
Gas Accretion Flow onto Circum-Planetary DisksTakayuki Tanigawa1,2, Keiji Ohtsuki2,3,4,
and Masahiro Machida5, 1Institute of Low Temperature Science, Hokkaido University, Kita-19, Nishi-8, Kita-ku, Sap-
poro 060-0819, Japan (tanigawa@pop.lowtem.hokudai.ac.jp),2Center for Planetary Science,3Department of Earth
and Planetary Sciences, Kobe University,4LASP, University of Colorado, and5National Astronomical Observatory of
Japan

Introduction

Satellite systems around gas giant planets are thought to
be formed in circum-planetary disks, which are believed
to exist at the gas capturing growing phase of the giant
planets[1, 2, 3]. The disk structure is thus crucially im-
portant for the formation process of the satellite systems.

There are several studies that show gas accretion
flow onto circum-planetary disks by using hydrodynamic
simulations[4, 5, 6]. However, results of the previous
studies were not adequately analyzed and did not give us
detailed information necessary for the study of the for-
mation process of satellite systems[7].

In order to understand the formation process of satel-
lite systems, we carry out high-resolution hydrodynamic
simulations of circum-planetary disks around proto gi-
ant planets embedded in proto-planetary disks and an-
alyze the accretion flow structure and circum-planetary
disk structure in detail.

Methods

We consider a situation in which a protoplanet embed-
ded in a protoplanetary disk has induced the nucleated
instability and the gas of the disk accretes dynamically
onto the planet. We take local Cartesian coordinates ro-
tating with the planet,x-axis corresponding to the radial
direction,y-axis the direction of the orbital motion of the
planet, andz-axis the normal direction to the disk mid-
plane. The planet is located at the origin. We adopt Hill’s
approximation, in which tidal potential is linearized. The
orbit of the planet is assumed to be fixed circular and
co-planar with the disk midplane. We use inviscid and
isothermal gas. Magnetic field and self gravity of the gas
is neglected. Basic equations of the system are accord-
ingly given and basically the same as Machida et al. [5].
We normalize time by inverse of local Keplerian angular
velocity around the central star, length by scale height
of the protoplanetary diskh, and mass by unperturbed
surface density of the protoplanetary disk gas timesh2.

We employ a three-dimensional nested-grid hydrody-
namic simulation code [e.g., 8]. Size of the whole com-
putational domain(L̃x, L̃y, L̃z) is (24,24,6) and the cov-
ered region is̃x = [−12, 12], ỹ = [−12, 12], and z̃ =
[0, 6], where there is a symmetry aboutz̃ = 0 plane. We
set 11 levels for the nested-grid system and the number
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Figure 1: Azimuthally averaged circum-planetary disk
structure. Logarithm of gas density is drawn in color,
z component of specific angular momentum in contour
lines, and velocity vector inr–z component by arrows.

of grids for each level has(nx, ny, nz) = (64, 64, 16).
The size of the finest grid created around the planet is
thus L̃x/64/211−1 = 0.000366, which corresponds to
about 1/4 of the present Jovian radius at 5.2 AU. We ex-
amine the case where planet’s Hill radius equals to the
scale height of protoplanetary disk.

Results

We investigated gas accretion flow toward the proto-
planet, and found that the gas jumped into the inner re-
gion (̃r . 0.1) of the disk surface nearly from the vertical
direction, not through the inside of the circum-planetary
disk.

Figure 1 shows azimuthally averaged circum-
planetary disk structure. We can first recognize that the
gas clearly forms a disk like structure, i.e., the density
distribution is concentrated near the midplane, almost
Keplerian rotation is realized in the high density region
(judging from the contour lines of specific angular mo-
mentum), and the flow velocity is very low in ther–z
direction.
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Figure 2: Mass accretion rate onto the surface of a
circum-planetary disk with a given radius̃r. Solid line
shows the distribution of the accreting mass, and dashed
line shows the distribution modified by taking account of
the re-distribution of the gas after accretion due to angu-
lar momentum conservation.

Above the disk surface, large downward velocity,
which is almost free fall velocity, is observed; this shows
that gas is indeed accreted directly onto the disk surface,
not through the circum-planetary disk. By analysing
streamlines, we confirmed that these gas elements are
actually originated from off-midplane gas (mostly from
z̃ > 0.5) in the protoplanetary disk. Also, the contour
lines align with the velocity vectors, which means that
specific angular momentum does not change very much
before the gas elements hit the disk surface in this in-
ner region, where three-body effect is weak enough to be
neglected.

Figure 2 shows the distribution of the gas directly ac-
creted onto the circum-planetary disk. The solid line,
M̃s(r̃), is mass accretion rate onto a circum-planetary
disk with radiusr̃. This shows that a large fraction of
gas is supplied to the outer region (r̃ ∼ 0.1) and that gas
accretion rate onto the disk surface is nearly independent
of the distance from the planet. However, if angular mo-
mentum of the falling gas is considered in calculating the
final position of the gas elements, the distribution should
be changed tõMKep(r̃), which is approximately propor-
tional to r̃, meaning that the gas accretion in the outer
region is still dominant.
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