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Are massive dense clumps truly sub-virial? A new analysis using Gould Belt ammonia
" data

Ayushi Singh, Christopher D. Matzner, Rachel K. Friesen, Peter G. Martin, Jaime E. Pineda, Erik W.

Rosolowsky, Felipe Alves, Ana Chacén-Tanarro, Hope How-Huan Chen, Michael Chun-Yuan Chen, Spandan

ABSTRACT

Dynamical studies of dense structures within molecular clouds often conclude that the most massive
clumps contain too little kinetic energy for virial equilibrium, unless they are magnetized to an unex-
pected degree. This raises questions about how such a state might arise, and how it might persist long
enough to represent the population of massive clumps. In an effort to re-examine the origins of this
conclusion, we use ammonia line data from the Green Bank Ammonia Survey and Planck-calibrated
dust emission data from Herschel to estimate the masses and kinetic and gravitational energies for
dense clumps in the Gould Belt clouds. We show that several types of systematic error can enhance
the appearance of low kinetic-to-gravitational energy ratios: insufficient removal of foreground and
background material; ignoring the kinetic energy associated with velocity differences across a resolved
cloud; and over-correcting for stratification when evaluating the gravitational energy. Using an analysis
designed to avoid these errors, we find that the most massive Gould Belt clumps harbor virial motions,
rather than sub-virial ones. As a byproduct, we present a catalog of masses, energies, and virial energy
ratios for 85 Gould Belt clumps.
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Abstract

The virial ratio between kinetic and gravitational terms provides key insight into the balance of forces that confine
a molecular cloud, but the clumpy and filamentary structures of resolved clouds make it difficult to evaluate this
ratio in a consistent way. For clouds with resolved maps of column density as well as a line tracer, we demonstrate
that the gravitational energy can be estimated directly from observations in a manner similar to the kinetic energy.
This offers improved diagnostic power and consistency. Disentangling a cloud from foreground and background
materials is a persistent challenge, for which we introduce a strategy based on Abel’s transform. We provide proofs
of principle using simulated clouds.

Key words: ISM: clouds — ISM: kinematics and dynamics — ISM: structure — methods: data analysis
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Table 1. Cloud regions and adopted distances
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Cloud Herschel Name  Adopted Distance
[pc]
B1 Perseus 301»
L1448 Perseus 288»
L1451 Perseus 279*
L1455 Perseus 235k
NGC1333 Perseus 293¢
Perseus Perseus 235k
1C348 Perseus 320°
B18 Taurus 126.64
HC2 Taurus 138.64
1C5146 IC5146 831¢
Cepheus L1228 Cepheus 346f
Cepheus L1251 Cepheus 346f
CrA west Corona Australis 154%
CrA east Corona Australis 154¢
L1688 Ophiuchus 138.48
L1689 Ophiuchus 14428
Serpens MWC279 Serpens 4378
OrionA Orion A 388:
OrionA S Orion A 498
OrionB NGC2023-2024 Orion B 420¢
OrionB NGC2068-2071 Orion B 388¢
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FEHT 51

- Abel reconstruction (Tbulk &% L, BM92 & LLER)
- Edge interpolation: edgeM oM I TNV % & T (edge N XA HE)

- No bg/fg correction

Table 2. Impact of analysis choices for Cepheus L1251-1

Quantity Abel Edge Interp. No bg./fg. corr.
M, [Mg)] 56.2 43.2 82.6
R [pc] 0.32 0.32 0.32
oq [km/s] 0.59 0.6 0.58
[Wer2p| [erg] 5.68 x 104 3.62 x 1044 1.08 x 1045
Te1.2p lerg] 583 x 104 4.59 x 1044 8.2 x 1044
Touik [erg] 3.99 x 10%  3.16 x 10*4 5.55 x 1044
QSMI19 2.05 2.54 1.52
asmi19 (No Touik) 0.65 0.79 0.49
aABMO2 2.3 3.05 1.49
aABMO2 (NO Tbulk) 0.73 0.95 0.48

NOTE—Columns indicate method used to remove foreground and back-
ground emission from ¥ : our fiducial A bel-transform reconstruction,
interpolation from the clump boundary, or no correction at all. Rows
marked ‘No 'TM(’ indicate that resolved kinetic energy is omitted

from 7., and 0.
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Figure 5. Estimates for o, compared. We present only quadratic fits, suppressing individual clump data for clarity; each fit is
plotted only over the appropriate range of M. In each line pair, Tohulk is included on the top line and excluded on the bottom
line. Analysis choices can lead a being underestimated by a factor of up to 3.5 at Ma = 100 Mg, relative to asmiio with Abel
reconstruction and including Tyui (our recommended best-practices evaluation).
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39. Chemical compositions in the vicinity of protostars in Ophiuchus
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Kotomi Taniguchi, Liton Majumdar, Adele Plunkett, Shigehisa Takakuwa, Dariusz C. Lis, Paul F. Goldsmith,
Fumitaka Nakamura, Masao Saito, Eric Herbst % We have analyzed Atacama Large Millimeter/submillimeter
Array (ALMA) Cycle 4 Band 6 data toward two young stellar objects (YSOs), Oph-emb5 and Oph-emb9, in the
Ophiuchus star-forming region. The YSO Oph-emb5 is located in a relatively quiescent region, whereas Oph-emb9
is irradiated by a nearby bright Herbig Be star. Molecular lines from cyclic-C3Hy (e-C3Hy), Ho,CO, CH30H, 13CO,
C'®0, and DCO™ have been detected from both sources, while DCN is detected only in Oph-emb9. Around Oph-emb5,
c-C3Hs is enhanced at the west side, relative to the IR source, whereas HoCO and CH;OH are abundant at the east
side. In the field of Oph-emb9, moment 0 maps of the ¢-C3H; lines show a peak at the eastern edge of the field of
view, which is irradiated by the Herbig Be star. Moment 0 maps of CH3OH and H,CO show peaks farther from the
bright star. We derive the N (¢-C3Hs)/ N(CH30H) column density ratios at the peak positions of --C3H; and CH3;0H
near each YSO, which are identified based on their moment 0 maps. The N(c-C3Hy)/N(CH30H) ratio at the -C3H,
peak is significantly higher than at the CH;OH peak by a factor of ~ 19 in Oph-emb9, while the difference in this
column density ratio between these two positions is a factor of ~ 2.6 in Oph-emb5. These differences are attributed
to the efficiency of the photon-dominated region (PDR) chemistry in Oph-emb9. The higher DCO* column density
and the detection of DCN in Oph-emb9 are also discussed in the context of UV irradiation flux.

Oph-emb5 (2MASS/IRAC FLAT source in Oph-B2 region)
-J162721 (Kamazaki+2019& G Usource)

Oph-emb9 ( Class-I outflow source in Oph-A region)
- GY-30 (Kamazaki+2001, 03, Kawabe+2018&[E L)
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FUV B @ Chemistry

Small hydro-carbons, c-C3H2, C2H
- FUV T Tabundant. PDREZrL—X 9 B9 F (Tiwari +2019)
deuterated molecules, DCO+ & HCN
- DCO+: formation in gas phase (cold environment)
(can exist in both cold and warm regions)
- DCN : efficient formation in warmer regions (e.g.,[RI8 2 2% )

H,D™ + CO — DCO™ + Ho. (1) <30K
HCO" +D — DCO™ + H. (2) >30K

(CH,DY+ Hy — CH,D* + h, (3)
CH,D* + e~ — CHD + H + H, (4) CCHyD )4 ¢~ — CHD 4+ H, (6)

CHD + N DCN +H, (5)

(CH2D+ can survive 30 K< T < 100K)
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Globules and pillars in Cygnus X III. Herschel and upGREAT /SOFIA far-infrared spec-
36. troscopy of the globule IRAS 20319+3958 inCygnus X

N. Schneider, M. Roellig, E. T. Polehampton, F. Comeron, A. A. Djupvik, Z. Makai, C. Buchbender, R. Simon,
S. Bontemps, R. Guesten, G. White, Y. Okada, A. Parikka, N. Rothbart % IRAS 2031943958 in Cygnus X South
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Fig. 3. Herschel view of the globule. From keft to right: column density (contours 1.3, 1.8, 2.3, 2.8 102 cm?), temperature (contours 17.1, 17.5,
19, 21, 23, 25 K), and UV-flux map (contours 150, 200, 500, 1000, 2000 G.) of the globule obtained from Herschel. These images are cut-outs
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38 Kinetic temperature of massive star-forming molecular clumps measured with formalde-
" hyde IV. The ALMA view of N113 and N159W in the LMC

X. D. Tang, C. Henkel, K. M. Menten, Y. Gong, C. -H. R. Chen, D. L. Li, M. -Y. Lee, J. G. Mangum, Y.
P. Ao, S. Miihle, S. Aalto, S. Garcia-Burillo, S. Martin, S. Viti, S. Muller, F. Costagliola, H. Asiri, S. A.

ABSTRACT

We mapped the kinetic temperature structure of two massive star-forming regions, N113 and N159W, in the Large Magellanic Cloud
(LMC). We have used ~1”6 (~0.4 pc) resolution measurements of the para-H,CO Jx k. = 303—202, 322221, and 3,,—2,, transitions
near 218.5 GHz to constrain RADEX non-LTE models of the physical conditions. The gas kinetic temperatures derived from the
para-H,CO line ratios 3,,—25; /303202 and 3,;—250/303—20, range from 28 to 105 K in N113 and 29 to 68 K in N159W. Distributions of
the dense gas traced by para-H,CO agree with those of the 1.3 mm dust and Spirzer 8.0 um emission, but do not significantly correlate
with the Ha emission. The high kinetic temperatures (T, = 50 K) of the dense gas traced by para-H,CO appear to be correlated with
the embedded infrared sources inside the clouds and/or YSOs in the N113 and N159W regions. The lower temperatures (7, <50 K)
are measured at the outskirts of the H,CO-bearing distributions of both N113 and N159W. It seems that the kinetic temperatures of the
dense gas traced by para-H,CO are weakly affected by the external sources of the Ha emission. The non-thermal velocity dispersions
of para-H,CO are well correlated with the gas kinetic temperatures in the N113 region, implying that the higher kinetic temperature
traced by para-H,CO is related to turbulence on a ~0.4 pc scale. The dense gas heating appears to be dominated by internal star

formation activity, radiation, and/or turbulence. It seems that the mechanism heating the dense gas of the star-forming regions in the
LMC is consistent with that in Galactic massive star-forming regions located in the Galactic plane.
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forming region with the Atacama Compact Array (ACA) of the Atacama Large Millimeter/submillimeter Array
(ALMA) in Band 3. Observations with 10000 au scale beam reveal the chemical composition at the clump scale. The

Abstract

We have conducted mapping observations toward the n3 and n5 positions in the NGC 2264-
D cluster-forming region with the Atacama Compact Array (ACA) of the Atacama Large
Millimeter/submillimeter Array (ALMA) in Band 3. Observations with 10000 au scale beam
reveal the chemical composition at the clump scale. The spatial distributions of the observed
low upper-state-energy lines of CH3OH are similar to those of CS and SO, and the HC3N emis-
sion seems to be predominantly associated with clumps containing young stellar objects. The
turbulent gas induced by the star formation activities produces large-scale shock regions in
NGC 2264-D, which are traced by the CH30H, CS and SO emissions. We derive the HC3N,
CH3;CN, and CH3CHO abundances with respect to CH3OH. Compared to the n5 field, the
n3 field is farther (in projected apparent distance) from the neighboring NGC 2264-C, yet the
chemical composition in the n3 field tends to be similar to that of the protostellar candidate
CMM3 in NGC 2264-C. The HC3;N/CH3OH ratios in the n3 field are higher than those in the n5
field. We find an anti-correlation between the HC3;N/CH3OH ratio and their excitation temper-
atures. The low HC;N/CH;OH abundance ratio at the n5 field implies that the n5 field is an
environment with more active star formation compared with the n3 field.
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ABSTRACT

We have analyzed the data from a large-scale CO survey toward the northern region of the Small
Magellanic Cloud (SMC) obtained with the Atacama Compact Array (ACA) stand-alone mode of
ALMA. The primary aim of this study is to comprehensively understand the behavior of CO as an
H, tracer in a low-metallicity environment (Z ~ 0.2 Z;)). The total number of mosaic fields is ~8000,
which results in a field coverage of 0.26 degree? (~2.9 x10° pc?), corresponding to ~10% area of the
galaxy. The sensitive ~2pc resolution observations reveal the detailed structure of the molecular
clouds previously detected in the single-dish NANTEN survey. We have detected a number of compact
CO clouds within lower Hy column density (~10%° cm~2) regions whose angular scale is similar to the
ACA beam size. Most of the clouds in this survey also show peak brightness temperature as low as
<1K, which for optically thick CO emission implies an emission size much smaller than the beam
size, leading to beam dilution. The comparison between an available estimation of the total molecular
material traced by thermal dust emission and the present CO survey demonstrates that more than
~90% Hs gas cannot be traced by the low-J CO emission. Our processed data cubes and 2-D images
are publicly available.



