Backflow in an accretion disk as a vehicle for
outward transport of heavy elements
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Analytical solutions for purely hydrodynamic viscous accretion disk in three dimensions show backflows near the disk
midplane, where the flow is directed outwards, away from the accreting star. We obtain such backflows in the simulations
of a thin accretion disk in the cases with and without magnetic field. Using the quasi-stationary solutions in our star-disk
simulations as a background, we add dust particles of different diameters in post-processing. We study the distribution of
the particles in the disk, their exposure to the heat from the central star, and their motion. Entrainment of the dust
particles by the backflow could have important implications for the composition of outer planets, as the radial outwards
transport opposes radial segregation of elements in the protoplanetary disk. =1090.1 davs
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In numerical simulations we obtain backflow in the

disk as predicted by the analytical solutions - see References:
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As a background for the post-processing we use  there is no backflow (Fig.2). e
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Particles are assumed to melt within some critical Mignone, A., Bodo, G., Massaglia, S., et al., 2007, ApJS, 170, 228
distance from the star. Mignone, A., Zanni, C., Tzeferacos, P., et al., 2012, ApJS, 198, 7
Distribution of the dust grains in a disk with backflow Romanova, M.M., Ustyugova, G.V., Koldoba, A.V., Lovelace, R.V.E.,
will be different than in the case without it. Fraction of 2002 AP 378,420
For post-processing we developed a Python code  the particles which are heated in the vicinity of the
STARDUST, in which the dust particles motion is star and later ejected away above the disk will also

computed with the flow solution for the disk and change, contributing to the change in chemical , ,
corona from the output of PLUTO simulation composition of the circumstellar material in the disk. ~ Zanni. C., Ferreira, J., 2013, A&A, 550, A99

is presented in Cemelji¢ (2019). As the initial
condition we used the KKOO disk solution, with the
viscosity and resistivity parametrized by the
Shakura-Sunyaev alpha parameter.

Romanova, M.M., Ustyugova, G.V., Koldoba, A.V., Lovelace, R.V.E.,
2004, ApJ, 610, 920

Zanni, C., Ferreira, J., 2009, A&A, 508, 1117



	Slide 1

