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Understanding star formation in molecular clouds

IV. Column density PDFs from quiescent to massive molecular clouds

N. Schneider'©, V. Ossenkopf-Okada', S. Clarke'-2, R. S. Klessen?, S. Kabanovic', T. Veltchev?, S. Bontemps®,
S. Dib>-®, T. Csengeri’, C. Federrath’, J. Di Francesco®?, F. Motte'?, Ph. André'!, D. Arzoumanian'?, J. R. Beattie’,
L. Bonne® '3, P. Didelon'!, D. Elia'*, V. Kényves!®, A. Kritsuk'®, B. Ladjelate!”, Ph. Myers'8, S. Pezzuto'#,

J. F. Robitaille'®, A. Roy>, D. Seifried', R. Simon', J. Soler®, and D. Ward-Thompson'?

ABSTRACT

Probability distribution functions of the total hydrogen column density (N-PDFs) are a valuable tool for distinguishing between the
various processes (turbulence, gravity, radiative feedback, magnetic fields) governing the morphological and dynamical structure of
the interstellar medium. We present N-PDFs of 29 Galactic regions obtained from Herschel imaging at high angular resolution (18"),
covering diffuse and quiescent clouds, and those showing low-, intermediate-, and high-mass star formation (SF), and characterize the
cloud structure using the A-variance tool. The N-PDFs show a large variety of morphologies. They are all double-log-normal at low
column densities, and display one or two power law tails (PLTs) at higher column densities. For diffuse, quiescent, and low-mass SF
clouds, we propose that the two log-normals arise from the atomic and molecular phase, respectively. For massive clouds, we suggest
that the first log-normal is built up by turbulently mixed H; and the second one by compressed (via stellar feedback) molecular gas.
Nearly all clouds have two PLTs with slopes consistent with self-gravity, where the second one can be flatter or steeper than the first
one. A flatter PLT could be caused by stellar feedback or other physical processes that slow down collapse and reduce the flow of
mass toward higher densities. The steeper slope could arise if the magnetic field is oriented perpendicular to the LOS column density
distribution. The first deviation point (DP), where the N-PDF turns from log-normal into a PLT, shows a clustering around values of
a visual extinction of Ay (DP1) ~ 2-5. The second DP, which defines the break between the two PLTs, varies strongly. In contrast, the
width of the N-PDFs is the most stable parameter, with values of o between ~(0.5 and 0.6. Using the A-variance tool, we observe that
the Ay value, where the slope changes between the first and second PLT, increases with the characteristic size scale in the A-variance
spectrum. We conclude that at low column densities, atomic and molecular gas is turbulently mixed, while at high column densities, the
gas is fully molecular and dominated by self-gravity. The best fitting model N-PDFs of molecular clouds is thus one with log-normal
low column density distributions, followed by one or two PLTs.
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The First Detection of a Protostellar CO Outflow in the Small Magellanic Cloud
with ALMA

Kazuki Tokuda"*~ @, Sarolta Zahorecz™ @, Yuri Kunitoshi® , Kosuke Higashino (», Kei E. I. Tanaka™*®, Ayu Konishi
Taisei Suzukj3, Naoya Kjtan03, Naoto Harada' ., Takashi Shimonishi® , Naslim Neelamkodan® . Yasuo Fukui’ .
Akiko Kawamura® , Toshikazu Onishi’ , and Masahiro N. Machida’

Abstract

Protostellar outflows are one of the most outstanding features of star formation. Observational studies over the last
several decades have successfully demonstrated that outflows are ubiquitously associated with low- and high-mass
protostars in solar-metallicity Galactic conditions. However, the environmental dependence of protostellar outflow
properties is still poorly understood, particularly in the low-metallicity regime. Here we report the first detection of
a molecular outflow in the Small Magellanic Cloud with 0.2 Z_, using Atacama Large Millimeter/submillimeter
Array observations at a spatial resolution of 0.1 pc toward the massive protostar Y246. The bipolar outflow is
nicely illustrated by high-velocity wings of CO(3-2) emission at =15km s '. The evaluated properties of the
outflow (momentum, mechanical force, etc.) are consistent with those of the Galactic counterparts. Our results
suggest that the molecular outflows, i.e., the guidepost of the disk accretion at the small scale, might be universally
associated with protostars across the metallicity range of ~0.2-1 Z..

L]

N MK Ve KRETAS

_,_‘u_b:—‘ KYUSHU UNIVERSITY Osaka Metropolitan University

PRESS RELEASE (2022/08/18)

19 ARFRADNIEFVENCEDEFRZF v v F !
TAREEFHIRZ B 100 BEMEL QR OHEE

bk VN
QO XBREALVILIEHNEORETEOLIICEBEEE)LFEET ZHHDKRERATH-T-
@ 100 BEFEYORTISGAVWVINT S Vv ECEREOEFZHTHRET A £ ICKD
@ EFEFEHINVYIC, FTHOBHEOEPREOHAEBEORALE S ITED LHF

K 1: (£) BRMFHEERED N—> <
IVFERIEDERIMRTEERIL 72
hetE T vEEFR) RBE Y246 H
L ORBRFi. V7 vBLUKE
TR LB D ZNZTNHIERITED
CARAB LPREH B HRICER

54000 km W EDEE T:EEHL TW
¥F9, 7ARIBEBREBOMIEZRL
TWET,

Credit: ALMA (ESO/NAQJ/NRAO),
Tokuda et al. ESA/Herschel




SFN355#27

Grain growth during protostellar disc formation

Yisheng Tu =, * Zhi-Yun Li and Ka Ho Lam

ABSTRACT

Recent observations indicate that mm/cm-sized grains may exist in the embedded protostellar discs. How such large grains grow
from the micron size (or less) in the earliest phase of star formation remains relatively unexplored. In this study, we take a first step
to model the grain growth in the protostellar environment, using 2D (axisymmetric) radiation hydrodynamic and grain growth
simulations. We show that the grain growth calculations can be greatly simplified by the ‘terminal velocity approximation’, where
the dust drift velocity relative to the gas is proportional to its stopping time, which is proportional to the grain size. We find that
the grain—grain collision from size-dependent terminal velocity alone is too slow to convert a significant fraction of the initially
micron-sized grains into mm/cm sizes during the deeply embedded Class 0 phase. Substantial grain growth is achieved when the
grain—grain collision speed is enhanced by a factor of 4. The dust growth above and below the disc midplane enables the grains to
settle faster towards the midplane, which increases the local dust-to-gas ratio, which, in turn, speeds up further growth there. How
this needed enhancement can be achieved is unclear, although turbulence is a strong possibility that deserves further exploration.
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Distributed YSOs in the Perseus Molecular Cloud from the Gaia and LAMOST Surveys

Xiao-Long "\lul"an,gl’2 , Min Fangl’3 , Yu Gao' ™, Hong-Xin ."'flhanglS , Gregory 1. Herczegﬁ’? , Hong-Jun Ma',
En Chen'~, and Xing-Yu Zhou®’

Abstract

Identifying the young optically visible population in a star-forming region is essential for fully understanding the
star formation event. In this paper, we identify 211 candidate members of the Perseus molecular cloud based on
Gaia astrometry. We use LAMOST spectra to confirm that 51 of these candidates are new members, bringing the
total census of known members to 856. The newly confirmed members are less extincted than previously known
members. Two new stellar aggregates are identified in our updated census. With the updated member list, we
obtain a statistically significant distance gradient of 4.84 pc deg ' from west to east. Distances and extinction
corrected color-magnitude diagrams indicate that NGC 1333 is significantly younger than IC 348 and the
remaining cloud regions. The disk fraction in NGC 1333 is higher than elsewhere, consistent with its youngest age.
The star formation scenano in the Perseus molecular cloud is investigated and the bulk motion of the distributed
population is consistent with the cloud being swept away by the Per-Tau Shell.

Perseus%F2: ~300 [pc] from the Sun, {EE = £ 2L M8

Gaia EDR3 (UBXXZF « At T—2) ... $17=BYSOs{Z DY E
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Stellar surface densities
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Distance gradient
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Evolutionary stages
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Probing Magnetic Fields in Protoplanetary Disk Atmospheres through Polarized Near-IR
Light Scattered by Aligned Grains

Haifeng Yang (#5:§U%)'~ © and Zhi-Yun Li”
Abstract

Magnetic fields play essential roles in protoplanetary disks. Magnetic fields in the disk atmosphere are of particular
interest, as they are connected to the wind-launching mechanism. In this work, we study the polanzation of the
light scattered off of magnetically aligned grains in the disk atmosphere, focusing on the deviation of the
polarization orentation from the canonical azimuthal direction, which may be detectable in near-IR polarimetry
with instruments such as VLT /SPHERE. We show with a simple disk model that the polarization can even be
oriented along the radial (rather than azimuthal) direction, especially in highly inclined disks with toroidally
dominated magnetic fields. This polanization reversal is caused by the anisotropy in the polarizability of aligned
grains and is thus a telltale sign of such grains. We show that the near-IR light is scattered mostly by pum-sized
grains or smaller at the 7=1 surface and such grains can be magnetically aligned if they contain
superparamagnetic inclusions. For comparison with observations, we generate synthetic maps of the ratios of
U,/I and Q /I, which can be used to infer the existence of (magnetically) aligned grains through a negative Q,
(polarization reversal) and /or a significant level of U/,,/I. We show that two features observed in the existing data,
an asymmetric distribution of U, with respect to the disk minor axis and a spatial distribution of U, that is
predominantly positive or negative, are incompatible with scattering by spherical grains in an axisymmetric disk.
They provide indirect evidence for scattering by aligned nonspherical grains.
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Characterising the orbit and circumstellar environment of the
high-mass binary MWC 166 A

Sebastian A. Zarrilli'®, Stefan Kraus‘, Alexander Kreplinl, John D. Monnier?®, Tyler Gardner? ,
Antoine Mérand®, Sam Morrell!?, Claire L. Davies'®, Aaron Labdon'~, Jacob EnnisZ(, Benjamin Setterholm?,

Jean-Baptiste Le ]?‘:c:uuquin3 , Narsireddy Anugu*®, Cyprien Lanthermann®,

Gail Schaefer?, and Theo ten Brummelaar?

ABSTRACT

Context. Stellar evolution models are highly dependent on accurate mass estimates, especially for highly massive stars in the early
stages of stellar evolution. The most direct method for obtaining model-independent stellar masses is derivation from the orbit of close
binaries.

Aims. Our aim was to derive the first astrometric plus radial velocity orbit solution for the single-lined spectroscopic binary star
MWC 166 A, based on near-infrared interferometry over multiple epochs and ~100 archival radial velocity measurements, and to
derive fundamental stellar parameters from this orbit. A supplementary aim was to model the circumstellar activity in the system from
K band spectral lines.

Methods. The data used include interferometric observations from the VLTI instruments GRAVITY and PIONIER, as well as the
MIRC-X instrument at the CHARA Array. We geometrically modelled the dust continuum to derive relative astrometry at 13 epochs,
determine the orbital elements, and constrain individual stellar parameters at five different age estimates. We used the continuum
models as a base to examine differential phases, visibilities, and closure phases over the Bry and He I emission lines in order to
characterise the nature of the circumstellar emission.

Results. Our orbit solution suggests a period of P = 367.7 £ 0.1 d, approximately twice as long as found with previous radial velocity
orbit fits. We derive a semi-major axis of 2.61 +0.04 au at d = 990 = 50 pc, an eccentricity of 0.498 +0.001, and an orbital inclination
of 53.6 £0.3°. This allowed the component masses to be constrained to M, = 12.2+2.2 M and M; = 4.9 £ 0.5 M,,. The line-emitting
gas was found to be localised around the primary and is spatially resolved on scales of ~11 stellar radii, where the spatial displacement
between the line wings is consistent with a rotating disc.

Conclusions. The large spatial extent and stable rotation axis orientation measured for the Bry and He I line emission are inconsistent
with an origin in magnetospheric accretion or boundary-layer accretion, but indicate an ionised inner gas disc around this Herbig Be
star. We observe line variability that could be explained either with generic line variability in a Herbig star disc or V/R variations in a
decretion disc scenario. We have also constrained the age of the system, with relative flux ratios suggesting an age of ~(7 +2)x 10° yr,
consistent with the system being composed of a main-sequence primary and a secondary still contracting towards the main-sequence
stage.



