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#37  Subsonic islands within a high-mass star-forming IRDC

Vlas Sokolov, KeWang, Jaime E. Pineda, Paola Caselli, Jonathan D. Henshaw, Ashley T. Barnes,
Jonathan C. Tan, Francesco Fontani, Izaskun Jim enez-Serra and Qizhou Zhang
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#3hH The Fnvelope Kinematics and a Possible Disk Around the Class 0
Protostar within BHRY

John J. Tobin, Steven P. Bos, Michael M. Dunham, Tyler L. Bourke, Nienke van der Marel
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#30 Dancing twins: stellar hierarchies that formed sequentially”

Andrei Tokovinin
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#79 Unlocking CO Depletion in Protoplanetary Disks I.

The Warm Molecular Layer
- Kamber R. Schwarz, Edwin A. Bergin, L. llsedore Cleeves, Ke Zhang, Karin |. Oberg, Geoffrey A. Blake and Dana Anderson

ABSTRACT

CO is commonly used as a tracer of the total gas mass in both the interstellar medium and in protoplanetary disks.
Recently there has been much debate about the utility of CO as a mass tracer in disks.
Observations of CO in protoplanetary disks reveal a range of CO abundances, with measurements of low CO to dust mass ratios in numerous systems.

One possibility is that carbon is removed from CO via chemistry. However, the full range of physical conditions conducive to this chemical reprocessing is not
well understood.

We perform a systematic survey of the time dependent chemistry in protoplanetary disks for 198 models with a range of physical conditions.

We varying dust grain size distribution, temperature, comic ray and X-ray ionization rate, disk mass, and initial water abundance, detailing what physical
conditions are necessary to activate the various CO depletion mechanisms in the warm molecular layer.

We focus our analysis on the warm molecular layer in two regions: the outer disk (100 au) well outside the CO snowline and the inner disk (19 au) just inside
the midplane CO snow line.

After 1 Myr, we find that the majority of models have a CO abundance relative to H2 less than 10—4 in the outer disk, while an abundance less than 10—5
requires the presence of cosmic rays.

Inside the CO snow line, significant depletion of CO only occurs in models with a high cosmic ray rate.

If cosmic rays are not present in young disks it is difficult to chemically remove carbon from CO.

Additionally, removing water prior to CO depletion impedes the chemical processing of CO.

Chemical processing alone cannot explain current observations of low CO abundances. Other mechanisms must also be involved. 11



#30 A Statistical Study of Massive Cluster-Forming Clumps

Tomomi Shimoikura, Kazuhito Dobashi, Fumitaka Nakamura, Tomoaki Matsumoto and Tomoya Hirota

ABSTRACT

We report results of the observations of 15 regions in several molecular lines for a statistical study of massive clusterforming clumps.

We identified 24 clumps based on the C180 (J = 1 — 0) data obtained by the NRO 45 m telescope, and found that 16 of them are
associated with young clusters.

The clumps associated with clusters have a typical mass, radius, and molecular density of 1X103 Mo, 0.5 pc, 1X105 cm — 3, respectively.

We categorized the clumps and clusters into four types according to the spatial coincidence of gas and star density, and discussed their
evolutions: Clumps without clusters (Type 1), clumps showing good correlations with clusters (Type 2), clumps showing poor
correlations with clusters (Type 3), and clusters with no associated clumps (Type 4).

Analyses of the velocity structures and the chemical compositions imply that the clump + cluster systems should evolve from Type 1 to
Type 4.

We found that some of the Type 2 clumps are infalling on the clump-scale to form clusters at the clump center, which should commonly
occur in the beginning of cluster formation.

Interestingly, all of the identified Type 1 clumps are likely to be older than the Type 2 clumps in terms of chemical compositions,
suggesting that they have been gravitationally stable for a long time possibly being supported by the strong magnetic field of >1 mG.

Type 1 clumps younger than the observed Type 2 clumps should be very rare to find because of their short lifetime.
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#31 Sun-Sized Water Vapor Masers in Cepheus A

A.M. Sobolev, J.M. Moran, M.D. Gray, A. Alakoz, H. Imai, W.A. Baan,A.M. Tolmachev, V.A. Samodurov, and
D.A.Ladeyshchikov
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ABSTRACT

We present the first VLBI observations of a Galactic water maser (in Chepeus A) made with a very long baseline interferometric array involving the Radio
Astron Earth-orbiting satellite station as one of its elements.

We detected two distinct components at —16.9 and 0.6 km s—1 with a fringe spacing of 66 microarcseconds.

In total power, the 0.6 km s—1 component appears to be a single Gaussian component of strength 580 Jy and width of 0.7 km s—1.
Single-telescope monitoring showed that its lifetime was only 8 months.

The absence of a Zeeman pattern implies the longitudinal magnetic field component is weaker than 120 mG.

The space-Earth cross power spectrum shows two unresolved components smaller than 15 microarcseconds, corresponding to a linear scale of 1.6 x 1011
cm, about the diameter of the Sun, for a distance of 700 pc, separated by 0.54 km s—1 in velocity and by 160 =35 microarcseconds in angle.

This is the smallest angular structure ever observed in a Galactic maser. The brightness temperatures are greater than 2 X 1014 K, and the line widths are
0.5 kms—1.

Most of the flux (about 87%) is contained in a halo of angular size of 400+ 150 microarcseconds. This structure is associated with the compact HIl region
HW3diii.

We have probably picked up the most prominent peaks in the angular size range of our interferometer.

We discuss three dynamical models: (1) Keplerian motion around a central object, (2) two chance overlapping clouds, and (3) vortices caused by flow around
an obstacle (i.e., von Karman vortex street) with Strouhal number of about 0.3.
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#33 Triggering the formation of the supergiant HIl region NGC 604 in M33

A. Kengo Tachihara, Pierre Gratier, Hidetoshi Sano, Kesetsu Tsuge, Rie E. Miura, Kazuyuki Muraoka and Yasuo Fukui
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ABSTRACT

Formation mechanism of a supergiant HIl region NGC 604 is discussed in terms of collision of HI clouds in M33.

An analysis of the archival HI data obtained with the Very Large Array (VLA) reveals complex velocity distributions
around NGC 604.

The HI clouds are composed of two velocity components separated by ~ 20 km s—1 for an extent of ~ 700 pc,
beyond the size of the the HIl region.

Although the HI clouds are not easily separated in velocity with some mixed component represented by merged
line profiles, the atomic gas mass amounts to 6 X 106 Me and 9 X 106 Mo for each component.

These characteristics of HI gas and the distributions of dense molecular gas in the overlapping regions of the two
velocity components suggest that the formation of giant molecular clouds and the following massive cluster
formation have been induced by the collision of HI clouds with different velocities.

Referring to the existence of gas bridging feature connecting M33 with M31 reported by large-scale HI surveys,
the disturbed atomic gas possibly represent the result of past tidal interaction between the two galaxies, which is

analogous to the formation of the R136 cluster in the LMC.
14
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#34 Helical Magnetic Fields in Molecular Clouds? A New Method to Determine the
Line-of-Sight Magnetic Field Structure in Molecular Clouds

M. Tahani, R. Plume, J.C. Brown and J. Kainulainen

ABSTRACT

Magnetic fields pervade in the interstellar medium (ISM) and are believed to be important in the process of star formation, yet probing magnetic fields in star
formation regions is challenging.

We propose a new method to use Faraday rotation measurements in small scale star forming regions to find the direction and magnitude of the component of
magnetic field along the line-of-sight.

We test the proposed method in four relatively nearby regions of Orion A, Orion B, Perseus, and California. We use rotation measure data from the literature.
We adopt a simple approach based on relative measurements to estimate the rotation measure due to the molecular clouds over the Galactic contribution.

We then use a chemical evolution code along with extinction maps of each cloud to find the electron column density of the molecular cloud at the position of
each rotation measure data point.

Combining the rotation measures produced by the molecular clouds and the electron column density, we calculate the line-of-sight magnetic field strength
and direction.

In California and Orion A, we find clear evidence that the magnetic fields at one side of these filamentary structures are pointing towards us and are pointing
away from us at the other side.

Even though the magnetic fields in Perseus might seem to suggest the same behavior, not enough data points are available to draw such conclusions.
In Orion B, as well, there are not enough data points available to detect such behavior.

This behavior is consistent with a helical magnetic field morphology. In the vicinity of available Zeeman measurements in OMC-1, OMC-B, and the dark cloud
Barnard 1, we find magnetic field values of —23+38 uG, —129*28 uG,and 32+101 u G, respectively, which are in agreement with the Zeeman
Measurements.
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#3 [ The Massive Star-Forming Regions Omnibus X-Ray Catalog, Second Installment

Leisa K. Townsley, Patrick S. Broos, Gordon P. Garmire, Gemma E. Anderson, Eric D. Feigelson,
Tim Naylor and Matthew S. Povich

ABSTRACT

We present the second installment of the Massive Star-forming Regions (MSFRs) Omnibus X-ray Catalog (MOXC2), a compilation of X-
ray point sources detected in Chandra/ACIS observations of 16 Galactic MSFRs and surrounding fields.

MOXC2 includes 13 ACIS mosaics, three containing a pair of unrelated MSFRs at different distances, with a total catalog of 18,396 point
sources.

The MSFRs sampled range over distances of 1.3 kpc to 6 kpc and populations varying from single massive protostars to the most
massive Young Massive Cluster known in the Galaxy.

By carefully detecting and removing X-ray point sources down to the faintest statistically-significant limit, we facilitate the study of the
remaining unresolved X-ray emission.

Through comparison with mid-infrared images that trace photon-dominated regions and ionization fronts, we see that the unresolved X-
ray emission is due primarily to hot plasmas threading these MSFRs, the result of feedback from the winds and supernovae of massive
stars.

The 16 MSFRs studied in MOXC2 more than double the MOXC1 sample, broadening the parameter space of ACIS MSFR explorations
and expanding Chandra’s substantial contribution to contemporary star formation science.
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#33  Inward Migration of the TRAPPIST-1 Planets as Inferred From Their

Water-Rich Compositions
Cayman T. Unterborn, Steven J. Desch, Natalie R. Hinkel and Alejandro Lorenzo Jr.

ABSTRACT

Multiple planet systems provide an ideal laboratory for probing exoplanet composition, formation history and potential habitability.

For the TRAPPIST-1 planets, the planetary radii are well established from transits (Gillon et al., 2016, Gillon et al., 2017), with
reasonable mass estimates coming from transit timing variations (Gillon et al., 2017, Wang et al., 2017) and dynamical modeling (Quarles
et al., 2017).

The low bulk densities of the TRAPPIST-1 planets demand significant volatile content. Here we show using mass-radius-composition
models, that TRAPPIST-1f and g likely contain substantial (> 50 wt%) water/ice, with b and ¢ being significantly drier (< 15 wt%).

We propose this gradient of water mass fractions implies planets f and g formed outside the primordial snow line whereas b and ¢
formed inside.

We find that compared to planets in our solar system that also formed within the snow line, TRAPPIST-1b and c contain hundreds more
oceans worth of water.

We demonstrate the extent and timescale of migration in the TRAPPIST-1 system depends on how rapidly the planets formed and the
relative location of the primordial snow line.

This work provides a framework for understanding the differences between the protoplanetary disks of our solar system versus M
dwarfs.

Qur results provide key insights into the volatile budgets, timescales of planet formation, and migration history of likely the most
common planetary host in the Galaxy. 17




