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33. A Semi-Automated Computational Approach for Infrared Dark Cloud Localization: A
Catalog of Infrared Dark Clouds

Jyothish Pari' and Joseph L. Hora!

The field of computer vision has greatly matured in the past decade, and many of the methods and techniques can
be useful for astronomical applications. One example is in searching large imaging surveys for objects of interest,
especially when it is difficult to specify the characteristics of the objects being searched for. We have developed a
method using contour finding and convolution neural networks (CNNs) to search for Infrared Dark Clouds (IRDCs)
in the Spitzer Galactic plane survey data. IRDCs can vary in size, shape, orientation, and optical depth, and are
often located near regions with complex emission from molecular clouds and star formation, which can make the
IRDCs difficult to reliably identify. False positives can occur in regions where emission is absent, rather than from
a foreground IRDC. The contour finding algorithm we implemented found most closed figures in the mosaic and we

developed rules to filter out some of the false positive before allowing the CNNs to analyze them. The method was

applied to the Spitzer data in the Galactic plane surveys, and we have constructed a catalog of IRDCs which includes
additional parts of the Galactic plane that were not included in earlier surveys.
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34. Molecular clumps disguising their star formation efficiency per freefall time: What we
can do not to be fooled

Geneviéve Parmentier!

The presence of a volume density gradient in molecular clumps allow them to raise their star formation rate compared
to what they would experience were their gas uniform in density. This higher star formation rate yields in turn a
higher value for the star formation efficiency per freefall time that we measure. The measured star formation efficiency
per freefall time eg meas Of clumps is therefore plagued by a degeneracy, as two factors contribute to it: one is the
density gradient of the clump gas, the other is the intrinsic star formation efficiency per freefall time eg j, with which
the clump would form stars should there be no gas density gradient. This paper presents a method allowing one to
recover the intrinsic efficiency of a centrally-concentrated clump. It hinges on the relation between the surface densities
in stars and gas measured locally from clump center to clump edge. Knowledge of the initial density profile of the
clump gas is not required. A step-by-step description of the method is provided as a tool in hand for observers. Once
eff int Nas been estimated, it can be compared with its measured, clump-averaged, counterpart eg meas to quantify the
impact that the initial gas density profile of a clump has had on its star formation history.
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35. Do fragmentation and accretion affect the stellar Initial Mass Function?
R. Riaz', D.R.G. Schleicher', S. Vanaverbeke”, Ralf S. Klessen®+!

While the stellar Initial Mass Function (IMF) appears to be close to universal within the Milky Way galaxy, it is
strongly suspected to be different in the primordial Universe, where molecular hydrogen cooling is less efficient and
the gas temperature can be higher by a factor of 30. In between these extreme cases, the gas temperature varies
depending on the environment, metallicity and radiation background. In this paper we explore if changes of the
gas temperature affect the IMF of the stars considering fragmentation and accretion. The fragmentation behavior
depends mostly on the Jeans mass at the turning point in the equation of state where a transition occurs from an
approximately isothermal to an adiabatic regime due to dust opacities. The Jeans mass at this transition in the
equation of state is always very similar, independent of the initial temperature, and therefore the initial mass of the
fragments is very similar. Accretion on the other hand is strongly temperature dependent. We argue that the latter
becomes the dominant process for star formation efficiencies above 5-7%, increasing the average mass of the stars.
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36.Dust dynamics and vertical settling in gravitoturbulent protoplanetary discs
A. Riols', B. Roux', H. Latter?, G. Lesur'

Gravitational instability (GI) controls the dynamics of young massive protoplanetary discs. Apart from facilitating
gas accretion on to the central protostar, it must also impact on the process of planet formation: directly through
fragmentation, and indirectly through the turbulent concentration of small solids. To understand the latter process,
it is essential to determine the dust dynamics in such a turbulent flow. For that purpose, we conduct a series of
3D shearing box simulations of coupled gas and dust, including the gas’s self-gravity and scanning a range of Stokes
numbers, from 0.001 to ~0.2. First, we show that the vertical settling of dust in the midplane is significantly impeded
by gravitoturbulence, with the dust scale-height roughly 0.6 times the gas scale height for centimetre grains. This is
a result of the strong vertical diffusion issuing from (a) small-scale inertial-wave turbulence feeding off the GI spiral
waves and (b) the larger-scale vertical circulations that naturally accompany the spirals. Second, we show that at
R = 50 AU concentration events involving sub-metre particles and yielding order 1 dust to gas ratios are rare and last
for less than an orbit. Moreover, dust concentration is less efficient in 3D than in 2D simulations. We conclude that
GI is not especially prone to the turbulent accumulation of dust grains. Finally, the large dust scale-height measured
in simulations could be, in the future, compared with that of edge-on discs seen by ALMA, thus aiding detection and

characterisation of GI in real systems.
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37.Disk structure around the Class I protostar L1489 IRS revealed by ALMA: a warped
disk system

Jinshi Sai'?®, Nagayoshi Ohashi*”®, Kazuya Saigo?, Tomoaki Matsumoto®, Yusuke Aso”°, Shigehisa
Takakuwa®?, Yuri Aikawa!, Ippei Kurose!, Hsi-Wei Yen?, Kohji Tomisaka®, Kengo Tomida® and Masahiro
N. Machida'’

We have observed the Class I protostar L1489 IRS with the Atacama Millimeter /submillimeter Array (ALMA) in
Band 6. The C'®*0O J =2-1 line emission shows flattened and non-axisymmetric structures in the same direction as its
velocity gradient due to rotation. We discovered that the C'®*O emission shows dips at a radius of ~200-300 au while
the 1.3 mm continuum emission extends smoothly up to r ~ 400 au. At the radius of the C'®0O dips, the rotational
axis of the outer portion appears to be tilted by ~15° from that of the inner component. Both the inner and outer
components with respect to the C'**O dips exhibit the »—"°> Keplerian rotation profiles until  ~ 600 au. These results
not only indicate that a Keplerian disk extends up to ~600 au but also that the disk is warped. We constructed a
three dimensional warped disk model rotating at the Keplerian velocity, and demonstrated that the warped disk model
reproduces main observed features in the velocity channel maps and the PV diagrams. Such a warped disk system
can form by mass accretion from a misaligned envelope. We also discuss a possible disk evolution scenario based on

comparisons of disk radii and masses between Class I and Class II sources.
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38. Tidal and general relativistic effects in rocky planet formation at the substellar mass
limit using N-body simulations

Mariana B. Sanchez!?, Gonzalo C. de Elia'? and Juan J. Downes®

Recent observational results show that very low mass stars and brown dwarfs are able to host close-in rocky planets.
Low-mass stars are the most abundant stars in the Galaxy and the formation efficiency of their planetary systems is
relevant in the computation of a global probability of finding Earth-like planets inside habitable zones. Tidal forces
and relativistic effects are relevant in the latest dynamical evolution of planets around low-mass stars and their effect
on the planetary formation efficiency still needs to be addressed. Our goal is to evaluate the impact of tidal forces
and relativistic effects on the formation of rocky planets around a star close to the substellar mass limit, in terms
of the resulting planetary architectures and its distribution according to the corresponding evolving habitable zone.
Thus, we performed a set of N-body simulations spanning the first 100 Myr of the evolution of two systems composed
respectively by 224 embryos with a total mass 0.25 Mg and 74 embryos with a total mass 3 Mg around a central
object of 0.08 M. For these two scenarios, we compared the planetary architectures that result from simulations
that are purely gravitational with those from simulations that include the early contraction and spin-up of the central
object, the distortions and dissipation tidal terms and general relativistic effects. We found that including these effects
allows the formation and survival of a close-in population located in the habitable zone of the system. This means
that both effects are relevant during the formation of rocky planets and their early evolution around stars close to the
substellar mass limit, in particular when low-mass planetary embryos are involved.

/J\’*'“T%?'Td) CEFCRNERICK T B & —REXRAINR D22 /1N 5,
NIRETE DERZEANDENET TV =Y TOEAXREDENARE LR D,

fxl

all




39. On the structure and mass delivery towards circumplanetary discs
Matthaus Schulik!, Anders Johansen', Bertram Bitsch?, Elena Lega®, Michiel Lambrechts!

Circumplanetary discs (CPDs) form around young gas giants and are thought to be the sites of moon formation as well
as an intermediate reservoir of gas that feeds the growth of the gas giant. How the physical properties of such CPDs
are affected by the planetary mass and the overall opacity is relatively poorly understood. In order to clarify this, we
use the global radiation hydrodynamics code FARGOCA, with a grid structure that allows resolving the planetary
eravitational potential sufficiently well for a CPD to form. We then study the gas flows and density /temperature
structures that emerge as a function of planet mass, opacity and potential depth. Owur results indicate interesting
structure formation for Jupiter-mass planets at low opacities, which we subsequently analyse in detail. Using an
opacity level that is 100 times lower than that of ISM dust, our Jupiter-mass protoplanet features an envelope that
is sufficiently cold for a CPD to form, and a free-fall region separating the CPD and the circumstellar disc emerges.
Interestingly, this free-fall region appears to be a result of supersonic erosion of outer envelope material, as opposed to
the static structure formation that one would expect at low opacities. Our analysis reveals that the planetary spiral
arms seem to pose a significant pressure barrier that needs to be overcome through radiative cooling in order for gas to
free-fall onto the CPD. The circulation inside the CPD is near-keplerian and modified by the presence of CPD spiral

arms. For high opacities we recover results from the literature, finding an essentially featureless hot envelope. With
this work, we demonstrate the first simulation and analysis of a complete detachment process of a protoplanet from
its parent disc in a 3D radiation hydrodynamics setting.
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40. Effects of scattering, temperature gradients, and settling on the derived dust properties

of observed protoplanetary disks

Anibal Sierra! & Susana Lizano!

It is known that the millimeter dust thermal emission of protoplanetary disks is affected by scattering, such that
for optically thick disks the emission decreases with respect to the pure absorption case and the spectral indices can
reach values below 2. The latter can also be obtained with temperature gradients. Using simple analytical models of
radiative transfer in thin slabs, we quantify the effect of scattering, vertical temperature gradients, and dust settling
on the emission and spectral indices of geometrically thin face-on accretion disks around young stars. We find that in
vertically isothermal disks with large albedo (w, 2 0.6), the emergent intensity can increase at optical depths between
10~% and 10—!. We show that dust settling has important effects on the spectral indices in the optically thick regime,
since the disk emission mainly traces small dust grains in the upper layers of the disk. The A=870 pm emission of
these small grains can hide large grains at the disk mid plane when the dust surface density is larger than ~3.21 g
cm—2. Finally, because of the change of the shape of the spectral energy distribution, optically thick disks at 1.3 mm
and grains with sizes between 300 ym < apmax < 1 mm have a 7 mm flux ~60% higher than the extrapolation from
higher millimeter frequencies, assumed when scattering is neglected. This effect could provide an explanation to the

excess emission at A=7 mm reported in several disks.
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