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Abstract

The inclusion of radiation transport in discs can
change the direction of migration for low mass planets
from inwards to outwards [1]. However, it remained
unclear to what extend this outward migration is pos-
sible. Outward migration should stop at a certain dis-
tance to the central star. This region in the disc can
therefore act as a feeding zone for planetary embryos.
The magnitude of outward migration is also dependent
on disc parameters (mass, viscosity, temperature pro-
file, entropy gradient). A change in these parameters
changes the disc structure and therefore the range of
outward migration of embedded planets.

1. Introduction
Recent studies have shown that low mass planets can
migrate outwards in fully radiative discs at a distance
of about 5 AU from the star [2]. In order to sustain
the outward migration of these planets, the disc has
to meet certain criteria (temperature profile, entropy
gradient, etc.). With increasing distance to the central
star, the disc’s temperature and density reduce. This
reduction, however, has a dramatic effect on the torque
acting on the planet (the torque determines the speed
and direction of motion for planets on circular orbits).
For larger distances to the star, the torque becomes
negative and the planet would migrate inwards again.
The planets therefore stop their outward migration at a
point in the disc, while a planet moving inwards from
further out stops its inward migration. This region in
the disc can act as a feeding zone for planetary em-
bryos.

The zero-torque radius for planets is dependent of
the disc structure. The structure of our 3D fully ra-
diative discs is determined by viscous heating and ra-
diative transport/cooling to the surface. Therefore, the
viscosity and the disc mass change the structure of the
disc. A change in these parameters influences the zero-
torque radius for low mass planets quite dramatically.

2. Simulation Setup

The protoplanetary disc is modeled as a three-
dimensional (3D), non-self-gravitating gas whose mo-
tion is described by the Navier-Stokes equations. We
treat the disc as a viscous medium, where the dissi-
pative effects can then be described via the viscous
stress-tensor approach. We also assume that the heat-
ing of the disc occurs solely through internal viscous
dissipation and ignore the influence of additional en-
ergy sources (e.g. irradiation form the central star).
This internally produced energy is then radiatively dif-
fused through the disc and eventually emitted from its
surface. For this process we use the flux-limited diffu-
sion approximation, which allows us to treat the transi-
tion from optically thick to thin regions as an approx-
imation. A more detailed description of the modeling
and the numerical methodology is provided in [2].

3. Range of outward migration

In Fig. 1 the torque acting on planets at different dis-
tances to the central star in fully radiative discs is
displayed. For all planet masses the largest posi-
tive torque (indicating outward migration) is around
r ≈ 1.0rJup. At larger distances to the central star,
the torque decreases continuously to negative torques,
and this transition from positive to negative torques oc-
curs at larger distances for smaller planet masses. For
the lowest mass planet with 20MEarth the transition
is at r ≈ 2.4rJup (zero-torque distance to the central
star). With even larger distances the torques remain
negative but with diminishing strength, indicating in-
ward migration. For larger planetary masses (25 and
30MEarth) the zero-torque distance is decreasing (1.9
and 1.4rJup). For smaller distances to the central star,
inside the maximum, the torque acting on the planet
becomes smaller again, until it reaches about zero for
rP = 0.5rJup for all planetary masses.
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Figure 1: Torque acting on planets with three differ-
ent masses embedded in fully radiative discs located
at various distances from the star. Figure from [3]

4. Influences of viscosity on plane-
tary migration

In fully radiative disc, the equilibrium state between
viscous heating and radiative cooling/transport deter-
mines the structure of the disc. A change in viscosity
therefore changes the structure of the disc (Tempera-
ture, density and aspect ratio H/r profile). In isother-
mal discs, a smaller aspect ratio resulted in a faster
inward migration [4].

Lowering the viscosity in discs, results in a smaller
aspect ratio of the disc, which influences the torque
acting on an embedded low mass planet quite dra-
matically [5]. In Fig. 2 the torque acting on planets
in fully radiative discs with different viscosity (α and
constant) is displayed. A very low viscosity results in
inward migration, while for increased viscosity, out-
ward migration can be monitored.

The constant viscosity corresponds to ν =
1015 cm2/s, a value that relates to an equivalent α =
0.004 at r0 for an isothermal disc aspect ratio of
H/r = 0.05, where ν = αH2ΩK . Even as the disc
structures are nearly identical in a no-planet scenario,
the torque of an embedded planet is not equivalent.

5. Summary and Conclusions
Planets migrate outwards to a point in the disc, where
outward migration is no longer supported. This so
called zero-torque radius is dependent on the plane-
tary mass. For more massive planets, the zero-torque
radius is located further inwards. This region in the
disc can act as a feeding zone for planetary embryos
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Figure 2: Torque acting on planets in fully radiative
discs with different viscosities. The planets are located
at rp = 1.0rJup. Figure from [5]

and is therefore important for the growth mechanism
of large planets.

A change in the viscosity of the disc, changes the
discs structure (e.g. the temperature gradient), which
influences the speed of migration of an embedded low
mass planet. A too low viscosity changes the direction
from outwards to inwards. For high enough viscosities
the planet migrates outwards. In a more massive disc,
outward migration is possible to larger distances to the
host star, as more material in the disc is able to sustain
outward migration much longer.
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