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54 Dust masses of young disks: constraining the initial solid reservoir for planet formation
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In recent years evidence has been building that planet formation starts early, in the first ~ 0.5 Myr. Studying the
dust masses available in young disks enables understanding the origin of planetary systems since mature disks are
lacking the solid material necessary to reproduce the observed exoplanetary systems, especially the massive ones. We
aim to determine if disks in the embedded stage of star formation contain enough dust to explain the solid content of
the most massive exoplanets. We use Atacama Large Millimeter /submillimeter Array (ALMA) Band 6 observations
of embedded disks in the Perseus star-forming region together with Very Large Array (VLA) Ka-band (9 mm) data
to provide a robust estimate of dust disk masses from the flux densities. Using the DIANA opacity model including
large grains, with a dust opacity value of k9 mm = 0.28 cm? g~ !, the median dust masses of the embedded disks in
Perseus are 158 Mg, for Class 0 and 52 Mg for Class I from the VLA fluxes. The lower limits on the median masses
from ALMA fluxes are 47 Mg and 12 Mg for Class 0 and Class I, respectively, obtained using the maximum dust
opacity value £1.3mm = 2.3 cm® g~!. The dust masses of young Class 0 and I disks are larger by at least a factor of
10 and 3, respectively, compared with dust masses inferred for Class II disks in Lupus and other regions. The dust
masses of Class 0 and I disks in Perseus derived from the VLA data are high enough to produce the observed exoplanet
systems with efficiencies acceptable by planet formation models: the solid content in observed giant exoplanets can
be explained if planet formation starts in Class 0 phase with an efficiency of ~ 15%. Higher efficiency of ~ 30% is
necessary if the planet formation is set to start in Class I disks.

Accepted by Astronomy & Astrophysics

https://arxiv.org/pdf/2006.02812v1 .pdf
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Promoted Mass Growth of Multiple, Distant Giant Planets through Pebble Accretion
and Planet-Planet Collision
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We propose a pebble-driven planet formation scenario to form giant planets with high multiplicity and large orbital
distances in the early gas disk phase. We perform N-body simulations to investigate the growth and migration of
low-mass protoplanets in the disk with inner viscously heated and outer stellar irradiated regions. The key feature
of this model is that the giant planet cores grow rapidly by a combination of pebble accretion and planet-planet
collisions. This consequently speeds up their gas accretion. Because of efficient growth, the planet transitions from
rapid type I migration to slow type II migration early, reducing the inward migration substantially. Multiple giant
planets can sequentially form in this way with increasing semimajor axes. Both mass growth and orbital retention
are more pronounced when a large number of protoplanets are taken into account compared to the case of single
planet growth. Eventually, a few numbers of giant planets form with orbital distances of a few to a few tens of AUs
within 1.5-3 Myr after the birth of the protoplanets. The resulting simulated planet populations could be linked to
the substructures exhibited in disk observations as well as large orbital distance exoplanets observed in radial velocity
and microlensing surveys.

Accepted by MNRAS
http://arxiv.org/pdf/2006.06451
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50 Circumbinary Disks of the Protostellar Binary Systems in the L1551 Region
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We report ALMA Cycle 4 observations of the Class I binary protostellar system L1551 IRS 5 in the 0.9-mm continuum
emission, C'*0 (J=3-2), OCS (J=28-27), and four other Band 7 lines. At ~0”07 (= 10 au) resolution in the 0.9 mm
emission, two circumstellar disks (CSDs) associated with the binary protostars are separated from the circumbinary
disk (CBD). The CBD is resolved into two spiral arms, one connecting to the CSD around the northern binary source,
Source N, and the other to Source S. As compared to the CBD in the neighboring protobinary system L1551 NE, the
CBD in L1551 IRS 5 is more compact (r ~150 au) and the m=1 mode of the spirals found in L1551 NE is less obvious
in L1551 IRS 5. Furthermore, the dust and molecular-line brightness temperatures of CSDs and CBD reach >260 K
and >100 K, respectively, in L1551 IRS 5, much hotter than those in L1551 NE. The gas motions in the spiral arms are
characterized by rotation and expansion. Furthermore, the transitions from the CBD to the CSD rotations at around
the L2 and L3 Lagrangian points and gas motions around the L1 point are identified. Our numerical simulations
reproduce the observed two spiral arms and expanding gas motion as a result of gravitational torques from the binary,
transitions from the CBD to the CSD rotations, and the gas motion around the L1 point. The higher temperature in
L1551 IRS 5 likely reflects the inferred FU-Ori event.

Accepted by AplJ
http://arxiv.org/pdf/2006.05723



51 An infrared study of the high-mass, multi-stage star-forming region IRAS 12272-6240
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IRAS 12272-6240 is a complex star forming region with a compact massive dense clump and several associated masers,
located at a well-determined distance of d = 9.3 kpc from the Sun. For this study, we obtained sub-arcsec broad-
and narrow-band near-IR imaging and low-resolution spectroscopy with the Baade/Magellan telescope and its camera
PANIC. Mosaics of size 2 x 2 square arcmin in the JH K bands and with narrow-band filters centred in the 2.12 ym
H, and 2.17 pum Br~ lines were analysed in combination with HI-GAL/Herschel and archive IRAC/Spitzer and WISE
observations. We found that the compact dense clump houses two Class I YSOs that probably form a 21 kAU-wide
binary system. Its combined 1 to 1200 gm SED is consistent with an O9V central star with a 1072M, disc and a
1.3 x 10* M, dust envelope. Its total luminosity is 8.5 x 10L. A series of shocked H, emission knots are found in
its close vicinity, confirming the presence of outflows. IRAS 12272-6240 is at the centre of an embedded cluster with
a mean age of 1 Myr and 2.6 pc in size that contains more than 150 stars. At its nucleus, we found a more compact
and considerably younger sub-cluster containing the YSOs. We also identified and classified the O-type central stars
of two dusty radio/IR HII regions flanking the protostars. Our results confirm that these elements form a single giant
young complex where massive star formation processes started some 1 million years ago and is still active.

Accepted by MNRAS

http://arxiv.org/pdf/2006.14692



> 2 FRagmentation and Evolution of dense cores Judged by ALMA (FREJA). I (Overview).
Inner ~1,000 au structures of prestellar/protostellar cores in Taurus
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We have performed survey-type observations in 1 mm continuum and molecular lines toward dense cores (32 prestellar
+ 7 protostellar) with an average density of >10° cm ™2 in the Taurus molecular clouds using the ALMA-ACA (Atacama
Compact Array) stand-alone mode with an angular resolution of 6.”5 (~900au). The primary purpose of this study
is to investigate the innermost part of dense cores toward understanding the initial condition of star formation.

In the protostellar cores, contributions from protostellar disks dominate the observed continuum flux with a range of
35-90% except for the very low-luminosity object. For the prestellar cores, we have successfully confirmed continuum
emission from dense gas with a density of >3 x 10° cm™ toward approximately one-third of the targets. Thanks
to the lower spatial frequency coverage with the ACA-7m array, the detection rate is significantly higher than that
of the previous surveys, which have 0 or 1 continuum detected sources among large number of starless samples
using the ALMA Main array. The statistical counting method tells us that the lifetime of the prestellar cores until
protostar formation therein approaches the free-fall time as the density increases. Among the prestellar cores, at
least two targets have possible internal substructures, which are detected in continuum emission with the size scale
of ~1000 au if we consider the molecular line (C*®*O and NoD™) distributions. These results suggest that small scale
fragmentation/coalescence processes within a <0.1 pc scale region occur to determine the final core mass leading to
protostars before the dynamical collapse whose central density range is ~(0.3-1) x 10% cm 3.

Accepted by AplJ https://arxiv.org/pdf/2006.06361



53 Early evolution of disk, outflow, and magnetic field of young stellar objects: Impact of
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The formation and early evolution of low mass young stellar objects (YSOs) are investigated using three-dimensional
non-ideal magneto-hydrodynamics simulations. We investigate the evolution of YSOs up to ~10* yr after protostar
formation, at which protostellar mass reaches ~0.1 M. We particularly focus on the impact of the dust model on
the evolution. We found that a circumstellar disk is formed in all simulations regardless of the dust model. Disk size
is approximately 10 AU at the protostar formation epoch, and it increases to several tens of AU at ~10* yr after
protostar formation. Disk mass is comparable to central protostellar mass and gravitational instability develops. In
the simulations with small dust size, the warp of the pseudodisk develops ~10* yr after protostar formation. The warp
strengthens magnetic braking in the disk and decreases disk size. Ion-neutral drift can occur in the infalling envelope
under the conditions that the typical dust size is a 2 0.2 pm and the protostar (plus disk) mass is M 2 0.1 M. The
outflow activity is anti-correlated to the dust size and the strong outflow appears with small dust grains.

Accepted by ApJ
http://arxiv.org/pdf/2006.16458
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The early evolution of protostellar disks with metallicities in the Z = 1.0-0.01 Z; range was studied with a partic-
ular emphasis on the strength of gravitational instability and the nature of protostellar accretion in low-metallicity
systems. Numerical hydrodynamics simulations in the thin-disk limit were employed that feature separate gas and
dust temperatures, and disk mass-loading from the infalling parental cloud cores. Models with cloud cores of similar
initial mass and rotation pattern, but distinct metallicity were considered to distinguish the effect of metallicity from
that of initial conditions. The early stages of disk evolution in low-metallicity models are characterized by vigorous
gravitational instability and fragmentation. Disk instability is sustained by continual mass-loading from the collapsing
core. The time period that is covered by this unstable stage is much shorter in the Z = 0.01 Z; models as compared
to their higher metallicity counterparts thanks to the higher mass infall rates caused by higher gas temperatures (that
decouple from lower dust temperatures) in the inner parts of collapsing cores. Protostellar accretion rates are highly
variable in the low-metallicity models reflecting a highly dynamical nature of the corresponding protostellar disks. The
low-metallicity systems feature short, but energetic episodes of mass accretion caused by infall of inward-migrating
gaseous clumps that form via gravitational fragmentation of protostellar disks. These bursts seem to be more numer-
ous and last longer in the Z = 0.1 Z; models in comparison to the Z = 0.01 Z case. Variable protostellar accretion
with episodic bursts is not a particular feature of solar metallicity disks. It is also inherent to gravitationally unstable
disks with metallicities up to 100 times lower than solar.

Accepted by A&A
http://arxiv.org/pdf/2006.16598



