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The role of molecular filaments in the origin of the prestellar core
mass function and stellar initial mass function
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The Transition from a Lognormal to a Power-law Column Density Distribution in Molec-
ular Clouds: An Imprint of the Initial Magnetic Field and Turbulence

Sayantan Auddy!, Shantanu Basu? and Takahiro Kudoh?

I Institute of Astronomy and Astrophysics, Academia Sinica, Taipei 10617, Taiwan; 2 Department of Physics and
Astronomy, The University of Western Ontario, London, ON N6A 3K7, Canada; ® Faculty of Education, Nagasaki
University, 1-14 Bunkyo-machi, Nagasaki 852-8521, Japan
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We introduce a theory for the development of a transitional column density YXpp between the lognormal and the power-
law forms of the probability distribution function (PDF) in a molecular cloud. Our turbulent magnetohydrodynamic
simulations show that the value of X1p increases as the strength of both the initial magnetic field and turbulence
increases. We develop an analytic expression for Ypp based on the interplay of turbulence, a (strong) magnetic field,
and gravity. The transition value Yp scales with M3, the square of the initial sonic Mach number, and 3y, the initial
ratio of gas pressure to magnetic pressure. We fit the variation of Xrp among different model clouds as a function of
M2p0, or equivalently the square of the initial Alfvénic Mach number M_?m. This implies that the transition value
Yrp 1s an imprint of cloud initial conditions and is set by turbulent compression of a magnetic cloud. Physically, the
value of Y1p denotes the boundary above which the mass-to-flux ratio becomes supercritical and gravity drives the
evolution.
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Probing the initial conditions of high-mass star formation

lll. Fragmentation and triggered star formation

Chuan-Peng Zhang! 23, Timea Csengeri’., Friedrich Wyrowski®, Guang-Xing Li*?>, Thushara Pillai®, Karl M.
Menten®, Jennifer Hatchell®, Mark A. Thompson’, and Michele R. Pestalozzi®

Context. Fragmentation and feedback are two important processes during the early phases of star formation.

Aims. Massive clumps tend to fragment into clusters of cores and condensations, some of which form high-mass stars. In this work,
we study the structure of massive clumps at different scales, analyze the fragmentation process, and investigate the possibility that
star formation is triggered by nearby H II regions.

Methods. We present a high angular resolution study of a sample of massive proto-cluster clumps G18.17, G18.21, G23.97N, G23.98,
(G23.44, G23.975, G25.38, and G25.71. Combining infrared data at 4.5, 8.0, 24, and 70 um, we use few-arcsecond resolution radio-
and millimeter interferometric data taken at 1.3cm, 3.5mm, 1.3 mm, and 870 um to study their fragmentation and evolution. Our
sample is unique in the sense that all the clumps have neighboring H II regions. Taking advantage of that, we test triggered star
formation using a novel method where we study the alignment of the centres of mass traced by dust emission at multiple scales.
Results. The eight massive clumps, identified based on single dish observations, have masses ranging from 228 to 2279 M, within an
effective radius of R.5 ~ 0.5 pc. We detect compact structures towards six out of the eight clumps. The brightest compact structures
within infrared bright clumps are typically associated with embedded compact radio continuum sources. The smaller scale structures
of R.¢ ~ 0.02 pc observed within each clump are mostly gravitationally bound and massive enough to form at least a B3-B0 type star.
Many condensations have masses larger than 8 M, at small scale of R ~ 0.02 pc. We find that the two lowest mass and lowest surface
density infrared quiet clumps with < 300 Mz do not host any compact sources, calling into question their ability to form high-mass
stars. Although the clumps are mostly infrared quiet, the dynamical movements are active at clump scale (~ 1 pc).

Conclusions. We studied the spatial distribution of the gas conditions detected at different scales. For some sources we find hints
of external triggering, whereas for others we find no significant pattern that indicates triggering is dynamically unimportant. This
probably indicates that the different clumps go through different evolutionary paths. In this respect, studies with larger samples are
highly desired.
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OH maser emission in the THOR survey of the northern Milky Way

H. Beuther!, A. Walsh?, Y. Wang', M. Rugel'*, J. Soler!, H. Linz!, R.S. Klessen?, L.D. Anderson”!%11,
J.S. Urquhart®, S.C.0. Glover?, S.J. Billington®, J. Kainulainen™!', K.M. Menten®, N. Roy®, S.N.
Longmore’ and F. Bigiel'?

Context: OH masers trace diverse physical processes, from the expanding envelopes around evolved stars to star-

forming regions or supernovae remnants. Providing a survey of the ground-state OH maser transitions in the northern
hemisphere inner Milky Way facilitates the study of a broad range of scientific topics.

Aims: We want to identify the ground-state OH masers at ~18 cm wavelength in the area covered by “The HI/OH/Recombination
line survey of the Milky Way (THOR)”. We will present a catalogue of all OH maser features and their possible asso-

ciated environments.

Methods: The THOR survey covers longitude and latitude ranges of 14.3° < I < 66.8° and b < £+1.25°. All OH ground
state lines 21_[3,2(.]:3,/2) at 1612 (F=1-2), 1665 (F=1-1), 1667 (F=2-2) and 1720 MHz (F=2-1) have been observed,
employing the Very Large Array (VLA) in its C configuration. The spatial resolution of the data varies between 12.5"”
and 19”, the spectral resolution is 1.5 kms™!, and the rms sensitivity of the data is ~10mJy beam ™! per channel.
Results: We identify 1585 individual maser spots (corresponding to single spectral features) distributed over 807 maser
sites (regions of size ~ 10 — 10?1 AU). Based on different criteria from spectral profiles to literature comparison, we
try to assoclate the maser sites with astrophysical source types. Approximately 51% of the sites exhibit the double-
horned 1612 MHz spectra typically emitted from the expanding shells of evolved stars. The separations of the two
main velocity features of the expanding shells typically vary between 22 and 38kms~!. In addition to this, at least
20% of the maser sites are associated with star-forming regions. While the largest fraction of 1720 MHz maser spots
(21 out of 53) is associated with supernova remnants, a significant fraction of the 1720 MHz maser spots (17) are also
associated with star-forming regions. We present comparisons to the thermal 12CO(1-0) emission as well as to other
surveys of class II CH3OH and H2O maser emission. The catalogue attempts to present associations to astrophysical
sources where available, and the full catalogue 1s available 1n electronic form.

Conclustons: This OH maser catalogue presents a unique resource of stellar and interstellar masers in the northern
hemisphere. It provides the basis for a diverse range of follow-up studies from envelopes around evolved stars to

star-forming regions and Supernova remnants.



First detections of H13CO+4 and HC15N in the disk around HD 97048: Evidence for a

cold gas reservoir in the outer disk
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Observations of different molecular lines in protoplanetary disks provide valuable information on the gas kinematics, as
well as constraints on the radial density and temperature structure of the gas. With ALMA we have detected H13CO+
(J=4-3) and HC15N (J=4-3) in the HD 97048 protoplanetary disk for the first time.We compare these new detections
to the ringed continuum mm-dust emission and the spatially resolved CO (J=3-2) and HCO+ (J=4-3) emission. The
radial distributions of the H13CO+ and HC15N emission show hints of ringed sub-structure whereas, the optically
thick tracers, CO and HCO+, do not. We calculate the HCO+/H13CO+ intensity ratio across the disk and find
that it is radially constant (within our uncertainties). We use a physio-chemical parametric disk structure of the HD
97048 disk with an analytical prescription for the HCO+ abundance distribution to generate synthetic observations
of the HCO+ and H13CO+ disk emission assuming LTE. The best by-eye fit models require radial variations in the
HCO+/H13CO+ abundance ratio and an overall enhancement in H13CO+ relative to HCO+. This highlights the
need to consider isotope selective chemistry and in particular low temperature carbon isotope exchange reactions. This
also points to the presence of a reservoir of cold molecular gas in the outer disk (T <10 K, R > 200 au). Chemical
models are required to confirm that isotope-selective chemistry alone can explain the observations presented here.
With these data, we cannot rule out that the known dust substructure in the HD 97048 disk 1s responsible for the
observed trends in molecular line emission, and higher spatial resolution observations are required to fully explore the
potential of optically thin tracers to probe planet-carved dust gaps. We also report non-detections of H13CO+ and
HCI15N m the HD 100546 protoplanetary disk.



