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Multiple Components of the Outflow in the Protostellar System HH 212:
Outer Outflow Shell, Rotating Wind, Shocked Wind, and Jet

J. A. L6rez-VAzQuEz @1 * CHIN-FEI LEE®,! HsienN SHane @,! Syrvie CaBriT ©,%2 RuBEN KrasNOPOLSKY ©,!
CrauDIO CoDELLA ®,* CHUN-FAN Liu ©@,! Linpa Pobpio @,* SomnaTH DutTa @, A. MURPHY ®,! AND
JENNIFER WISEMAN ®°

We present the Atacama Large Millimeter/submillimeter Array Band 7 observations of the CO
(J = 3 —2) line emission of the protostellar system HH 212 at ~24 au spatial resolution and compare
them to those of the SiO (J =8 — 7) and SO (J = 8 — 7) line emission reported in the literature. We
find that the CO line traces four distinct regions: (1) an outer outflow shell, (2) a rotating wind region
between the SiO and CO shells, (3) the shocked and wide-angle inner X-wind inside a SiO shell, and
(4) the jet. The origin of the CO outer outflow shell could be associated with the entrained material
of the envelope, or an extended disk wind. The rotating wind, which is shocked, is launched from
a radius of 9 — 15au, slightly exterior to that of the previously detected SO shell, which marks the
boundary where the wide-angle X-wind is interacting with and shocking the disk wind. Additionally,
the SO is found to be mixed with the CO emission within the thick and extended rotating wind region.
The large scale CO shocked wind coexists with the SO emission near the upper portion of the inner
shocked region converged on top of the inner SiO knots. The CO jet is traced by a chain of knots with
roughly equal interval, exhibiting quasi-periodicity, as reported in other jets in the literature.

CO SiO SO
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4.2. Origin of the CO Emission and the Molecular Outflow
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Sulfur-bearing molecules in a sample of early star-forming cores

N. C. Martinez"2, S. Paron', M. E. Ortegal, A. Petriella!, A. Alamo®!, M. Brook? !, C. Carballo*!, and T. chcrling1

Aims. The sulfur content in dense molecular regions is highly depleted in comparison to diffuse clouds. Given that the reason of this
phenomenon is unclear, it is necessary to carry on observational studies of sulfur-bearing species towards dense regions, mainly at
early evolutive stages. In this line, analysis of sulfur bearing molecules in a large sample of dense starless molecular cores is of great
importance to help to uncover the early sulfur chemistry in such regions.

Methods. From the Atacama Large Millimeter Array (ALMA) data archive, we selected a project in Band 7 (275-373 GHz), which
contains the emission of several sulfur-bearing species, done towards a sample of 37 dense cores embedded in the most massive
infrared-quiet molecular clumps from the ATLASGAL survey. Lines of 80, SO,, NS, SO, SO*, and H,CS were analyzed and
column densities of each molecular species were obtained. From the continuum emission, and two CH;OH lines, the 37 cores were
characterized in density and temperature, and the corresponding H; column densities were derived. The abundances of such sulfur-
bearing species were derived and studied.

Results. We find that the abundances of the analyzed sulfur-bearing species increase with the growth of the gas temperature. From
the correlation between abundances and temperature, we suggest that the chemistry involved in the formation of each of the analyzed
molecule may have a similar dependence with T} in the range 20 to 100 K. Additionally we find that the comparisons among abun-
dances are, in general, highly correlated. Taking into account that such correlation decreases in more evolved sources, we suggest that
the sulfur-bearing species here analyzed should have a similar chemical origin. Our observational results give support to the use of the
X(S0,)/X(SO) ratio as a chemical clock of molecular cores. From the line widths of the molecular lines we point out that molecules
with oxygen content (**SO, SO,, SO, and SO*) may be associated with warmer and more turbulent gas than the other ones. H,CS
and NS are associated with more quiescent gas, probably in the external envelopes of the cores, tracing similar physical and chemical
conditions. This work not only complement, with a large sample of sources, recent similar works done towards more evolved sources,
but also it gives quantitative information about abundances that could be useful in chemical models pointing to explain the sulfur
chemistry in the interstellar medium.



Sulfur-bearing molecules in a sample of early star-forming cores
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S-bearing
AL MA S dense core
ATRASGAL 8n-(n) Molecule Transition Rest Freq. (GHz)

S0 7(8)-6(7) 333.900
SO, v=0  8(2,6)-7(1,7) 334.673
NS v=0 15/2-13/2 346.221
SOv=03%Z 9(8)-8(7) 346.528
SO* 15/2-13/2 (1/2) 1=f 348.115

H,CS 10(1,9)-9(1.8) 348.534




37 S
Absorption
Wing Gaussian fit
Table 4. LTE column densities (x10" cm2).
Core N(SO*) Error N(H,CS) Error N(NS) Error N(SO) Error N(**SO) Ermor N(SO;) Error
1 - - 92.00 4.68 8.88 0.73 7.84 0.23 1.93 0.19 7.58 0.17
2 2.60 0.30 214.00 16.80 34.80 2.13 23.60 1.09 6.51 0.43 18.10 0.37
3 1.60 0.15 112.00 12.80 12.80 1.53 12.70 0.54 3.24 0.19 15.00 0.51
4 1.84 0.22 152.00 4.68 35.90 1.66 25.80 0.43 5.54 0.16 30.20 0.91
5 0.57 0.22 26.40 4.06 6.20 0.06 4.75 0.24 0.64 0.16 1.43 0.21
6 5.35 0.52 243.00 22.80 48.40 3.79 27.20 0.97 11.00 0.53 56.40 1.70
7 15.40 0.82 527.00 37.40 75.00 2.33 6.44 1.53 27.60 1.79 106.00 4.62
8 1.78 0.30 91.20 9.67 3.36 0.73 17.00 0.86 2.38 0.16 10.40 0.37
9 5.35 0.45 323.00 16.20 17.20 0.86 43.30 2.04 6.58 0.56 28.80 1.84
10 0.87 0.22 28.60 2.50 2.06 0.20 6.01 0.28 0.53 0.09 2.89 0.06
11 4.14 0.22 361.00 9.36 29.60 2.06 32.10 0.95 8.50 0.49 12.60 0.91
12 0.72 0.15 78.00 2.50 8.39 0.39 7.90 0.22 0.48 0.33 0.85 0.03
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A Wideband Chemical Survey of Massive Star-forming Regions at Subarcsecond Resolution with the
Submillimeter Array

CHARLES J. Law ©.1* Qizaou Zuance (9.2 ArieLLE C. FroMMmER 22 KARIN 1. OBERG D2
RoOBERTO GALVAN-MADRID {22 Eric KETO,2 HAUYU BAOBAB Liv (245 PauL T. P. Ho 8
ANDREs F. Izquierpo 2,%%9* anxp L. ILSEDORE CLEEVEs D!

Massive star-forming regions exhibit a rich chemistry with complex gas distributions, especially on
small scales. While surveys have yielded constraints on typical gas conditions, they often have coarse
spatial resolution and limited bandwidths. Thus, to establish an interpretative framework for these
efforts, detailed observations that simultaneously provide high sensitivity, spatial resolution, and large
bandwidths for a subset of diverse sources are needed. Here, we present wideband (/32 GHz) Submil-
limeter Array observations of four high-mass star-forming regions (G28.20-0.05, G20.08-0.14 N, G35.58-
0.03, W33 Main) at subarcsecond resolution, where we detect and spatially-resolve 100s of lines from
over 60 molecules, including many complex organic molecules (COMs). The chemical richness of our
sample 1s consistent with an evolutionary sequence from the line-rich hot cores and HC H II regions
of G28.20-0.05 and G20.08-0.14 N to the more chemically-modest UC H II regions in G35.58-0.03,
followed by the molecule-poor H II region W33 Main. We detect lines across a range of excitation
conditions (E,~20 to 2800 K) and from numerous isotopologues, which enables robust estimates of
gas properties. We derive nearly constant COM column density ratios that agree with literature values
in other low- and high-mass protostellar cores, supporting the idea that COM abundances are set
during the pre-stellar phase. In all regions, we i1dentify spatial offsets among different molecular fami-
lies, due to a combination of source physical structure and chemistry. In particular, we find potential
evidence of carbon grain sublimation in G28.20-0.05 and identify an elemental oxygen gradient and
rich sulfur-chemistry in G35.58-0.03. Owverall, these results demonstrate that the SMA’s wide band-
width 1s a powerful tool to untangle the complex molecular gas structures associated with massive star
formation.



Source dist. Deac Vays | M, Menv gas Region
(kpc) (kpc)  (kms™1) (Lo) (Mo) (Mo) Type
G28.20-0.05 57703 M 46M 954 1.4x10° B 40 [ 25 4 HC H 11+ HMC &#
G20.08-0.14 N 123707 [ 530 42006 66 x10° 67 34 (6] 35-95 (0] UC+HC H1I [
G35.58-0.03 102758 Bl 60 5250 29.84x10® B9 2464 9 2774471 110 UCHI @
W33 Main 247017 M 54 M 341 B 4.5 %105 [*2] 189 [13] 3965 112 H 11(*4]
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