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Dust clearing by radial drift in evolving protoplanetary disks

Johan Appelgren', Michiel Lambrechts', and Anders Johansen'

! Lund Observatory, Department of Astronomy and Theoretical Physics, Lund University, Box 43, 22100 Lund, Sweden
E-mail contact: johan at astro.lu.se

Recent surveys have revealed that protoplanetary disks typically have dust masses that appear to be insufficient to
account for the high occurrence rate of exoplanet systems. We demonstrate that this observed dust depletion is
consistent with the radial drift of pebbles. Using a Monte Carlo method we simulate the evolution of a cluster of
protoplanetary disks, using a 1D numerical method to viscously evolve each gas disk together with the radial drift of
dust particles that have grown to 100 pum in size. For a 2 Myr old cluster of stars, we find a slightly sub-linear scaling
between the gas disk mass and the gas accretion rate (Mg MO9). However, for the dust mass we find that evolved
dust disks have a much weaker scaling with the gas accretion rate, with the precise scaling depending on the age at
which the cluster is sampled and the intrinsic age spread of the disks in the cluster. Ultimately, we find that the dust
mass present in protoplanetary disk is on the order of 10-100 Earth masses in 1-3 Myr old star-forming regions, a
factor of 10 to 100 depleted from the original dust budget. As the dust drains from the outer disk, pebbles pile up in
the inner disk and locally increase the dust-to-gas ratio by a factor of up to 4 above the initial value. In these high
dust-to-gas ratio regions we find conditions that are favourable for planetesimal formation via the streaming instability
and subsequent growth by pebble accretion. We also find the following scaling relations with stellar mass within a
1-2 Myr old cluster: a slightly super-linear scaling between the gas accretion rate and stellar mass (M x M%), a
slightly super-linear scaling between the gas disk mass and the stellar mass (Mg M*1’4) and a super-linear relation
between the dust disk mass and stellar mass (Mg oc M, 14 41).

Accepted by A&A
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P Radiative Transfer modeling of EC 53: An Episodically Accreting Class I Young Stellar Object
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3 The nature of the methanol maser ring G23.657—00.127. II. Expansion of the maser
structure

Anna Bartkiewicz!, Alberto Sanna?3, Marian Szymczak', Luca Moscadelli*, Huib Jan van Langevelde® ¢
and Pawel Wolak!

! Institute of Astronomy, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University, Grudziadzka
5, 87-100 Torun, Poland; 2 INAF, Istituto di Radioastronomia & Italian ALMA Regional Centre, Via P. Gobetti 101,
40129, Bologna, Italy; > Max-Planck-Institut fiir Radioastronomie, Auf dem Hiigel 69, 53121, Bonn, Germany; 4 INAF,
Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, 50125, Firenze, Italy; 5 Joint Institute for VLBI ERIC (JIVE),
Oude Hoogeveensedijk 4, 7991 PD Dwingeloo, The Netherlands; ¢ Sterrewacht Leiden, Leiden University, Postbus
9513, 2300 RA Leiden, The Netherlands

E-mail contact: annan at astro.umk.pl

Ring-like distributions of the 6.7 GHz methanol maser spots at milliarcsecond scales represent a family of molec-
ular structures of unknown origin associated with high-mass young stellar objects (HMYSOs). We aim to study
G23.657—00.127, which has a nearly circular ring of the 6.7 GHz methanol masers, and is the most suitable target to
test hypotheses on the origin of the maser rings. The European Very Long Baseline Interferometry Network (EVN)
was used at_three epochs spanning 10.3 yr to derive the spatio-kinematical structure of the 6.7 GHz methanol maser
emission in the target. The maser cloudlets, lying in a nearly symmetric ring, expand mainly in the radial direction
with_a_mean velocity of 3.2 km s—1. There is an indication that the radial component of the velocity increases with
cloudlet’s distance from the ring centre. The tangential component does not show any clear evidence for rotation of the
cloudlets or any relationship with distance from the ring centre. The blue-shifted masers may hint at an anticlockwise
rotation of cloudlets in the southern part of the ring. The nearly circular structure of the ring clearly persisted for
more than 10 yr. Interferometric data demonstrated that_about one quarter of cloudlets show significant variability
in their brightness, although the overall spectrum was non-variable in single-dish studies. Taking into account the
three-dimensional motion of the maser cloudlets and their spatial distribution along a small ring, we speculate about
two possible scenarios where the methanol masers trace either a spherical outflow arising from an (almost) edge-on
disc, or a wide angle wind at the base of a protostellar jet. The latter is associated with near- and mid-infrared
emission detected towards the ring. High angular resolution images of complementary (thermal) tracers are needed to
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4 Dynamical cloud formation traced by atomic and molecular gas

H. Beuther!, Y. Wangl, J. Soler!, H. Linz!, J. Henshaw!, E. Vazquez -Semadeni?, G. GomezZ, S. Ragan3, Th. Henningl,
S.C.O. Glover®, M -Y. Lee’. and R. Gusten
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consistent with a self-similar, gravitationally driven collapse of the cloud, external
compression by, e.g., spiral arm shocks or supernovae explosions cannot be excluded yet.



5 Birth of convective low-mass to high-mass second Larson cores

Asmita Bhandare!, Rolf Kuiper?!, Thomas Henning!, Christian Fendt!, Mario Flock!, and Gabriel-
Dominique Marleau?3!

1 Max-Planck-Institut fiir Astronomie, Konigstuhl 17, D-69117 Heidelberg, Germany; 2 Institut fiir Astronomie und
Astrophysik, Universitit Tiibingen, Auf der Morgenstelle 10, D-72076 Tiibingen, Germany; ® Physikalisches Institut,
Universitat Bern, Gesellschaftsstr. 6, CH-3012 Bern, Switzerland

E-mail contact: bhandare at mpia.de

Stars form as an end product of the gravitational collapse of cold, dense gas in magnetized molecular clouds. This
multi-scale scenario occurs via the formation of two quasi-hydrostatic cores and involves complex physical processes,
which require a robust, self-consistent numerical treatment. The aim of this study is to understand the formation
and evolution of the second Larson core and the dependence of its properties on the initial cloud core mass. We
used the PLUTO code to perform high resolution, 1D and 2D RHD collapse simulations. We include self-gravity
and use a grey FLD approximation for the radiative transfer. Additionally, we use for the gas EOS density- and
temperature-dependent thermodynamic quantities to account for the effects such as dissociation, ionisation, and
molecular vibrations and rotations. Properties of the second core are investigated using 1D studies spanning a wide
range of initial cloud core masses from 0.5 to 100 M. Furthermore, we expand to 2D collapse simulations for a few
cases of 1, 5, 10, and 20 M. We follow the evolution of the second core for > 100 years after its formation, for each
of these non-rotating cases. Our results indicate a dependence of several second core properties on the initial cloud
core mass. For the first time, due to an unprecedented resolution, our 2D non—rotating collapse studies indicate that

convection is generated in the outer layers of the second core, which is formed due to the gravitational collapse of a
1 Mg cloud core. Additionally, we find large-scale oscillations of the second accretion shock front triggered by the
standing accretion shock instability, which has not been seen before in early evolutionary stages of stars. We predict
that the physics within the second core would not be significantly influenced by the effects of magnetic fields or an
initial cloud rotation.
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6 GW Ori: Interactions Between a Triple-star System and its Circumtriple Disk in Action
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/ Kinematics of T Tauri Stars Close to the Sun from the Gaia DR2 Catalogue
V.V. Bobylev!
1 Pulkovo Astronomical Observatory, Russian Academy of Sciences, Pulkovskoe sh. 65, St. Petersburg, 196140 Russia
E-mail contact: vbobylev at gaoran.ru

The spatial and kinematic properties of a large sample of young T Tauri stars from the solar neighborhood 500 pc
in radius have been studied. The following parameters of the position ellipsoid have been determined from the most
probable members of the Gould Belt: its sizes are 350 x 270 x 87 pc and it is oriented at an angle of 14°+1° to the
Galactic plane with a longitude of the ascending node of 297°4+1°. An analysis of the motions of stars from this sample
has shown that the residual velocity ellipsoid with principal semiaxes 07 2 3 = (8.87,5.58,3.03)%(0.10,0.20,0.04) km s !
is oriented at an angle of 22°4+1° to the Galactic plane with a longitude of the ascending node of 298°4-2°. It has been
established that much of the expansion effect (kinematic K effect) typical for Gould Belt stars, 5-6 kms~! kpc™!, can
be explained by the influence of a Galactic spiral density wave with a radial perturbation amplitude fg ~ 5 kms™1!.

Accepted by Astronomy Letters
http://arxiv.org/pdf/2004.07291
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