The Serpens filament: at the onset of slightly supercritical collapse
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Table 1. Observed parameters of the molecular lines used in the work.
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Fig. 1. (a) The WISE 112 um image of the Serpens filament which shows up in absorption. (b) The Herschel 250 um image of the Serpens
filament. The contours start at 0.5 Jy beam™", and increase by 0.5 Jy beam™". In both panels, the three blue circles mark the three embedded YSOs,
embl0, emb16, and emb28 (Enoch et al. 2009), while the white and cyan circles give the selected positions of Source A and Source B (see Sect. 2.1
and Table 1). The beam size is shown in the lower right of each panel.
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Fig. 10. (a) The H> column density image of the Serpens filament obtained from the Herschel Gould belt survey. The contours correspond to
column densities of 6x10?' cm™2, 8x10?" cm™2, and 1x10** cm™2. The extracted crest of the Serpens filament is marked with the blue line. The
emission within the white box is used to derive the radial profile of H, column density. The three black crosses give the positions of the three
embedded YSOs. The beam size is shown in the lower right of this panel. (b) The mean radial profile of H, column densities within the white box
in Fig. 10a. The offsets increase from east to west. A Gaussian fit is indicated by the red line. (c) The mean radial H, column density profile on
the west (yellow) and east (orange) sides of the crest. The red and blue dashed lines represent Plummer-like fits to the east and west (see Fig. 10a)
within a radius range of <0.2 pc, while the cyan and black lines represent the beam-convolved radial profile of Musca-West (Kainulainen et al.
2016) and the Serpens South filament (Kirk et al. 2013). In both Figs. 10a and 10b. The beam size is shown by the brown line.



Filament crestlc;a > 7zCD profile : ~0.85 pc & ~0.26 pcDfragmentation scaleZzR9

~0.85 pc : Filament®fragmentation scale
~0.26 pc : thermal Jeans instability or YSOM' 5 Mfeedback ?
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Fig. 11. (a) The LSR velocity map similar to Fig. 4b but overlaid with the H, column density contours which represent 4x10?!' cm™2 and

6x10?' cm™2. Source B is marked with the red circle, and the three black crosses give the positions of the three embedded YSOs, i.e., em10,
em28, and em16. (b) The column density profile along the crest of the Serpens filament indicated by the blue line in Fig. 11a. The spatial resolu-
tion is ~0.08 pc. The offset increases from south to north. The red line represents a sinusoidal fit to the profile within the offset range of 1.0-1.4
pe. A sinusoidal orange line is created to better visualize the variation at a large scale. () Similar to Fig. 11b but for the C'*O (1-0) velocity. The
four red arrows correspond to the velocity gradients in Fig. 4b, indicated there by black arrows. (d) Similar to Fig. 11c but for the C'30 (1-0) line
widths. In Figs. 11b—11d, the red dashed lines mark the positions of Source B and the YSO emb28.
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Fig. 4. Maps of peak intensities (Fig. 4a), LSR velocities (Fig. 4b), line widths (Fig. 4c), and Mach numbers (Fig. 4d) derived from single-
component Gaussian fits to our C'*0 (1-0) data. The color bars represent main beam brightness temperatures in units of K in Fig. 4a, LSR
velocities in units of kms~" in Fig. 4b, and line widths in units of kms~! in Fig. 4c. Velocity gradients along the filament and perpendicular to the
filament are indicated by the black and red arrows in Fig. 4b, respectively. In all panels, the (0, 0) offset corresponds to @pooo=18"28493642,
G12000=00°5001708, and the three black crosses give the positions of the three embedded YSOs (see Fig. 1). The mean uncertainties in derived
peak intensities, LSR velocities, line widths, and Mach numbers are 0.19 K, 0.02 km s, 0.06 kms™', and 0.1, respectively. The beam size is

shown in the lower right of each panel.
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Fig. 9. (a) The C'*0 (1-0) integrated intensity map similar to Fig. 2b but overlaid with a PV cut indicated by the white dashed line. (b) The PV
diagram of C'*0 (1-0) along the PV cut in Fig. 9a. The channel width of C'®O (1-0) spectra has been binned to 0.1 kms™! to achieve a higher
dynamical range. (c) Similar to Fig. 9b but for HNC (1-0). (d) Similar to Fig. 9b but for CS (2-1). In Fig. 9b—d, the color bars represent main
beam brightness temperatures in units of K, and the black contours represent the C'*0 (1-0) emission starting at 1.5 K (5¢7) with increments of
0.9 K (307). The offsets are given with respect to the center of the PV cut (apop =18"28m50:865, dpoo0 =00°50217799, also indicated by the
white filled circle in Fig. 9a), and increase from southeast to northwest. The resolution element is shown in the lower right of each panel.
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Spitzer, blue : 3.6 um, ,red : 24 um

CO observations toward the isolated mid-infrared bubble GAL 334.53+00.83 (S44): i 907] oy B o
External triggering of O-star formation by a cloud-cloud collision . \
Mikito Kohno!, Kengo Tachihara!, Shinji Fujita', Yusuke Hattori!, Kazufumi Torii?>, Atsushi Nishimura®, 0.9 .
Misaki Hanaoka!, Satoshi Yoshiike!, Rei Enokiya', Keisuke Hasegawa', Akio Ohama'!, Hidetoshi

13

Sano!?, Hiroaki Yamamoto! and Yasuo Fukui 08

Table 1. Observational properties of data sets.
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! Reference : Ladd et al. (2005).

“ The values of the rms noise levels after smoothing the (space and/or velocity) data sets. Fig. 1. (a) Large-scale three-color composite images of S44. Blue, green, and red show the Spitzer/IRAC 3.6-um, Spitzer/IRAC 8-um, and Spitzer/MIPS 24-pim
References [1] Benjamin et al. (2003), [2] Churchwell et al. (2009), [3] Carey et al. (2009, [4] Schuller et results. The jagged white line along the Galactic latitude at b ~ 0°95 shows the observing limit of Spirzer/MIPS 24-m. (b) A close-up image of (a). The colors
al. (2009). [5] Bock et al. (1999) .

are the same as in (a). The pink dotted arrows indicate the pillar-like structures.
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Fig. 12. Schematic image of a cloud-cloud collision scenario based on Habe & Ohta (1992) and Torii et al. (2015, 2017a). Stage | : a 3D image of the initial
condition of the two clouds. Stage Il : a 2D image of the two clouds in the X-Z plane at the time when the two clouds collide with each other. Stage Ill : a 2D
image of the bubble in the X-Z plane. The Y-axis corresponds to the line of sight. The final panel shows the observational result for the two clouds superposed
on the 24 um image.



High spectral resolution observations toward Orion BN at 6 ym: no evidence for hot

water.

Nick Indriolo!, Jonathan C. Tan?3, A. C. A. Boogert?, C. N. DeWitt®, E. J. Montiel®, D. A. Neufeld”

and M. J. Richter®

X4 : Orion BN

&8l : 6.7 um, 6.1 ym, 5.7 um, SOFIAICTEE i /zEchelon-Cross-Echelle Spectrograph (EXES)
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Figure 1. Spectra of Orion BN over the full wavelength range covered by our SOFIA/EXES observations. Each spectrum
corresponds to a separate observation at a different grating setting. Oscillations in the noise level result from the cross-dispersed
nature of the instrument, with higher noise regions coming from the edges of the individual echelle orders. Gaps in the spectra
correspond to regions where telluric water vapor lines reduce transmission levels to near zero. The water absorption lines
discussed herein are all from the spectrum in the middle panel.
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Table 1. Absorption Line Parameters

20
Transition Wavelength  E;/ky VLSR FWHM T0 f‘rdv N;
(pm) (K) (km s™1)  (kms™1h) (km s™1) (10 cm~?)
11,1-00,0 6.116331 0 7.5 5.31+0.2 0.8440.02 4.784+0.19 2.354+0.09
31,2-30,3 6.113771 196.8 8.2 4.340.3 0.21£0.01  0.9540.10 1.67+0.17
i 32,1-31,2 6.075447 249.4 7.8 4.840.4  0.06£0.01 0.314+0.05 0.51£0.08
' 11,1-00,0 6.116331 0 0.4 13.3+£0.8  0.27£0.01 3.76+0.25 1.854+0.12
N 31,2-30,3 6.113771 196.8 0.7 14.7+1.1  0.13£0.01 2.1740.19 3.82+0.33
§ 32,1-31,2 6.075447 249.4 0.6 14.0+1.3 0.07£0.01 1.0040.11 1.6740.20
ﬁ 11,100,0 6.116331 0 —17 8.0+0.2 0.63+0.01 5.4240.16 2.66+0.08
3
>
K NoTE—Transition properties, parameters for the gaussian fits shown in Figure 2, and derived column
€ densities.
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Figure 2. Spectra showing the water absorption lines observed toward Orion BN. Fits to the components at 8 km s™', 301 L L L L L

— — . . 0 50 100 150 200 250 300
0.5 km s™!, and —17 km s™!, are shown by blue, cyan, and green curves, respectively, and the sum of all components is shown as

a red, dashed curve. The top spectrum shows a non-detection of the transition predicted to have the strongest absorption after
1 1

the detected transitions in the observed wavelength range (v2 31,2221 at 6.1068262 pm). Spectra have been shifted vertically Figure 3. Rotation diagrams for the 8 km s™' component (blue) and 0.5 km s™" component (cyan). Color coding corresponds
for clarity. to the gaussian fits shown in Figure 2.
arity.
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Multiple star systems in the Orion nebula

GRAVITY collaboration: Martina Karl!, Oliver Pfuhl!, Frank Eisenhauer', Reinhard Genzel'?2,

This work presents an interferometric study of the massive-binary fraction in the Orion Trapezium Cluster with the
recently comissioned GRAVITY instrument. We observe a total of 16 stars of mainly OB spectral type. We find three
previously unknown companions for ' Ori B, #? Ori B, and 6% Ori C. We determine a separation for the previously
suspected companion of NU Ori. We confirm four companions for 8 Ori A, ' Ori C, 8! Ori D, and 62 Ori A, all with
substantially improved astrometry and photometric mass estimates. We refine the orbit of the eccentric high-mass
binary #' Ori C and we are able to derive a new orbit for #1 Ori D. We find a system mass of 21.7 M and a period
of 53 days. Together with other previously detected companions seen in spectroscopy or direct imaging, eleven of
the 16 high-mass stars are multiple systems. We obtain a total number of 22 companions with separations up to
600 AU. The companion fraction of the early B and O stars in our sample is about 2, significantly higher than in
earlier studies of mostly OB associations. The separation distribution hints towards a bimodality. Such a bimodality
has been previously found in A stars, but rarely in OB binaries, which up to this point have been assumed to be
mostly compact with a tail of wider companions. We also do not find a substantial population of equal-mass binaries.
The observed distribution of mass ratios declines steeply with mass, and like the direct star counts, indicates that our
companions follow a standard power law initial mass function. Again, this is in contrast to earlier findings of flat mass
ratio distributions in OB associations. We exclude collision as a dominant formation mechanism but find no clear
preference for core accretion or competitive accretion.

Accepted by A&A
http://arxiv.org/pdf/1809.10376

VISION - Vienna survey in Orion. III. Young stellar objects in Orion A

Josefa E. Grof3schedl', Joao Alves!, Paula S. Teixeira''?2, Hervé Bouy?, Jan Forbrich!®>%, Charles J. Lada®,
Stefan Meingast!, Alvaro Hacar'”, Joana Ascenso®, Christine Ackerl!, Birgit Hasenberger!, Rainer Kohler',
Karolina Kubiak!, Irati Larreina!, Lorenz Linhardt®, Marco Lombardi'®, Torsten Méller®

We extend and refine the existing young stellar object (YSO) catalogs for the Orion A molecular cloud, the closest
massive star-forming region to Earth. This updated catalog is driven by the large spatial coverage (18.3 deg?, ~950 pc?),
seeing limited resolution (~0.7"), and sensitivity (K, < 19 mag) of the ESO-VISTA near-infrared survey of the Orion A
cloud (VISION). Combined with archival mid- to far-infrared data, the VISTA data allow for a refined and more robust
source selection. We estimate that among previously known protostars and pre-main-sequence stars with disks, source
contamination levels (false positives) are at least ~7% and ~2.5% respectively, mostly due to background galaxies and
nebulosities. We identify 274 new YSO candidates using VISTA/Spitzer based selections within previously analyzed
regions, and VISTA/ WISE based selections to add sources in the surroundings, beyond previously analyzed regions.
The WISFE selection method recovers about 59% of the known YSOs in Orion A’s low-mass star-forming part L1641,
which shows what can be achieved by the all-sky WISE survey in combination with deep near-infrared data in regions
without the influence of massive stars. The new catalog contains 2978 YSOs, which were classified based on the
de-reddened mid-infrared spectral index into 188 protostars, 184 flat-spectrum sources, and 2606 pre-main-sequence
stars with circumstellar disks. We find a statistically significant difference in the spatial distribution of the three
evolutionary classes with respect to regions of high dust column-density, confirming that flat-spectrum sources are at
a younger evolutionary phase compared to ClassIls, and are not a sub-sample seen at particular viewing angles.
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H,CO ortho-to-para ratio in the protoplanetary disk HD 163296
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Ortho-to-para (o/p) ratios of species like water, ammonia and formaldehyde (H,CO) are believed to encode information
about the formation history of the molecule. Measurements of o/p ratios in protoplanetary disks could thus be used
to constrain their physical and chemical histories. We present the first measurement of the HoCO o/p ratio in a
protoplanetary disk, using three ortho and two para lines observed with the Sub-millimeter Array (SMA) combined
with one highly resolved measurement of a single HoCO line with ALMA toward the disk around Herbig Ae star HD
163296. We find a disk-averaged HoCO o/p ratio of 1.8-2.8 (depending on the assumed disk structure), corresponding
to a spin temperature of 11-22 K. We also derive a rotational temperature of 24 K from the flux ratio of the three
ortho lines. The observed spatial distribution, as seen by ALMA, as well as the rotational temperature and the o/p
ratio, at the large scales the SMA is most sensitive to, are consistent with a low-temperature formation pathway, most
likely grain surface chemistry, of HoCO in this disk.
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Capture and Escape: The Dependence of Radiation Forces on Clumping in Dusty En-
velopes
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3H4, Canada
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Dust barriers effectively capture the photon momentum of a central light source, but low-density channels, along
with re-emission at longer wavelengths, enhance its escape. We use Monte Carlo simulations to study the effects of
inhomogeneity on radiation forces imparted to a dust envelope around a central star. We survey the strength and
scale of an inhomogeneous perturbation field, as well as the optical depth of its spherical reference state. We run at
moderate numerical resolution, relying on our previous resolution study for calibration of the associated error. We
find that inhomogeneities matter most when their scale exceeds the characteristic mean free path. As expected, they
tend to reduce the net radiation force and extend its range; however, there is significant variance among realizations.
Within our models, force integrals correlate with the emergent spectral energy distribution, given a specified set of
dust properties. A critical issue is the choice of integral measures of the radiation force: for strong deviations from
spherical symmetry the relevant measures assess radial forces relative to the cloud centre of mass. Of these, we find the
virial term due to radiation to be the least stochastic of several integral measures in the presence of inhomogeneities.
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First hydrodynamics simulations of radiation forces and photoionization feedback
in massive star formation

Rolf Kuiper! and Takashi Hosokawa?

Aims: We present the first simulations of the formation and feedback of massive stars which account for radiation
forces as well as photoionization feedback (along with protostellar outflows). In two different accretion scenarios mod-
eled, we determine the relative strength of these feedback components and derive the size of the reservoir from which
the forming stars gained their masses.

Method: We performed direct hydrodynamics simulations of the gravitational collapse of high-density mass reservoirs
toward the formation of massive stars including self-gravity, stellar evolution, protostellar outflows, continuum radi-
ation transport, photoionization, and the potential impact of ram pressure from large-scale gravitational infall. For
direct comparison, we executed these simulations with and without the individual feedback components.

Results: Protostellar outflows alone limit the stellar mass growth only in an accretion scenario with a finite mass
reservoir; when including accretion and ram pressure from large scales (> 0.1 pc), protostellar outflows do not limit
stellar mass growth at all. Photoionization and HII regions dominate the feedback ladder only at later times, after the
star has already contracted down to the zero-age main sequence, and only on large scales. Specifically, photoionization
yields a broadening of the bipolar outflow cavities and a reduction of the gravitational infall momentum by about 50%,
but does not limit the stellar mass accretion. On the other hand, we find radiation forces restrain the gravitational
infall toward the circumstellar disk, impact the gravito-centrifugal equilibrium at the outer edge of the disk, and
eventually shut down stellar accretion completely. The most massive star formed in the simulations accreted 95 Mg,
before disk destruction; this mass was drawn-in from an accretion reservoir of ~ 240 My and ~ 0.24 pc in radius.
Conclusion: In the regime of very massive stars, the final mass of these stars is controlled by their own radiation force
feedback.
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