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The Mass-Size Relation and the Constancy of GMC Surface Densities in the Milky Way
Charles J. Lada' and T.M. Dame!

We use two existing molecular cloud catalogs derived from the same CO survey and two catalogs derived from local
dust extinction surveys to investigate the nature of the GMC mass-size relation in the Galaxy. We find that the four
surveys are well described by Mgy ~ R? implying a constant mean surface density, Ygac, for the cataloged clouds.

However, the scaling coefficients and scatter differ significantly between the CO and extinction derived relations. We
find that the additional scatter seen in the CO relations is due to a systematic variation in gy ¢ with Galactic radius
that is unobservable in the local extinction data. We decompose this radial variation of X gy Iinto two components,
a linear negative gradient with Galactic radius and a broad peak coincident with the molecular ring and superposed
on the linear gradient. We show that the former mayv be due to a radial dependence of X, on metallicity while the
latter likely results from a combination of increased surface densities of individual GMCs and a systematic upward
bias in the measurements of X garc due to cloud blending in the molecular ring. We attribute the difference in scaling
coefficients between the CO and extinction data to an underestimate of X~-n. We recalibrate the CO observations

of nearby GMCs using extinction measurements to find that locally Xco = 3.6+0.3 x 10%° cm—2 gK-kmfs!_l. We

conclude that outside the molecular ring the GMC population of the Galaxy can be described to relatively good

precision by a constant Xgarc of 35 Mg pc—2.

Accepted by Astrophysical Journal
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30.

The Future of IMF studies with the ELT and MICADO: The local Universe as a resolved
IMF laboratory

Kieran Leschinski! and Joao Alves!

In this work, we aim to estimate the lowest stellar mass that MICADO at the ELT will be able to reliably detect
given a stellar density and distance. We also show that instrumental effects that will play a critical role, and report
the number of young clusters that will be accessible for IMF studies in the local Universe with the ELT. We used
SImCADO, the instrument simulator package for the MICADO camera, to generate observations of 56 dense stellar
regions with densities similar to the cores of young stellar clusters. We placed the cluster fields at distances between
8 kpe and 5 Mpc from the Earth, implying core densities from 10? to 10° stars arcsec™ 2, and determined the lowest
reliably observable mass for each stellar field through point-spread function (PSF) fitting photometry. Our results

show that stellar densities of < 10° stars arcsec2 will be easily resolvable by MICADO. The lowest reliably observable
mass in the Large Magellanic Cloud will be around 0.1 M, for clusters with densities < 102 stars arcsec—2. MICADO

will be able to access the stellar content of the cores of all dense young stellar clusters in the Magellanic Clouds,

allowing the peak and shape of the IMF to be studied in great detail outside the Milky Way. At a distance of 2 Mpc,
all stars with M > 2 M, will be resolved in fields of < 10? stars arcsec™2, allowing the high-mass end of the IMF to
be studied in all galaxies out to and including NGC300. We show that MICADO on the ELT will be able to probe

the IMF of star clusters that are ten times denser than what the James Webb Space Telescope will be able to access
and over one hundred times denser than the clusters that the Hubble Space Telescope can successfully resolve. While
the sensitivity of MICADO will not allow us to study the brown dwarf regime outside the Milky Way, it will enable
access to all stellar members of over 1000 young clusters in the Milky Way and the Magellanic Clouds. Furthermore,

direct measurements of the Salpeter slope of the IMF will be possible in over 1500 young clusters out to a distance
of 5 Mpc. MICADO on the ELT will be able to measure resolved IMFs for a large ensemble of young clusters under
starkly different environments and test the universality of the IMF in the local Universe.
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31.

The origin of a distributed stellar population in the star-forming region W4

Beomdu Lim', Jongsuk Hong?, Hyeong-Sik Yun'!, Narae Hwang®, Jinyoung S. Kim?* et al.

Stellar kinematics provides the key to understanding the formation process and dynamical evolution of stellar systems.
Here, we present a kinematic study of the massive star-forming region W4 in the Cassiopeia OB6 association using
the Gaia Data Release 2 and high-resolution optical spectra. This star-forming region is composed of a core cluster
(IC 1805) and a stellar population distributed over 20 pc, which is a typical structural feature found in many OB
associations. According to a classical model, this structural feature can be understood in the context of the dynamical
evolution of a star cluster. The core-extended structure exhibits internally different kinematic properties. Stars in
the core have an almost isotropic motion, and they appear to reach virial equilibrium given their velocity dispersion
(0.940.3 kms~!) comparable to that in a virial state (~0.8 kms~—!). On the other hand, the distributed population
shows a clear pattern of radial expansion. From the N-body simulation for the dynamical evolution of a model cluster
in subvirial state, we reproduce the observed structure and kinematics of stars. This model cluster experiences collapse
for the first 2 Myr. Some members begin to radially escape from the cluster after the initial collapse, eventually forming
a distributed population. The internal structure and kinematics of the model cluster appear similar to those of W4.
Our results support the idea that the stellar population distributed over 20 pc in W4 originate from the dynamical

evolution of IC 1805.
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30 An unbiased ALMA spectral survey of the LkCa 15 and MWC 480 protoplanetary disks
Ryan A. Loomis!, Karin I. Oberg?, Sean M. Andrews?, Edwin Bergin®, Jennifer Bergner? et al.

The volatile contents of protoplanetary disks both set the potential for planetary chemistry and provide valuable
probes of defining disk system characteristics such as stellar mass, gas mass, ionization, and temperature structure.
Current disk molecular inventories are fragmented, however, giving an incomplete picture: unbiased spectral line
surveys are needed to assess the volatile content. We present here an overview of such a survey of the protoplanetary

disks around the Herbig Ae star MWC 480 and the T Tauri star LkCa 15 in ALMA Band 7, spanning ~36 GHz from
275-317 GHz and representing an _order of magnitude increase in sensitivity over previous single-dish surveys. We

detect 14 molecular species (including isotopologues), with 5 species 1(3348z 13(382 HoCS, DNC, and CoD) detected for

the first time in protoplanetary disks. Significant differences are observed in the molecular inventories of MWC 480
and LkCa 15, and we discuss how these results may be interpreted in light of the different physical conditions of these
two disk systems.
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33 Dual-Wavelength ALMA Observations of Dust Rings in Protoplanetary Disks
Feng Long!':?, Paola Pinilla?, Gregory J. Herczeg?, Sean M. Andrews!, Daniel Harsono?® et al.

We present new Atacama Large Millimeter /submillimeter Array (ALMA) observations for three protoplanetary disks

in Taurus at 2.9 mm and comparisons with previous 1.3 mm data both at an angular resolution of ~0"1 (15au for
the distance of Taurus). In the single-ring disk DS Tau, double-ring disk GO Tau, and multiple-ring disk DL Tau,

the same rings are detected at both wavelengths, with radial locations spanning from 50 to 120 au. To quantify the
dust emission morphology, the observed visibilities are modeled with a parametric prescription for the radial intensity
profile. The disk outer radii, taken as 95% of the total flux encircled in the model intensity profiles, are consistent at

both wavelengths for the three disks. Dust evolution models show that dust trapping in local pressure maxima in the
outer disk could explain the observed patterns. Dust rings are mostly unresolved. The marginally resolved ring in DS
Tau shows a tentatively narrower ring at the longer wavelength, an observational feature expected from efficient dust

trapping. The spectral index (ay,..,,) increases outward and exhibits local minima that correspond to the peaks of dust

rings, indicative of the changes in grain properties across the disks. The low optical depths (7 ~ 0.1-0.2 at 2.9 mm
and 0.2-0.4 at 1.3mm) in the dust rings suggest that grains in the rings may have grown to millimeter sizes. The
ubiquitous dust rings in protoplanetary disks modify the overall dynamics and evolution of dust grains, likely paving
the way towards the new generation of planet formation.
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Table 2. Source properties from visibility modeling
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34 Ongoing flyby in the young multiple system UX Tauri
F. Ménard!, N. Cuello!?3, C. Ginski?*®, G. van der Plas!, M. Villenave!® et al.

We present observations of the young multiple system UX Tauri to look for circumstellar disks and for signs of
dynamical interactions. We obtained SPHERE/IRDIS deep differential polarization images in the J and H bands.

We also used ALMA archival CO data. Large extended spirals are well detected in scattered light coming out of
the disk of UX Tau A. The southern spiral forms a bridge between UX Tau A and C. These spirals, including the
bridge connecting the two stars, all have a CO (3-2) counterpart seen by ALMA. The disk of UX Tau C is detected
in scattered light. It is much smaller than the disk of UX Tau A and has a major axis along a different position
angle, suggesting a misalignment. We performed PHANTOM SPH hydrodynamical models to interpret the data. The
scattered light spirals, CO emission spirals and velocity patterns of the rotating disks, and the compactness of the

disk of UX Tau C all point to a scenario in which UX Tau A has been perturbed very recently (about 1000 years) by
the close passage of UX Tan C.
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35 Substructure Formation in a Protostellar Disk of L1527 IRS
Riouhei Nakatani', Hauyu Baobab Liu?, Satoshi Ohashi', Yichen Zhang', Tomoyuki Hanawa® et al.

We analyze multi-frequency, high-resolution continuum data obtained by ALMA and JVLA to study detailed structure
of the dust distribution in the infant disk of a Class 0/I source, L1527 IRS. We find three clumps aligning in the

orth-south direction in the 7 10 _conti ] . The three clumps remain even after subtracting free-free
contamination, which is estimated from the 1.3 cm continuum observations. The northern and southern clumps are
located at a distance of ~15 au from the central clump and are likely optically thick at 7 mm wavelength. The clumps
have similar integrated intensities. The symmetric physical properties could be realized when a dust ring or spiral
arms around the central protostar is projected to the plane of the sky. We demonstrates for the first time that such
substructure may form even in the disk-forming stage, where the surrounding materials actively accrete toward a
disk-protostar system.
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