/ N W
2T I!

2020/09/04!
SFN 334 #8-#14

RaNBXR (EiIXXE




334 |New insights in the HIl region G18.88!0.49: hub-Plament system and accreting Plaments

#8 L. K. Dewangah D. K. Ojh&, Saurabh SharmaS. del Palacig N. K. Bhadari®*and A. Da%
2020 ApJ 903, 13D

We present an analysis of multi-wavelength observations o&in area of 0.27 ded' 0.27 deg around the Galactic Hi

region G18.88 0.49, which is powered by an O-type star (age# 10° years). The Herschel column density map reveals
a shell-like feature of extensior# 12 pc" 7 pc and mass#2.9" 10* M, around the Hii region; its existence is further
conbrmed by the distribution of molecular (**CO, 3CO, C!80, and NHs) gas at [60, 70] km s'. Four subregions
are studied toward this shell-like feature, and show a massange of# 0.8910.5' 10° M, . These subregions associate
with dense gas are dominated by non-thermal pressure and s@psonic non-thermal motions. The shell-like feature
Is associated with the Hii region, Class | protostars, and a massive protostar candida, illustrating the ongoing

early phases of star formation (including massive stars). Tie massive protostar is found toward the position of the
6.7 GHz methanol maser, and is associated with outl3ow actity. Five parsec-scale bPlaments are identibed in thi
column density and molecular maps, and appear to be radiallydirected to the dense parts of the shell-like feature
This conbguration is referred to as a Ohub-Plament" systenSignibcant velocity gradients (0.8D1.8 km'st pc' 1) are
observed along each blament, suggesting that the moleculagas 3ows towards the central hub along the Plaments
Overall, our observational Pndings favor a global non-isaipic collapse scenario as discussed in Motte et al. (2018
which can explain the observed morphology and star formatia in and around G18.88 0.49.

Table 1
List of di! erent surveys utilized in this paper.

Survey Wavelength/Frequency/line(s) Resolution ( ") Reference
Multi-Array Galactic Plane Imaging Survey (MAGPIS) 20 cm 1 6 Helfand et al. (2006)
The HI/OH/Recombination line survey of the inner Milky Way (THOR) 1b2 GHz I 25 Beuther et al. (2016)
NRAO VLA Sky Survey (NVSS) 21 cm I 45 Condon et al. (1998)
FUGIN survey 2co, '3co, c 80 (3 = 1P0) | 20 Umemoto et al. (2017)
APEX Telescope Large Area Survey of the Galaxy (ATLASGAL) 870 pm 1 19.2 Schuller et al. (2009)
Herschel Infrared Galactic Plane Survey (Hi-GAL) 70D500 pum I 5.8Db37 Molinari et al. (2010a)
Spitzer MIPS Inner Galactic Plane Survey (MIPSGAL) 24 pm 1 6 Carey et al. (2005)
Spitzer Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE) 3.6D8.0 pm 12 Benjamin et al. (2003)
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Figure 1.  a) The panel shows a large-scale view of the complex W39 (selected area ! 1'.2" 1'.2 centered at | = 19'.176; b = #0' .333)
using the Herschel 70 um continuum image. The MAGPIS 20 cm continuum contour (in cyan) is also overplotted with a level of 3.0 mJy
beam’ 1. The ATLASGAL dust continuum clumps at 870 pm (from Urquhart et al. 2018) are also overlaid on the Herschel image (see
hexagon symbols). An asterisk refers to the position of the exciting star(s) ( | = 19'.025; b = #0'.38), which was previously reported by
Kerton et al. (2013) (see also Li et al. 2019). The dotted-dashed box (in yellow) encompasses the area shown in Figure 1b, which is the
target area of this paper. The scale bar referring to 15 pc (at a distance of 5.0 kpc) is shown. b) Three color-composite map ( Spitzer 24 pm
(red), 8.0 um (green), and 3.6 pm (blue) images in log scale) of an area (! 0'.27 " 0'.27 centered at | = 18' .857; b = #0' .469) containing
the H ii regions G18.88# 0.49 and G18.937# 0.434. The position of the H ii region G18.937# 0.434 is obtained from Anderson et al. (2011),
while the position of the H ii region G18.88# 0.49 is taken from Lockman (1989) (see blue crosses). The scale bar referring to 5 pc (at a
distance of 5.0 kpc) is shown. Dashed arrows show the locations of the IRDCs, while solid arrows and dashed circles highlight two MIR
bubbles. The positions of a water maser and a 6.7 GHz methanol maser are marked by an upside down triangle and a star, respectively.
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Figure 3. a) Herschel temperature map. A solid contour (in black) is shown at T4 = 23.7 K in the bgure. b) Herschel column density
(N (H2)) map. Filamentary structures are traced in the column density map at a contour level of 14.1 x 1021 cm! 2 (white contour). A
solid contour (in black), at N (H2) = 21 x 10?* cm' 2, traces a shell-like feature in the bgure. c) Overlay of the N (H2) contours on a
two color-composite map (8.0 pm (red) and 1950 MHz (green) images). A dotted-dashed contour (in yellow) is drawn at N (Hz) = 14.1 x
1021 cm' 2. A solid white contour at N (Hz) = 26.4 x 10?! cm' 2 highlights the four subregions, A, B, C, and D. d) The panel shows a
hub-Plament system around the H ii region G18.88—0.49. A Plled contour displays the shell-like feature at N (H2) =21 x 10?! ecm' 2, A
solid contour (in spring green) at N (H2) = 26.4 x 102! cm' 2 shows the four subregions as labeled in Figure 3c. Five blaments seen in the
Herschel column density map are highlighted by solid lines (fk, B, fm, fn, and fo), and are also labeled in the Pgure. Nine small regions (t1

to t9) are also indicated by boxes in the bPgure, where molecular spectra are extracted (see Figure 4). In each panel, the scale bar, star,
and crosses are the same as in Figure 1b.
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Figure 6. a) FUGIN integrated intensity (or moment-0) map of ~ *3CO (see also Figure 5b). Seven solid lines represent the axes (i.e.,
0i1bi20, Oj1bj20, Ok1bk20, OI1PI20, Om1Pm20, On1bn20, and O01bo20), where position-velocity diagrams are extracted in Figures 9
The dotted box (in white) encompasses the area shown in Figure 6b. b) Overlay of the positions of NH 3 emission (see plus symbols;
from Li et al. 2019) on a two color-composite map (moment-0 map of 13CO (red) and 1950 MHz (green) images). The moment-0 map of
13CO is processed through an OEdge-DoGO algorithm. c) The panel shows a hub-blament system around the H ii region G18.88! 0.49 as
presented in Figure 3d. The panel also displays the positions of Class | YSOs (Plled circles), Bat-spectrum sources (Plled diamonds), and
the ATLASGAL clumps (empty hexagons). We identibed Class | YSOs and Bat-spectrum sources using the Spitzer photometric data (see
Figure 10 and also text for more details). A shell-like feature is shown by a blled tomato contour at ~ N(Hz) =21 " 10?' cm' 2, and a plled
cyan contour at N (Hz) = 26.4 " 10?! cm' 2 highlights four subregions. In each panel, the scale bar is the same as in Figure 1b. In panels
0a0 and ObO, the position of a 6.7 GHz methanol maser is marked by a star.
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Figure 9.

s 1 pc' 1is also drawn to facilitate the tracing of velocity gradients.

Position-velocity diagrams along the axes a) 0i1Bi20, b) 0j1Pj20, c) Ok1Pk20, d) OI1PI20, ) Om1PM20, f) On1PN20, ani
02 001020 as marked in Figure 6a. In each panel, a horizontal dotted-dashed line is shown at V |; = 65 km s' 1, and a reference bar at 1 km
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335 |The structure and characteristic scales of molecular clouds
#9 Sami Dilt, Sylvain BontempE Nicola Schneid@r, Davide EIi§, \olker Ossenkopf-OkaaaMohsen ShadmeH;

Doris Arzoumaniaﬁ, FrzdZrique Motﬁa Mark Heye?, ke Nordlund® and Bilal Ladjelatg
2020 A&A 642, A177

The structure of molecular clouds holds important clues on he physical processes that lead to their formation anc
subsequent dynamical evolution. While it is well establisled that turbulence imprints a self-similar structure to the

clouds, other processes, such as gravity and stellar feedtlg can break their scale-free nature. The break of seli
similarity can manifest itself in the existence of characteistic scales that stand out from the underlying structure

generated by turbulent motions. In this work, we investigate the structure of the Cygnus-X North and the Polaris
Flare molecular clouds which represent two extremes in terra of their star formation activity. We characterize the

structure of the clouds using the delta-variance { -variance) spectrum. In the Polaris Flare, the structure of the cloud

Is self-similar over more than one order of magnitude in spaal scales. In contrast, the! -variance spectrum of Cygnus-
X North exhibits an excess and a plateau on physical scales of 0.5" 1.2 pc. In order to explain the observations
for Cygnus-X North, we use synthetic maps in which we overlaypopulations of discrete structures on top of a fractal
Brownian motion (fBm) image. The properties of these structures such as their major axis sizes, aspect ratios, an
column density contrasts with the fBm image are randomly dravn from parameterized distribution functions. We are
able to show that under plausible assumptions, it is possild to reproduce a! -variance spectrum that resembles the
one of the Cygnus-X North region. We also use a "reverse engaering" approach in which we extract the compact
structures in the Cygnus-X North cloud and re-inject them on an fBm map. The calculated! -variance spectrum using
this approach deviates from the observations and is an indiation that the range of characteristic scales [ 0.5" 1.2
pc) observed in Cygnus-X North is not only due to the existene of compact sources, but is a signature of the whol
population of structures that exist in the cloud, including more extended and elongated structures
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Fig. 1. Column density maps of the Cygnus-X North cloleft) and the Polaris Flare cloudght). Column densities are displayed in units of
visual extinction using the conversidiy, /Ay = 0.94! 10% cm 2.
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Fig. 2. Column density distribution function in the Cygnus-X North cloleft(pane) and the Polaris Flare cloudight pane). The full red lines
in both panels show a bt by a lognormal function in the low column density redife (' cm'? in Cygnus-X North and 1! 10?* cn? in
Polaris). The dashed line is a bt to the power-law regime that is observed in both regions in the intermediate column density regime
triple-dot dashed red line in the case of the Cygnus-X North region is a bt to the shallower power law in the high column density regime



4. Analysis: the ! -variance method

We quantibed the structure of molecular clouds using!the
variance method. The method was originally introduced
Stutzki et al (1999 andZielinsky & StYtzki(1999 and is a gen-
eralization of the Allan varianceA(lan 1966). In this work, we
used an improved version of the method presentéassenkopf
et al.(200852.

Here, we brielly present a summary of the main steps
characteristics of the method. For a 2D b&(K,y), the! -
variance on a scale is debPned as being the variance of t
convolution ofA with a blter functiorl | such that

20 = 5 (A1), )

For the Plter functionDssenkopf et ak20083 recommend
the use of a OMexican hatO that is debned as
r2 I "
euz? %

4
"2 "L2(\2 %1)

2 2
ew2? Ope2? , (2)

L) =

where the two terms on the right side of E2). (epresent the cor:
and the annulus of the Mexican hat function, respectively,\a
is the ratio of their diameters (we used 1.5). For a faster anc
more efbcient computation of EdL)( Ossenkopf et a20083
performed the calculation as a multiplication in Fourier spe
and thus, the -variance is given by

# #
20 = o

> P |2 |? dkdk,, (3)

whereP is the power spectrum @& and!@, is the Fourier trans
form of the blter function. IP can be described by a power la
and if # is the exponent of the power spectrum, then a rela
exists between the exponent of the power law that describe
I -variance $) and# (Stutzki et al.1998, and this is given by

12(L) & L® & L2, (4)

The value of$ can be inferred from the range of spat
scales over which the-variance displays a self-similar behe
ior and can be tied to the value & The error bars of the
I -variance on a given scale are computed from the cour
error determined by the Pnite number of statistically indepen
measurements in the pbltered map and the variance of the
ances (i.e., the fourth moment of the bltered map). Characte
scales are scales at which there is a break of the self-simil
and which show up in thé -variance spectra as break poin
peaks, or inf3ection points. Any underlying self-similar behay
of the cloud can be entirely perturbed on many or all phys
scales if there is a variety of structures that coexist in the cli
The! -variance has been employed to analyze the structui
observed molecular clouds (e.Bgnsch et al200L, Campeggio
et al. 2004 Sun et al.2006 Ossenkopf et al2008h Rowles
& Froebrich 2011, Schneider et al2011;, Russeil et al.2013
Elia et al. 2014 as well as simulated molecular clouds (e.

2 The IDL package for calculating the! -variance can be
found at https://hera.phl.uni-koeln.de/~ossk/Myself/
deltavariance.html
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Fig. 3. Delta-variance functions calculated for the Cygnus-X North cldefd) @nd the Polaris Flare cloudght). The vertical dashed black line:
in both panels mark the position of the spatial resolution for each of these two regions. The vertical dashed red lines in the case of Polari
spatial range over which the power-law bt is performed. We do not attempt any bt in Cygnus-X North because the underlying self-similar
heavily perturbed by the presence of structures (see &8kt.
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1. Start from the fractal Brownian motion (fBm)

2.

image

Include discrete structures to investigate its

impacts to the A-variance spectrum

3. A-variance spectrum in the presence of
entire population of structures characterized

by distribution functions of their sizes,

elongations, and column density contrasts

uc- In summary, we are able to show that it is possible to re
utece ! -variance spectra that resemble that of the Cygnt
Neeth region under reasonable assumptions of the size ¢
thutions of structures, their aspect ratios, and column de
~contrasts. Broadly speaking, reproducing th@ariance spec
atum of the Cygnus-X North region requires a size distribui
that is steeper than the size distribution of structures detect
1€0 surveys, such as the HCS survey, and shallower than th
dnferred from the Hi-GAL submm survey. We also show that
observations are best btted when structures are allowed tc
Jaspect ratios that are predominanit.



Fig. 4.fBm images with = 2.5 and with resolutions 250! 250pix-
els top lefy, 500! 500 pixels top right), and 1000! 1000 pixels
(bottom lef}. The! -variance spectra for all three cases are comp
in the bottom-right subpanelAll display a self-similar regime with a
exponent of the power law df = ! " 2 (i.e., Eq. @)). All maps are
normalized by their own mean value, and the vertical offset bet
the thred -variance functions simply reBects the effect of this diffel

normalization.
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is varied in the range [1-10], and all have a value of 6. = 5 and a fixed
size of oy = 50 pixels. All maps are normalized to their mean value.
Bottom-right bgurecorresponding ! -variance functions calculated for
each case, and these are compared to the ! -variance function of the
underlying fBm image.
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Fig. 9. 2D Gaussian structures injected on top of an fBm image '
| = 2.4. The Gaussian functions all have an aspect rat00.2, a col-
umn density contrast between the peak of the 2D Gaussian and the
value of the fBm,". = 3, and a value of,; that is varied betweeh50
and16.67 pixels. Bottom-right Pgurecorresponding -variance func-
tions calculated for each case, and these are compared!teviuigance
function calculated for the underlying fBm image.

Fig. 11. Fractional probability distribution functions of the size of the major aleft)(and aspect ratio of cloudsn{ddle found in the250um
maps of the Hi-GAL surveyNlolinari et al.2016 Elia et al. 2017; full line) and in th#CO FCRAO HCS surveyHeyer et al2001; Dib et al.2009
dashed line). The distribution of column density contrast is assumed to be a power law. The distributipasdf are btted with parameterize
functions. The values of the parameters of the bt are reported in the main text.
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335 |The First Extensive Spectroscopic Study of Young Stars in the North America and Pelican
#10! |Nebulae Region

Min Fand, Lynne A. Hillenbrand Jinyoung Serena KifmKrzysztof Findeiseh Gregory J. HerczégJohn M.
Carpentet, Luisa M. Rebufiand Hongchi Wanfg

2020 ApJ 904, 146F

We present a spectroscopic survey of over 3400 potential mdrers in the North America and Pelican nebulae (NAP)
using several low-resolution (R 1300-2000) spectrographs: Palomar/Norris, WIYN/HYDRA, K eck/DEIMOS, and
MMT/Hectospec. We identify 580 young stars as likely membes of the NAP region based on criteria involving
infrared excess, Li | 6708 absorption, X-ray emission, parféax, and proper motions. The spectral types of individual
spectra are derived by btting them with templates that are ether empirical spectra of pre-main sequence stars, (
model atmospheres. The templates are artibcially veiled, @d a best-bt combination of spectral type and veilinc
parameter is derived for each star. We use the spectral typewith archival photometry to derive V-band extinction

and stellar luminosity. From the H-R diagram, the median ageof the young stars is about 1 Myr, with a luminosity
dispersion of# 0.3D0.4 dex. We investigate the photometric variability ofthe spectroscopic member sample using ZT
data, and conclude that photometric variability, while pre sent, does not signibcantly contribute to the luminosity
dispersion. While larger than the formal errors, the luminosity dispersion is smaller than if veiling were not taken
into account in our spectral typing process. The measured ags of stellar kinematic groups, combined with inferrec
ages for embedded stellar populations revealed by Spitzesuggests a sequential history of star formation in the NAF
region.



335 |The chemical structure of young high-mass star-forming clumps: (ll) parsec-scale CO
#11 |depletion and deuterium fraction of HCO*

S. Fendg?3 D. Li*4 P. Caselfi, F. D"/, Y. Lin®, O. SipilS, H. Beuthet, Patricio SanhueZaK. Tatematstf*'! S. .
Liu?, Q. Zhand? Y. Wand, T. Hoggeé?, I. Jimenez-Sert4, X. Lud, T. Liu®®, K. Wangd®, Z. Y. Zhang’, S. ZahorecZ'®
G. Li'% H. B. LiYand J. Yuah

2020 ApJ 901, 145F

The physical and chemical properties of cold and dense molatar clouds are key to understanding how stars form
Using the IRAM 30 m and NRO 45 m telescopes, we carried out a Mdiwavelength line-Imaging survey of the 70um
dark and bright clOuds (MIAO). At a linear resolution of 0.1D 0.5 pc, this work presents a detailed study of parsec-sca
CO depletion and HCO™ deuterium (D-) fractionation toward four sources (G 11.38+0.81, G 15.22-0.43, G 14.49-0.1.
and G 34.74-0.12) included in our full sample. In each sourcaith T < 20K and ny ! 10*B10°cm’ 3, we compared
pairs of neighboring 70um bright and dark clumps and found that (1) the H, column density and dust temperature
of each source show strong spatial anticorrelation; (2) thespatial distribution of CO isotopologue lines and dense
gas tracers, such as 1D0 lines #f:3CO* and DCO™", are anticorrelated; (3) the abundance ratio betweenC*®0O and
DCO™* shows a strong correlation with the source temperature; (4)both the C20O depletion factor and D-fraction
of HCO™ show a robust decrease from younger clumps to more evolveduchps by a factor of more than 3; and (5)
preliminary chemical modeling indicates chemical ages ofur sources are! 8" 10* yr, which is comparable to their
free-fall timescales and smaller than their contraction tmescales, indicating that our sources are likely dynamicdy
and chemically young.



335 |Hydrodynamical simulations of protoplanetary disks including irradiation of stellar pho- tons.
#12 |- Resolution study for Vertical Shear Instability (VSI)

Lizxandra Flores-RivefaMario Flock and Ryohei Nakatahi
2020 A&A 644A, 50F

In recent years hydrodynamical (HD) models have become impant to describe the gas kinematics in protoplanetary
disks, especially in combination with models of photoevapration and/or magnetic-driven winds. Our aim is to

investigate how the Vertical Shear Instability (VSI) could inBuence the thermally-driven winds on the surface o
protoplanetary disks. In this brst part of the project, we focus on diagnosing the conditions of the VSI at the highes
numerical resolution ever recorded and allude at what resaition per scale height we obtain convergence. At the sam
time, we want to investigate the vertical extent of VSI activity. Finally, we determine the regions where EUV, FUV
and X-Rays are dominant in the disk. We perform global HD simdations using the PLUTO code. We adopt a global
iIsothermal accretion disk setup, 2.5D (2 dimensions, 3 comgnents) which covers a radial domain from 0.5 to 5.0 and al
approximately full meridional extension. Our simulation r uns cover a resolution from 12 to 203 cells per scale heigf
We determine the 50 cells per scale height to be the lower linhito resolve the VSI. For higher resolutions, greater
than 50 cells per scale height, we observe the convergence tbe saturation level of the kinetic energy. We are alsc
able to identify the growth of the ObodyO modes, with higherawth rate for higher resolution. Full energy saturation

and a turbulent steady state is reached after 70 local orbits We determine the location of the EUV-heated region
debned by the radial column density to be 18’ cm' 2 located at Hg ! 9.7 and the FUV/X-Rays-heated boundary
layer debned to be 1& cm' ? located at Hg ! 6.2, making it necessary to introduce the need of a hot atmodgere.
For the Prst time, we report the presence of small scale vorties in the r-Z plane, between the characteristic layers c
large scale vertical velocity motions. Such vortices couldead to dust concentration, promoting grain growth. Our
results highlight the importance to combine photoevaporaion processes in the future high-resolution studies of th
turbulence and accretion processes in disks.



335 |Lupus DANCe. Census of stars and 6D structure with Gaia-DR2 data

#13 |P.A.B. Gallt, H. Bouy, J. Olivare§ N. Miret-Roid, R.G. Vieir&, L.M. Sarrd, D. Barradé, A. Berihueté, C. Bertout,
E. Bertirfand J.C. Cuillandre
2020 A&A 643A, 148G

Context: Lupus is recognised as one of the closest star-forming rexis, but the lack of trigonometric parallaxes in the
pre-Gaia era hampered many studies on the kinematic properties of ths region and led to incomplete censuses of i
stellar population.

Aims: We use the second data release of th&aia space mission combined with published ancillary radial vedcity
data to revise the census of stars and investigate the 6D stieture of the Lupus complex.

Methods We performed a new membership analysis of the Lupus assotian based on astrometric and photometric
data over a beld of 160 degaround the main molecular clouds of the complex and comparedhe properties of the
various subgroups in this region.

Results We identibed 137 high-probability members of the Lupus assciation of young stars, including 47 stars
that had never been reported as members before. Many of the &iiorically known stars associated with the Lupus
region identiPed in previous studies are more likely to be Bé stars or members of the adjacent Scorpius-Centauru
association. Our new sample of members covers the magnitudend mass range fromG " 8to G" 18 mag and from
0.03 to 2.4 M, respectively. We compared the kinematic properties of thestars projected towards the molecular
clouds Lupus 1 to 6 and showed that these subgroups are locateat roughly the same distance (about 160 pc) anc
move with the same spatial velocity. Our age estimates infared from stellar models show that the Lupus subgroups
are coeval (with median ages ranging from about 1 to 3 Myr). The Lupus association appears to be younger tha
the population of young stars in the Corona-Australis starforming region recently investigated by our team using
a similar methodology. The initial mass function of the Lupus association inferred from the distribution of spectral
types shows little variation compared to other star-forming regions.

Conclusions In this paper, we provide an updated sample of cluster memhs based onGaia data and construct the
most complete picture of the 3D structure and 3D space motiorof the Lupus complex.




335 |A photoionized accretion disk around a young high-mass star

#14 |Andres E. GuzmanParicio Sanhuezg, Luis Zapatd Guido Garafand Luis Felipe Rodriguéz
2020 ApJ 904, 77G

We present high spatial resolution 62 au) observations of the high-mass young stellar object (HMYSO) G345.4938+01.467
made using the Atacama Large Millimeter/sub-millimeter Ar ray (ALMA). This O-type HMYSO is located at 2.38

kpc and it is associated with a luminosity of 1.5! 10°L, . We detect circumstellar emission from the 88! hydrogen
recombination line showing a compact structure rotating pependicularly to the previously detected radio jet. We
interpret this emission as tracing a photo-ionized accretn disk around the HMYSO. While this disk-like structure
seems currently too small to sustain continued accretion, he data present direct observational evidence of how disks
can € ectively survive the photo-ionization feedback fromyoung high-mass stars. We also report the detection of a
low-mass young stellar object in the vicinity of the HMYSO and suggest that it forms a high-mass and low-mass star
binary system.



