#316 (No. 28 v 37) ( )

The Star Formation Newsletter 2019/06/07

28
29

30

31
32
33

34
35

36
37

On the origin of very massive stars around NGC 3603

Effect of Different Angular Momentum Transport Mechanisms on the
Distribution of Water in Protoplanetary Disks

Millimeter -wave polarization due to grain alignment by the gas flow in
protoplanetary disks

Stellar encounters with giant molecular clouds
The Core Mass Function in the Infrared Dark Cloud G28.37+0.07

Widespread Molecular Outflows in the Infrared Dark Cloud
G28.37+0.07: Indications of Orthogonal Outflow -Filament Alignment

Close companions around young stars

Exploring the dimming event of RW  Aur A through multi -epoch VLT/X-
Shooter spectroscopy

The Origins of Protostellar Core Angular Momenta
Modeling Sulfur Depletion in Interstellar Clouds



1

Z:8 The origin of very massive stars around NGC 3603

V. M. Kalari!2, J. S. Vink®, W. J. de Wit*, N. J. Bastian®, and R. A. Méndez>

The formation mechanism of the most massive stars in the Universe remains an unsolved problem. Are they able to form in relative
isolation in a manner similar to the formation of solar-type stars, or do they necessarily require a clustered environment? In order to
shed light on this important question, we study the origin of two very massive stars (VMS): the O2.5If*/WN6 star RES7 (~100 M,,),
and the O3.5If* star RFS8 (~70 M), found within ~53 and 58 pc, respectively, of the Galactic massive young cluster NGC 3603,
using Gaia data. The star RFS7 is found to exhibit motions resembling a runaway star from NGC 3603. This is now the most massive
runaway star candidate known in the Milky Way. Although RFS8 also appears to move away from the cluster core, it has proper-
motion values that appear inconsistent with being a runaway from NGC 3603 at the 30 level (but with substantial uncertainties due to
distance and age). Furthermore, no evidence for a bow-shock or a cluster was found surrounding RFS8 from available near-infrared
photometry. In summary, whilst RFS7 is likely a runaway star from NGC 3603, making it the first VMS runaway in the Milky Way,
RFS8 is an extremely young (~2Myr) VMS, which might also be a runaway, but this would need to be established from future
spectroscopic and astrometric observations, as well as precise distances. If RFS 8 was still not found to meet the criteria for being a
runaway from NGC 3603 from such future data, this would have important ramifications for current theories of massive star formation,
as well as the way the stellar initial mass function is sampled.

(Very Massive Star, VMS, with M, > 100 [M,,])
(fragmentation of the core)
(monolithic collapse) A / /
(LMC) VMSs at >25 pc from the starburst cluster R136 at the heart of 30 Doradus
(MW) Two field VMSs (RFS7, RFES§ at > 50 pc from the star -forming region NGC3603
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RFS7 (O2.51f/WN6) and RFS8 (03.5If) Roman-Lopes et al. 2016)
(~ 100 [Msun])
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Effect of Different Angular Momentum Transport Mechanisms on the Distribution
of Water in Protoplanetary Disks

Anusha Kalyaan‘® and Steven J. Desch

The snow line in a protoplanetary disk demarcates regions with H,O ice from regions with H,O vapor. Where a
planet forms relative to this location determines how much water and other volatiles it forms with. Giant-planet
formation may be triggered at the water—snow line if vapor diffuses outward and is cold-trapped beyond the snow
line faster than icy particles can drift inward. In this study, we investigate the distribution of water across the snow
line, considering three different radial profiles of the turbulence parameter a(r), corresponding to three different
angular momentum transport mechanisms. We consider the radial transport of water vapor and icy particles by
diffusion, advection, and drift. We show that even for similar values of «, the gradient of a(r) across the snow line
significantly changes the snow line location, the sharpness of the volatile gradient across the snow line, and the
final water/rock ratio in planetary bodies. A profile of radially decreasing «, consistent with transport by
hydrodynamic instabilities plus magnetic disk winds, appears consistent with the distribution of water in the solar
nebula, with monotonically increasing radial water content and a diverse population of asteroids with different
water content. We argue that >.(r) and water abundance Ny,o(7) /Ny, (r) are likely a diagnostic of a(r) and thus of
the mechanism for angular momentum transport in inner disks.

http://adsabs.harvard.edu/abs/2019ApJ...875...43K
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Figure 1. Schematic figures (a), (b), and (c) show the various processes of radial transport of volatiles across the snow line, and the implications of the redistribution of Figure 2. The three o profiles idered in this work depicted with the p physical scenarios that would produce such a radial profile: (i) uniform a profile,
volatiles over disk evolution. (a) A schematic that shows the various radial transport processes that move volatiles bidirectionally through the snow line. All of these ~ Which is constant across the radius; the range of constant a values explored in this study is also depicted by red dashed lines. (i) MRI a profile, with an active
processes can be sequentially contextualized as follows: (1) particles from the outer disk face a headwind from the pressure-supported gas and therefore spiral inward;  innermost disk and a radially increasing o toward the outer disk. (iii) Hybrid o profile, a turbulent inner disk with a radially decreasing a toward the outer disk. See
(2) small icy particles well coupled to the gas also diffuse inward and ice on these particles sublimate on reaching warmer regions of the inner disk; (3) some of this ~ Section 2.2 for detailed discussion.

vapor diffuses back through the snow line to refreeze onto solids; (4) ice-bereft particles also diffuse back through, and may gain some of their icy mantles; (5) icy

chondrules continue to diffuse both inward back through the snow line as well as into the outer disk: (6) with time, the particles grow and/or are accreted into

asteroids. (b) In the early stages of disk evolution, viscous dissipation contributes significantly to the thermal structure of the nebula. Mass accretion rates are initially

high. Eventually, they drop down and so does the temperature of the inner disk, causing the snow line to move inward with time. A peak in the ice abundance of

chondrules forms just beyond the snow line: as the snow line moves inward, this peak follows with time. (¢) With time, the collective signature of the redistribution of

volatiles through the above processes manifest as the bulk abundance of water available in different bodies at different heliocentric distances. See the text for a detailed

discussion.




30 Millimeter-wave Polarization Due to Grain Alignment by the Gas Flow in Protoplanetary
Disks

Akimasa Kataoka' , Satoshi Okuzumi’ , and Ryo Tazaki’

Dust grains emit intrinsic polarized emission if they are elongated and aligned in the same direction. The direction
of the grain alignment i1s determined by external forces, such as magnetic fields, radiation, and gas flow against the
dust grains. In this Letter, we apply the concept of the grain alignment by gas flow, which is called mechanical
alignment, to the situation of a protoplanetary disk. We assume that grains have a certain helicity, which results in
the alignment with the minor axis parallel to the grain velocity against the ambient disk gas and discuss the
morphology of polarization vectors in a protoplanetary disk. We find that the direction of the polarization vectors
depends on the Stokes number, which denotes how well grains are coupled to the gas. If the Stokes number is less
than unity, the orientation of polarization is in the azimuthal direction because the dust velocity against the gas is in
the radial direction. If the Stokes number is as large as unity, the polarization vectors show a leading spiral pattern
because the radial and azimuthal components of the gas velocity against the dust grains are comparable. This
suggests that if the observed polarization vectors show a leading spiral pattern, it would indicate that the Stokes
number of dust grains is around unity, which is presumably radially drifting.

He li Cal gl‘ains Laboratory frame

dust velocity

/-___—-—-\ g"& rotation gas velocity
(gas flow) L (polarization)

http://adsabs.harvard.edu/abs/2019ApJ...874L...6K

pslarlzatmn

Rest frame of the dust grain

gas velocity

f: against dust

(central star)



http://adsabs.harvard.edu/abs/2019ApJ...874L...6K

£ 10t} )
% 103
@ 2

L
S 10t

/_\ M
5 1071

./———-—~‘A

(b) St=0.01 (c) St=0.1

Figure 4. Morphologies of the polarization vectors emitted by dust grains aligned with the gas flow due to the mechanical alignment. Different panels show the cases
of the Stokes number at 0, 0.01, 0.1, 1.0, 10, and much greater than unity. All disks are face-on viewed and rotating counterclockwise.



Stellar encounters with giant molecular clouds

Giorgi Kokaia, Melvyn B. Davies

Giant molecular clouds (GMCs) are believed to affect the biospheres of planets as their host star
passes through them. We simulate the trajectories of stars and GMCs in the Galaxy and determine
how often stars pass through GMCs. We find a strong decreasing dependence with Galactocentric
radius, and with the velocity perpendicular to the Galactic plane, V,. The XY -component of the
kinematic heating of stars was shown to not affect the GMC hit rate, unlike the Z-dependence (V)
implies that stars hit fewer GMCs as they age. GMCs are locations of star formation, therefore we
also determine how often stars pass near supernovae. For the supernovae the decrease with V. is
steeper as how fast the star passes through the GMC determines the probability of a supernova
encounter. We then integrate a set of Sun-like trajectories to see the implications for the Sun. We
find that the Sun hits 1.6 £ 1.3 GMCs per Gyr which results in 1.5 + 1.1 or (with correction for
clustering) 0.8 0.6 supernova closer than 10 pc per Gyr. The different the supernova frequencies are
from whether one considers multiple supernova per GMC crossing (few Myr) as separate events. We
then discuss the effect of the GMC hits on the Oort cloud, and the Earth’s climate due to accretion,
we also discuss the records of distant supernova. Finally, we determine Galactic Habitable Zone
using our model. For the thin disk we find it to lie between 5.8-8.7 kpc and for the thick disk to lie
between 4.5-7.7 kpc.

http://adsabs.harvard.edu/doi/10.1093/mnras/stz813
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Stellar encounters with giant molecular clouds

Giorgi Kokaia, Melvyn B. Davies
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Figure 17. The relative number of habitable stars in the Galaxy
as a function of radius. This is calculated using the condition for
habitability that a star hits fewer than two GMCs per Gyr, which
is based on the Solar value. Then, using the structure of the disks
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The Core Mass Function in the Infrared Dark Cloud G28.37+0.07

Shuo Kong

In this paper, we analyze the 1.3 mm continuum ALMA data that cover the majority of the infrared dark cloud
(IRDC) G28.37+0.07. With a spatial resolution of 0”5 (2500 au at 5 kpc), the continuum image reveals five groups
of dense cores. Each core group has a projected physical scale of about 1 pc, with core masses spanning a dynamic
range of about 100. We use the dendrogram method (astrodendro) and a newly developed graph method
(astrograph) to identify individual cores. The core masses are estimated through the millimeter continuum flux,
assuming constant temperature and using an NHjs-based gas temperature. We construct core mass functions
(CMFs) based on the two methods and fit a power-law relation dN/dlogM < M~ to the CMFs for
M > 0.79 M_... In the constant-temperature scenario, astrograph gives o = 0.80 £ 0.10, while astrodendro gives
a = 0.71 £ 0.11, both significantly shallower than the Salpeter-type initial mass function with o = 1.35. In the
scenario where the NH3 gas temperature is applied to cores, astrograph gives a = 1.37 £ 0.06, while astrodendro
gives a = 0.87 £ 0.07. Regional CMF slope variation is seen between the core groups. We also compare CMFs in
three different environments, including IRDC G28.37-+0.07, IRDC clumps, and G286.21+0.17, using the identical
dendrogram method. Results show that IRDCs have smaller « than the cluster-forming cloud G286.214-0.17.

dN
d log M

x M~

http://adsabs.harvard.edu/abs/2019ApJ...873...31K
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The Core Mass Function in the Infrared Dark Cloud G28.37+0.07

Shuo Kong
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Figure 17. Comparison of core definitions between astrograph, astrodendro, and Zhang et al. (2015) for the “Belly™ subregion (the P1 clump). Grayscale: ALMA
1.3 mm continuum mosaic in the P1 clump. Contours: individual cores identified by the astrograph (cyan) and astrodendre (red) methods. Green crosses label the 38
cores defined (manually but using astrodendre as a guide) in Zhang et al. (2015; Table 1).
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Figure 1. Gr: e: MIREX mass surface density map from Kong et al. (2018a; scale in g cm™). The
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2 UU. Ocenter ~ 0.08 mJy beam™'. The red contours hi hlight S/N = 4. Boxes: The five subregions defined in Section 2.1. The synthesized beam is shown as the yellow
filled ellipse at lower right. The two white enclosing contours show primary-beam responses of 0.3 (outer) and 0.5 (inner). Only continuum cores enclosed by the inner

white contour are defined (so that the uncertainty from the primary-beam response is limited).
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Figure 11. The CMFs from the cores identified by astrograph, assuming
T, =20K. The error bars are the counting uncertainty ~/N. The black
histogram shows the raw CMF, the blue shows the flux-corrected CMF, and the
red shows the flux- and number-corrected CMF. The bin size is 0.2 dex, and the
bins are centered on 0.1, 1, and 10 M,,. The dashed lines are the power-law fits
to M > 0.79 M.

The Core Mass Function in the Infrared Dark Cloud G28.37+0.07

Shuo Kong
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Figure 13. The CMFs from the cores identified by astrodendro, assuming
T, = 20 K. The error bars are a counting uncertainty ~/N. Three cases of
results are shown with different colors. The black histogram shows the raw
CMF, the blue shows the flux-corrected CMF, and the red shows the flux- and
number-corrected CMF. The bin size is 0.2 dex, and the bins are centered on
0.1, 1, and 10 M. The dashed lines are the power-law fits to M > 0.79 M.
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33 Widespread Molecular Outflows in the Infrared Dark Cloud G28.37+0.07: Indications *°
of Orthogonal Outflow-filament Alignment

Shuo Kong1 , Héctor G. Arce! . Maria José Maureira'? , Paola Caselli’ , Jonathan C. Tan>* , and Francesco Fontani®

We present ALMA CO(2-1) observations toward a massive infrared dark cloud G28.374-0.07. The ALMA data
reveal numerous molecular (CO) outflows with a wide range of sizes throughout the cloud. Sixty-two 1.3 mm
continuum cores were identified to be driving molecular outflows. We have determined the position angle in the
plane-of-sky of 120 CO outflow lobes and studied their distribution. We find that the distribution of the plane-of-
sky outflow position angles peaks at about 100°, corresponding to a concentration of outflows with an
approximately east—west direction. For most outflows, we have been able to estimate the plane-of-sky angle
between the outflow axis and the filament that harbors the protostar that powers the outflow. Statistical tests
strongly indicate that the distribution of outflow-filament orientations is consistent with most outflow axes being
mostly orthogonal to their parent filament in three dimensions. Such alignment may result from filament
fragmentation or continuous mass transportation from the filament to the embedded protostellar core. The latter 1s
suggested by recent numerical studies with moderately strong magnetic fields.

/
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http://adsabs.harvard.edu/abs/2019ApJ...874..104K
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