mass-semimajor axis and their standard deviations are plotted. Titan (left) and
Galilean satellites (right) are represented by open circles. The colors of each plot show the average
fraction of rocky (dark gray) and icy (light gray) components of the formed satellites.



