Dust trapping in protoplanetary disk vortices

Min-Kai Lin
Canadian Institute for Theoretical Astrophysics

March 19 2014



Large scale asymmetries in transition disks
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Dust trapping at pressure maxima
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Asymmetric trapping by vortices

Meheut et al. (2012): add dust to disk with vortices
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Models of elliptic vortices

Each ellipse with aspect-ratio x:

X = acos ¢,

y = axsin ¢.
Velocity field:

Ux = QVY/X’

u, = —Quxx

(Kida, 1981; Goodman et al., 1987)
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Vortice are generally unstable

(Lesur & Papaloizou, 2009)
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Vortex formation vs. destruction
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Dust trapping vs. diffusion

Particle concentration vs. turbulent diffusion (Lyra & Lin, 2013)

Ipd

ai +V - (pava) = DV?pg
t

9 D: from instability of vortex core

@ vg = vz + 72V In pg, isothermal gas

@ v, from model of an elliptic vortex (e.g. Kida vortex)

@ 7 friction time

Parameters:

§ = D/H?Q: dimensionless turbulence strength J

St = 7 dimensionless friction (Stokes number) )
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Steady state equation

Steady-state dust distribution in elliptic vortices (Lyra & Lin, 2013)

[Vz — (Ayx_1 — Bix) 0« + (Axx + Bay) 0, + B] pa = 0.

Decomposition in ¢:

(a,¢) = Re lz pm(a) exp 1m¢>)1

Coupled ODEs:

Bmpm—Q + Ampm + Cmpm+2 =0.
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A simple solution

2
pd(a) o< exp 202 )

v

with

— Hg g
H,(x.d,5t) = fooVarse

Technically: dust density averaged over an ellipse
EXACT solution for certain vortex models

(e.g. Kida vortex with x =7 — no pressure gradient along ellipses)
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Application to observations
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Xobs ~ 7, model+ data — vy, ~ 0.22¢.
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Application to observations
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Magnetized self-gravitating disks
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The end

MP1303, mklin924@cita.utoronto.ca, cita.utoronto.ca/~mklin924 J

References:
Goodman J., Narayan R., Goldreich P., 1987, MNRAS, 225, 695
Kida S., 1981, Journal of the Physical Society of Japan, 50, 3517
Lesur G., Papaloizou J. C. B., 2009, A&A, 498, 1
Lesur G., Papaloizou J. C. B., 2010, A&A, 513, A60
Lyra W., Lin M.-K., 2013, ApJ, 775, 17 )
Meheut H., Meliani Z., Varniere P., Benz W., 2012, A&A, 545, A134
Pérez L. M., Isella A., Carpenter J. M., Chandler C. J., 2014, ApJL, 783, L13

van der Marel N., van Dishoeck E. F., Bruderer S., Birnstiel T., Pinilla P.,
Dullemond C. P., van Kempen T. A., Schmalzl M., Brown J. M., Herczeg G. J.,
Matthews G. S., Geers V., 2013, Science, 340, 1199

M-K. Lin (CITA) Dust traps March 19 2014 13 /13


mailto:mklin924@cita.utoronto.ca

