Forming satellites early on: accretion onto circumplanetary disks
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Circumplanetary disks (CPDs), of which the disk in the PDS 70 system is the first
directly observed example, play a crucial role in the accretion of material onto
planets, as well as in the formation of their satellite systems. By studying the
properties of CPDs, we can gain insight into the role they play in shaping the Solar
System and other planetary systems. In our work, we developed high-resolution 3D
hydrodynamical simulations with Athena++ to study angular momentum accretion
onto CPDs. Angular momentum accretion onto CPDs determines the overall long-
term disk evolution, and helps us understand the accretion of dust that creates
planetary satellites.
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, y [ global 3D lllustration of the meridional flow around a circiplanetary disk. Here, the planet has
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outflows radially. The material is raining down on top of the planet at free fall, and
due to conservation of angular momentum, it spins up creating a CPD which then
viscously decretes down to the protoplanetary disk.
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normalization units and regions of all three refinement levels Preliminary Athena++..simulations of a
corresponding values (single) giant planet interacting with a i
Refinement #1 97/20 — 117/20 6 protoplanetary disk, shown at an early
Quantity Unit 0.8 — 1.2 T time when co-orbital gas is still present. g
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Prior hydrodynamic studies have shown that the gas flow onto the CPD is three-
dimensional, with vertical gas inflow into the CPD, while outflow can be primarily| a) azimuthally-averaged radial velocity; b) azimuthally-averaged density; c) normalized

equatorial along the midplane of the disk. It is challenging to produce high- angular momentum flowing onto the Hill sphere of the planet. The coordinates of the
resolution global disk simulations to resolve the CPD properly. In this work, we are first two plots are cylindrical, planetocentric, so that the planet is in the left-bottom
using nested mesh simulations with an isentropic equation of state to study corner of each figure.

. The use of static mesh refinement (SMR) allows us to substantially| References:
increase the resolution around the location of the planet while keeping the| Batygin, K., Morbidelli, A. 2020, ApJ, 894, 2, doi: 10.3847/1538-4357/ab8937

resolution in the rest of the protoplanetary disk relatively low.




