SFN 322: 16-25

A B




19. Ingredients for Solar-like Systems: protostar IRAS 16293-2422 B
versus comet 67P/Churyumov—Gerasimenko
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22. AN ALMA VIEW OF MOLECULAR FILAMENTS IN THE LARGE MAGELLANIC CLOUD
|: THE FORMATION OF HIGH-MASS STARS AND PILLARS IN THE N159E-PAPILLON
NEBULA TRIGGERED BY A CLOUD-CLOUD COLLISION Fukui et al.
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Figure 1. *CO (J = 2-1) images toward the N159E-Papillon region. (a) Velocity integrated intensity of BCo(J = 2-1)
obtained in Cycle 4. The angular resolutions are shown in the lower left corners in each panel. Yellow crosses represent the
position of the Papillon Nebula YSO, given by the 98 GHz continuum peak (Paper I). White crosses denote the position of
MMS-1 and MMS-2 (see the text in Sect. 3.3). The shape of the Papillon Nebula traced by Ha emission (see also Figure 5 (b))
is shown in white contours in both panels. (b) Same as (a) but for the '*CO (J = 2-1) data obtained in Cycle 1 (Paper I). Note
that the moment masked cube data are used in both panel (see Sect. 2).



Table 1. Properties of CO pillars around the Papillon Nebula

Name TpoSO (K)*  N(Hz)uux (em™2)®  N(Hz)uo (em™2)°  Width (pe)?  n(Hz)aye (em™=2)°

Pillar 1 77 4.0 x 10%% 2.5 x 10%% 0.12 6.7 x 10°
Pillar 2 76 3.7 x 102 2.6 x 10%* 0.18 4.7 % 10°
Pillar 3 80 4.1 % 102 3.0 x 10%% 0.22 4.4 % 10°
Pillar 4 67 1.3 x 1022 1.0 x 1023 0.13 2.7 x 10°
Pillar 5 61 1.4 x 1022 9.0 % 1072 0.09 3.2x 10°
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Figure 4. Filamentary structures and their width toward the N159E-Papillon region. (a) Color lines show the identified
filaments (see the text) on the 13CO velocity-integrated intensity map. (b) The intensity profile of filament 1. Grey dots are
all the points of the cross-sections taken along the filament. Blue and red lines show the averaged profile and Gaussian fitting
result to the profile, respectively. () Distributions of the FWHNM widths for identified filaments. (d) The number of profiles
(every radial slice) along all the identified filaments.
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Figure 7. Large- and small-scale distributions of H 1 and CO emission around the N159 GMC. (a) The position—volocity
diagrams of H 1 (Kim et al. 2003) and CO (J = 1-0) (Fukui et al. 2008) are shown in gray-scale and green contours, respectively.
The extracted ranges to make the maps are shown in white dashed lines in panel (b). (b) Cyan and red images show H 1 integrated
intensity maps of L- (Ve = —100-—30 krns_l), and D-component (V,geee = —10-10km s_l). respectively, reproduced from
Fukui et al. (2017); Tsuge et al. (2019). Green contours show the integrated intensity map of CO (J = 1-0) with an angular
resolution of 2!7. (c) Green image and contours show the CO (J = 3-2) map of the N159 GMC (Minamidani et al. 2008). (d,e)
ALMA 3CO images of the N159E-Papillon (same as Figure 1 (a)) and the N159W-South regions (TFH18). The shape of the
Papillon Nebula traced by Ha emission is shown in magenta contours in panel (d). The position of the protostellar sources; the
Papillon Nebula YSO, outflow sources with and without 1.3 mm continuum sources are denoted by the yellow, black, and white
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happening around the shock front. Black and gray colors represent the CO distributions traced by the ALMA observations and
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25. Gas velocity structure of the Orion A Integral Shaped Filament
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Figure 4. From left to right: Mass per unit length as a function of § of the gas (black curve) from Stutz (2018) and young stars (red curve)

from Megeath et al. (2016) in the ISF; intensity-weighted velocity centroid as a function of § for NoHt, NHs, 12CO and '3CO, respectively. the dashed line, and NoH™ with the solid line. The red curves
The position-velocity centroid (PV) diagrams are obtained from the integrated emission and velocity centroid maps for all tracers (see represent the northern region of the ISF (from 6 = —4.9° to
text). All diagrams are extracted within the NoH* observation area (see Figure 2), with an R.A. range of 83.66° < a < 84.18° (the § = —5.25%), and the gray curves represent the OMC1 region from
region indicated as the blue box in Figure 1). The red X-symbol denotes the center of mass coordinate of the ONC stars and the mean ((5 — _595° to & — 5.480}. Bottom: Mach number as a function
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ABSTRACT

The compact, non-thermal emission in DoAr21 has been studied with the VLBA to investigate the
possibility that the residuals of the astrometry fitting are due to the reflex motion induced by a possible
companion. We find that the fitting of VLBA astrometric observations of DoAr21 improves significantly
by adding the orbital motions of three companions. We obtain an improved distance to the source
of 134.6 £ 1.0 pc, and estimate that the central star, DoAr21, has a mass of about 2.04 £ 0.70 M.
We suggest that DoAr21 represents a unique case where two sub-stellar companions, DoAr21b and
DoAr21c (mp ~ 35.6 £27.2 My, and me ~ 44.04£13.6 M, respectively), have been found associated
to a relatively low mass, pre-main sequence star. In addition, we find that this WTTau star is an
astrometric double system, having a low-mass star companion, DoAr21B (mp ~ 0.35 + 0.12 M),
in a relatively eccentric orbit. The orbit of this low-mass stellar companion is compact, while the
Brown Dwarfs are located in external orbits. DoAr21e has the strongest astrometric signature in the
periodogram, while DoAr21B has a weak but significant signature. On the other hand, the astrometric
signature of DoAr21b does not appear in the periodogram, however, this Brown Dwarf was directly
detected in some of the VLBA observations. The estimated orbital periods of DoAr21 B, DoAr21b and
DoAr2lc are Pg ~ 9292 £ 0.02, P, ~ 450.9 & 3.8 and P. ~ 1013.5 £ 25.3 days, respectively. Since
the estimated age of this young star is about 0.4—0.8 Myrs, the detected Brown Dwarf companion is
among the youngest companions observed to date.



A Search for Intermediate Separation Low Mass Binaries in the Orion Nebula Cluster
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ABSTRACT

We present the results of a binary population study in the Orion Nebula Cluster (ONC) using
archival Hubble Space Telescope (HST) data obtained with the Advanced Camera for Surveys (ACS)
in Johnson V filter (HST Proposal 10246, PI M. Robberto). Young clusters and associations hold clues
to the origin and properties of multiple star systems. Binaries with separations < 100 AU are useful as
tracers of the initial binary population since they are not as likely to be destroyed through dynamical
interactions. Low mass, low stellar density star-forming regions such as Taurus-Auriga, reveal an excess
of multiples compared to the Galactic Field. Studying the binary population of higher mass, higher
stellar density star-forming regions like the ONC provides useful information concerning the origin
of the Galactic Field star population. In this survey, we characterize the previously unexplored (and
incomplete) separation parameter space of binaries in the ONC (15 - 160 AU) by fitting a double-PSF
model built from empirical PSFs. We identified 14 candidate binaries (11 new detections) and find
that 8f‘21gz of our observed sample are in binary systems, complete over mass ratios and separations of
0.6 < q < 1.0 and 30 < a < 160 AU. This is consistent with the Galactic Field M-dwarf population
over the same parameter ranges, 6.5% = 3%. Therefore, high mass star forming regions like the ONC
would not require further dynamical evolution for their binary population to resemble the Galactic
Field, as some models have hypothesized for young clusters.
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ABSTRACT

Dust growth is often neglected when building models of protoplanetary disks due to its complexity
and computational expense. However, it does play a major role in shaping the evolution of pro-
toplanetary dust and planet formation. In this paper, we present a numerical model coupling 2-D
hydrodynamic evolution of a protoplanetary disk, including a Jupiter-mass planet, and dust coagula-
tion. This is obtained by including multiple dust fluids in a single grid-based hydrodynamic simulation
and solving the Smoluchowski equation for dust coagulation on top of solving for the hydrodynamic
evolution. We find that fragmentation of dust aggregates trapped in a pressure bump outside of the
planetary gap leads to an enhancement in density of small grains. We compare the results obtained
from the full coagulation treatment to the commonly used, fixed dust size approach and to previously
applied, less computationally intensive methods for including dust coagulation. We find that the full
coagulation results cannot be reproduced using the fixed-size treatment, but some can be mimicked
using a relatively simple method for estimating the characteristic dust size in every grid cell.



The Nature of Class I Sources: Periodic Variables in Orion
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ABSTRACT

We present a quantitative, empirically based argument that at least some Class [ sources are low-
mass, pre-main-sequence stars surrounded by spatially extended envelopes of dusty gas. The source
luminosity arises principally from stellar gravitational contraction, as in optically visible pre-main-
sequence stars that lack such envelopes. We base our argument on the fact that some Class I sources
in Orion and other star-forming regions have been observed by Spitzer to be periodic variables in the
mid-infrared, and with periods consistent with T Tauri rotation rates. Using a radiative transfer code,
we construct a variety of dust envelopes surrounding rotating, spotted stars, to see if an envelope that
produces a Class I SED at least broadly matches the observed modulations in luminosity. Acceptable
envelopes can either be spherical or flattened, and may or may not have polar cavities. The key
requirement is that they have a modest equatorial optical depth at the Spitzer waveband of 3.6 pm,
typically 73.6 = 0.6. The total envelope mass, based on this limited study, is at most about 0.1 Mg, less
than a typical stellar mass. Future studies should focus on the dynamics of the envelope, to determine
whether material is actually falling onto the circumstellar disk.



GIARPS High-resolution Observations of T Tauri stars (GHOSsT)
I: Jet line emission
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ABSTRACT

Context. The mechanism for jet formation in the disks of T Tauri stars remains poorly understood. Observational benchmarks to
launching models can be provided by tracing the physical properties of the kinematic components of the wind and jet in the inner 100
au of the disk surface.

Aims. In the framework of the GHOsT (GIARPS High-resolution Observations of T Tauri stars) project, we aim to perform a multi-
line analysis of the velocity components of the gas in the jet acceleration zone.

Methods. We analyzed the GIARPS-TNG spectra of six objects in the Taurus-Auriga complex (RY Tau, DG Tau, DL Tau, HN Tau,
DO Tau, RW Aur A). Thanks to the combined high-spectral resolution (R =350 000—115 000) and wide spectral coverage (~ 400—-2400
nm) we observed several 0%, S* N N+ and Fe * forbidden lines spanning a large range of excitation and ionization conditions. In
four objects (DG Tau, HN Tau, DO Tau, RW Aur A), temperature (7.), electron and total density (7, ny), and fractional ionization
(x.) were derived as a function of velocity through an excitation and ionization model. The abundance of gaseous iron, X(Fe), a probe
of the dust content in the jet, was derived in selected velocity channels.

Results. The physical parameters vary smoothly with velocity, suggesting a common origin for the different kinematic components. In
DG Tau and HN Tau, 7%, xc, and X(Fe) increase with velocity (roughly from 6000 K, 0.05, 10%X(Fe) to 15000 K, 0.6, 90%X(Fe)o).
This trend is in agreement with disk—wind models in which the jet is launched from regions of the disk at different radii. In DO Tau
and RW Aur A, we infer x.< 0.1, ng~ 1057 cm™, and X(Fe) < X(Fe),, at all velocities. These findings are tentatively explained by
the formation of these jets from dense regions inside the inner, gaseous disk, or as a consequence of their high degree of collimation.
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ABSTRACT

We report the discovery of maser emission in the two lowest rotational transitions of CS toward the
high-mass protostar W51 e2e with ALMA and the JVLA. The masers from CS J=1-0 and J=2-1 are
neither spatially nor spectrally coincident (they are separated by ~ 150 AU and ~ 30 km s=!), but
both appear to come from the base of the blueshifted outflow from this source. These CS masers join

a growing list of rarely-detected maser transitions that may trace a unique phase in the formation of
high-mass protostars.



