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Why vortices as planet nursery?

• Timescale problem for grains growth

• Vortices concentrate solids in their centre

• Fluid: in equilibrium with pressure gradient

• Solids: no pressure

• Numerical simulations show concentration of 
solids (e.g. Johansen et al. 2004)

• How to form vortices?

Barge & Sommeria, 1995
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Rossby wave instability (RWI)

• RWI requires an extremum of 

in barotropic disks

Lovelace et al., 1999 - Li et al., 2000 & 2001
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• Extremum of density:

• Borders of the dead zone 
(e.g. Lyra & Mac Low, 2012)

• Ice line (Kretke & Lin, 2007)

• Planet gap (Lin & Papaloizou, 
2011)

Do the vortices survive on long timescales in 3D?
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Simulation with MPI-AMRVAC

• MPI-AMRVAC (Keppens et al. 2012)

• Initial conditions:

•                         & bump

• barotropic disk

• gas in sub-keplerian rotation

• random radial velocity perturbations 
(10-4)

ρ ∝ r−1/2
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Modes growth

Meheut, Keppens,  
Casse & Benz, 2012
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Vortices shape

t = 48yr
t = 160yr

H. Meheut et al.: Dust-trapping Rossby vortices in protoplanetary disks

Fig. 6. Perturbed velocity streamlines of gas (left) and 5cm grains (right)
in a rotating frame.

Fig. 7. Mean midplane density (10
−10g.cm−3

) of the Ω0

Kτ
0

s = 0.5 dust

population at the end of the simulation.

Fig. 9. Gas streamline in a vertical plane situated in an anticyclonic vor-

tex. It shows the vertical displacements inside the vortices. The full 3D

streamlines are shown in Meheut et al. (2012a)

Fig. 10. Vertical profile of dust and gas densities in an anticyclonic vor-

tex on logarithmic scales.

This mechanism is accordingly more convincing since its

efficiency is the highest for the fastest drifting solids, namely

when the stopping time is of the order of unity. Future work

should study the growth of the instability in the presence of dust

to understand how the dust modifies the instability. Moreover

a simulation with multiple dust sizes in a multi-fluid simula-

tion is necessary to understand how the small dust is concen-

trated if the vortices start to be accelerated by the larger par-

ticles. Furthermore, we have considered a Gaussian pressure

bump without considering its formation process, which would

give the proper shape of the bump, and then the characteristics,

including amplitude, of the RWI. A global study, including ac-

cretion processes in the disk, is still needed to give the ampli-

tude of the bump, the consequent number of vortices and then

the amount of dust concentrated in such vortices. An important

step in this direction was taken by Lyra & Mac Low (2012).

Finally, in this paper we associated a stopping time with a

dust size and fixed density, but the opposite approach can also

be used to study the behaviour of dust grains of the same size

but different compositions.
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Outlooks

• Rossby vortices can grow and survive in protoplanetary discs

• If RWI sustained, 3D streamlines, no elliptical instability

• No migration

t = 160yr

t = 0

Concentration of solids in the 
vortices?
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How strong are the Rossby vortices?

4 H. Meheut, R. Lovelace, D. Lai
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Figure 3. Amplitude of the Rossby waves (vorticity) in a logarithmic scale as a function of time (Ω−1
0 ). A fit of the exponential growth

(solid line) gives the growth rate γ. The dashed line corresponds to the saturation amplitude estimated by the model.

mated the maximum vorticity. This is due to the shape of

the vortices. Indeed we considered circular vortices to esti-

mate the circulation time inside the vortex, but the vortices

with lower m have elongated shapes as can be seen in Fig. 4

where vortices streamlines in the (r,ϕ) plane are plotted.

This shape was to be expected as the width of the Rossby

wave propagation region is fixed by the width of the initial

density bump and the length of the vortices is directly re-

lated to the azimuthal mode numberm. Assuming a doubled

circulation time for the elongated m = 2 vortices gives the

correct saturation amplitude, as one can see in Fig. 3 for the

m2χ30 simulation.

On the other hand, the vorticity maximum is overes-

timated for the highest azimuthal mode number when the

growth rate is low. See for instance the m5χ15 simulation.

We have checked that this is not related to numerical dis-

sipation by doubling the resolution and obtaining no modi-

fication of ωmax
v . Indeed the energy loss responsible for the

low saturation amplitude may be due to the density waves

propagating outside the Lindblad resonances that were not

considered in the local mechanism proposed for growth and

saturation in section 2.2. The amplitude of the density waves

and the energy loss is the highest when the Lindblad reso-

nances are close to the corotation radius and the width of the

evanescent wave region is small. This regions correspond to

a positive effective potential Veff in Fig. 2. Since the Lind-

blad resonances are closer to corotation for higher azimuthal

mode number, the evanescent region is shorter. There is

transmission of energy through this region, energy which

is then carried away by density waves. This may explain

the lower amplitude at saturation. Moreover these density

waves are also responsible for the angular momentum trans-

fer through the disc and as a result for the evolution of the

radial structure of the disc from which the linear growth is

computed. The distance between the two propagation region

appears clearly on Fig. 5 where both the vorticity waves in

the region of corotation and the position of the Lindblad res-

onances are visible. One can also identify the spiral density

waves propagating inward and outward from the Lindblad

resonances in the m = 5 plot.
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How strong are the Rossby vortices?

• When does the linear theory break?

• Turnover timescale of the order of 
growth timescale

• Landau damping breakdown due to 
particle trapping

• Turnover timescale ~ half the vorticity
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