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Combining models and meteoritics:
I) 2D disk models with gas, dust species, and planets

II) Lab search for CAIs in inner solar system meteorites

Results for the young Solar System:
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the fiducial model would be ⌧acc ⇡ 14, 000 orbits. In our
simulations, however, we saw that with a massive planet
being present, this process is sped up considerably.

3.2. Boundary conditions

In order to better characterize the permeability of the
planetary gap, we prescribe inflow of mass at the outer
boundary, that is, far enough away from the planet’s
position to be able to apply the equilibrium solutions
we obtained in Section 2 (see also Dürmann & Kley
2015). Furthermore, it is necessary to provide separate
boundary conditions for the gas and every individual
dust component, as especially their radial velocities can
be vastly di↵erent. Therefore, at the outer boundary,
we specify the gas velocity and density according to
Equations (11) and (12) and the velocities and densi-
ties of the dust species are given by Equations (20) and
(23), respectively. Also, the azimuthal velocities have
to be fixed then to the values given by Equation (15)
for the gas and by Equation (21) for the dust. In order
to minimize possible reflections of the planet’s wake at
the outer boundary, we moreover damp all fields con-
sistently with the procedure described in de Val-Borro
et al. (2006). We do not fix the mass outflow at the
inner radial boundary since it may di↵er from the equi-
librium solution owing to the the presence of the planet.
Instead, we only force the velocities to the unperturbed
disk solution and implement a zero-gradient boundary
for the gas- and dust densities.

4. RESULTS

The evolved structure of the gas density after the first
10,000 orbits is shown in Figure 1 for the fiducial model,
depicting the spiral wakes and the density depletion of
around two orders of magnitude around the planet’s or-
bit. In Figure 2, we depict azimuthal averages of the gas
rotation velocity in comparison to the Keplerian veloc-
ity (left axis), and the gas pressure profile (right axis).
As expected from Equation (15), the azimuthal velocity
of the gas becomes super-Keplerian at the outer edge of
the gap, where the pressure gradient is positive.
In the following paragraphs, we study the transport

of dust in the obtained environment, starting with a
simplified, one-dimensional setup that is build upon our
two-dimensional gas simulations. Afterwards, by com-
parison with two-dimensional dust simulations, we illus-
trate the incompleteness of this treatment.

4.1. One-dimensional studies

Motivated by the one-dimensional description adopted
in Rice et al. (2006), and as a first approach, we study
the filtration of dust in a simplified model that only re-

Figure 1. Normalized gas surface density for a Jupiter-
mass planet, that is, q = MP/M? = 10�3. The distribution
is shown after 10,000 orbits at the planet location.

Figure 2. Azimuthally averaged angular velocity (black
line) and pressure (solid line) of the gas after evolving the
disk for 10,000 orbits with a Jupiter-mass planet at r = 1.
The velocity is shown after subtraction of the Keplerian ve-
locity vK to highlight sub- and super-Keplerian rotation.

tains the radial variation of the steady-state disk struc-
ture. Figure 1 shows that, with the exception of the
planet’s location and the two spiral wakes, the gas den-
sity profile is mostly independent of azimuth, '. Con-
sequently, we take the azimuthal average of the angu-
lar velocity and surface density. Because of its highly
asymmetric nature, we disregard a narrow angular sec-
tor (extending ±5 cells in azimuth) around the planet’s
location when averaging. We then impose a steady ac-
cretion flow of the gas (using the expression from Equa-
tion (11) for the radial velocity), and furthermore re-
move the planet’s potential from the disk since we are
interested in exploring whether the dust filtering pro-
cess can be characterized just in terms of planet-induced
pressure perturbations.
In the next step, the dust is introduced in the outer

disk, as specified in Equation (23), and while the gas
profile stays unchanged as a static background, the dust

i) Jupiter formed early (< 1 Myr)
ii) Density @ Jupiter: 100 - 1000 g cm-2

iii) Viscosity @ Jupiter: α = 0.001 - 0.003
iv) Nice II model is incompatible with data
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