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Motivation: accretion via hydrodynamic turbulence The VSI: the mechanism and an example

The vertical shear instability (VSI) is a mechanism

The vertical shear in protoplanetary mean radial velocity Vg/cs saturated vertical velocity v, /cs
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disks can drive turbulent motion by
allowing gas to accelerate along lines
of constant angular momentum. oL A

protoplanetary disks [1], and has risen in popularity
for its potential to drive accretion in the optically
thin, rapidly-cooling outer regions of disks |[2].
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VSI stress: turbulent accretion and mixing Planet-generated features: spirals, gaps, vortices
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We compute the VSI-generated
o by comparing the time- and
space-averaged Reynolds stress then:
to classical viscous theory. [4]
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In this high-mass regime,

the planet impacts a wide

region of the disk through
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Figure 2: Turbulent stress driven by the VSI. Vertical mixing is 1700x stronger than radial accretion. Figure 3: Planet-generated features in the high-mass regime. A low-mass planet only launches weak spirals.
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Planet—VSI interaction: azimuthal features weaken VSI activity Weakened VSI activity strongly impacts its mixing capability
In the low-mass regime a planet's spiral arms can interfere with VSI stress, While the planet's spirals contribute slightly to the total vertical motion of the
weakening it slightly. In the high-mass case, the presence of more prominent non- disk, the VSI is the dominant mixing mechanism. As a result, disrupting the
axisymmetric features (vortices, stronger spirals) damps VSI activity dramatically. VSI reduces vertical mixing substantially even though the planet's spirals can
low mass (M, = 0.3 My,), h=0.1 high mass (M, = 2.4 M), h = 0.05 continue driving a Reynolds stress radially.
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Figure 4: Planets in VSl-active disks. Left: spirals by a low-mass planet slightly diminish VSI stress. Right: the massive planet
completely dominates the disk through the presence of gaps, spirals and vortices, eliminating the VSI in the outer disk. The VSI
still operates in the relatively more quiet inner disk. Snapshots are taken after 500 planetary orbits.
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