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Star Formation Occurs in Dense Gas, but What Does “Dense" Mean?
Neal J. Evans Il et al.

We report results of a project to map HCN and HCO™ J =1 — 0 emission toward a sample of
molecular clouds in the inner Galaxy, all containing dense clumps that are actively engaged in star
formation. We compare these two molecular line tracers with millimeter continuum emission and
extinction, as inferred from 3CO, as tracers of dense gas in molecular clouds. The fraction of the
line luminosity from each tracer that comes from the dense gas, as measured by Ay > 8 mag, varies
substantially from cloud to cloud. In all cases, a substantial fraction (in most cases, the majority) of
the total luminosity arises in gas below the Ay > 8 mag threshold and outside the region of strong mm
continuum emission. Measurements of L(HCN) toward other galaxies will likely be dominated by such
gas at lower surface density. Substantial, even dominant, contributions to the total line luminosity can
arise in gas with densities typical of the cloud as a whole (n ~ 100 cm™3). Defining the dense clump
from the HCN or HCO™ emission itself, similarly to previous studies, leads to a wide range of clump
properties, with some being considerably larger and less dense than in previous studies. HCN and
HCO™ have similar ability to trace dense gas for the clouds in this sample. For the two clouds with
low virial parameters, the }3CO is definitely a worse tracer of the dense gas, but for the other four, it
is equally good (or bad) at tracing dense gas.
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Measuring turbulent motion in planet-forming disks with ALMA: A detection around DM Tau and
non-detections around MWC 480 and V4046 Sgr
Kevin Flaherty et al.

Turbulence is a crucial factor in many models of planet formation, but it has only been directly constrained among a
small number of planet forming disks. Building on the upper limits on turbulence placed in disks around HD 163296
and TW Hya, we present ALMA CO J=2-1 line observations at ~0”3 (20-50 au) resolution and 80 ms~! channel
spacing of the disks around DM Tau, MWC 480, and V4046 Sgr. Using parametric models of disk structure, we
robustly detect non-thermal gas motions around DM Tau of between 0.25 ¢s and 0.33 ¢s, with the range dominated
by systematic effects, making this one of the only systems with directly measured non-zero turbulence. Using the
same methodology, we place stringent upper limits on the non-thermal gas motion around MWC 480 (<0.08 ¢;) and
V4046 Sgr (<0.12 ¢;). The preponderance of upper limits in this small sample, and the modest turbulence levels
consistent with dust studies, suggest that weak turbulence (o $1073) may be a common, albeit not universal, feature
of planet-forming disks. We explore the particular physical conditions around DM Tau that could lead this system to
be more turbulent than the others.

Accepted by ApJ
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Table 2. Fixed Model Parameters

Star Stellar Mass (Mg) Mgas (Mg) Xco Distance (pc) PA Z g0 (au)

-
DM Tau 0.54 (1) 0.04 (2,3) 2x107% (3) 144.5 4+ 1.1 (4) 154.8° 70 1
MWC 480 1.85 (5) 0.046 (6) 104 161.1 + 2.0 (4) 147.8° 50 1
V4046 Sgr 1.75 (7) 0.09 (8)  3x107% (7) 72.26 + 0.34 (4) 75.7° 35 1




0.087

0.139

JILIES

\t\

R 7 iR H

¢ ThidDIREPHEERELS —ZBXZATH U7

10 — data 0.019 0.001 0.016 0.034 Oﬂgglbe
[
gg(;.alu) == Viu=0.28¢; Data 7.34 7.03
81 oo V=0 ® @
= 9
= Model
x
EaN @ ®
21 4 1 Residual
- 2
> "
0 1 8 2
T v T v -4 | -
4 5 6 8
Velocity (km/sec) s bbbl P o
Aa (")
o i 140 A
180 i Sulteau st ol Zico 4 e DMTau Cnon-zero®D#l;
160 1201 pmics
< 140 100 “E0019cm”,
£ 120 This work e s 80 ;./.: i B b 025‘033(:3 -> O~OO78
'g 100 0.25¢5-0.33¢s ; 60 7 A H/—/_,,
> iz P
3 80 % a0 Y75
60 il o ’““:;::__‘,_.—..‘..’::- ............. z=0 1gcm-2 i ;EQA
i I ——— —— R A A B fa)CSEE//\J%D%tIED

100 150 200 250 300 350 400 450

R (au)

0
100 150 200 250 300 350 400 450

R (au)

M2KAETIER AT

MWC 480
4] coz-1)

Flux (Jy)

Velocity (km/sec)

e MWC480; viyb<0.12¢c, => a<0.006
e V4046Sgr; viurb<0.15¢s => a<0.01

Jy/beam
0,080 0.041 0.001 0038 0077 0116 0.155 0,195 0234 0273
Data 6.97 650 @ 554 5.07 " 459 411 l04 116
® e Qt:) % : % @ ® @®
@ G |
41 Residual ] i
: . ‘
> w3 . & | - " g
5 ‘T ¢ . sl P % M )
> | %
o ]

o5 ® 6.0

o 27 o a7 n
ba (%)




Table 4. System properties

Star 6'Uturb M., Maisk Age J‘:Incc Lx—ray Lruv
Mg Mg Myr Mg yr—! Lo Lo
HD 163296 <0.05¢, (1) 2.3 0.09 (2) 5 5x107 (3) 10~ (4, 5) 3.21-5.58 (6)
TW Hya <0.08¢c; (7) 0.6 0.05 (8) 10-12 2x107°? (9, 10, 11)  6.8x10~% (12, 13, 14, 15) 7x1072 (16)
MWC 480 <0.08¢c, (17) 1.85 (18) 0.046 (17) 7-8 5.3x1077 (19, 3, 20) 2.6x107°% (21)
V4046 Sgr <0.12¢, (17) 0.9,0.9 0.09 (22) 12-23 (23, 24, 25) 1.3x107% (26) 3.1x10~% (27, 28) 10~2 (16)
DM Tau 0.25-0.33¢c, (17) 0.54 (29) 0.04 (30,31) 1-5 2.9%x10~? (16, 32) 7.8x10~° (33) 3x10~2 (34, 16)
Typical Disk Ranges 3x10~% - 0.03 (35) 1-10 5x107 ' - 1077 (36) 2x107% - 0.02 (37) 2x107% - 0.2 (16)
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Self-gravitating Filament Formation from Shocked Flows: Velocity Gradients across Filaments
Che-Yu Chen, et al.

In typical environments of star-forming clouds, converging supersonic turbulence generates shock-compressed regions,
and can create strongly-magnetized sheet-like layers. Numerical MHD simulations show that within these post-shock
layers, dense filaments and embedded self-gravitating cores form via gathering material along the magnetic field lines.
As a result of the preferred-direction mass collection, a velocity gradient perpendicular to the filament major axis is
a common feature seen in simulations. We show that this prediction is in good agreement with recent observations
from the CARMA Large Area Star Formation Survey (CLASSy), from which we identified several filaments with
prominent velocity gradients perpendicular to their major axes. Highlighting a filament from the northwest part of
Serpens South, we provide both qualitative and quantitative comparisons between simulation results and observational
data. In particular, we show that the dimensionless ratio C,, = Awp?/(GM/L), where Avy, is half of the observed
perpendicular velocity difference across a filament, and M/L is the filament’s mass per unit length, can distinguish
between filaments formed purely due to turbulent compression and those formed due to gravity-induced accretion. We
conclude that the perpendicular velocity gradient observed in the Serpens South northwest filament can be caused by
gravity-induced anisotropic accretion of material from a flattened layer. Using synthetic observations of our simulated
filaments, we also propose that a density-selection effect may explain observed subfilaments (one filament breaking
into two components in velocity space) as reported in Dhabal et al. (2018).

Accepted by MNRAS
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The formation of young massive clusters by colliding flows
C. L. Dobbs, K. Y. Liow and S. Rieder

Young massive clusters (YMCs) are the most intense regions of star formation in galaxies. Formulating a model for
YMC formation whilst at the same time meeting the constraints from observations is highly challenging however. We
show that forming YMCs requires clouds with densities 2 100 cm™3 to collide with high velocities (= 20 km s™1).
We present the first simulations which, starting from moderate cloud densities of ~ 100 cm~3, are able to convert a
large amount of mass into stars over a time period of around 1 Myr, to produce dense massive clusters similar to those
observed. Such conditions are commonplace in more extreme environments, where YMCs are common, but atypical
for our Galaxy, where YMCs are rare.

Accepted by MNRAS Letters
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The Gemini Planet Imager view of the HD 32297 debris disk
Gaspard Duchene, et al.

We present new H-band scattered light images of the HD 32297 edge-on debris disk obtained with the Gemini Planet
Imager (GPI). The disk is detected in total and polarized intensity down to a projected angular separation of 0.15 arc-
sec, or 20au. On the other hand, the large scale swept-back halo remains undetected, likely a consequence of its
markedly blue color relative to the parent body belt. We analyze the curvature of the disk spine and estimate a radius
of ~100au for the parent body belt, smaller than past scattered light studies but consistent with thermal emission maps
of the system. We employ three different flux-preserving post-processing methods to suppress the residual starlight
and evaluate the surface brightness and polarization profile along the disk spine. Unlike past studies of the system,
our high fidelity images reveal the disk to be highly symmetric and devoid of morphological and surface brightness
perturbations. We find the dust scattering properties of the system to be consistent with those observed in other
debris disks, with the exception of HR 4796. Finally, we find no direct evidence for the presence of a planetary-mass
object in the system.

Accepted by the Astronomical Journal
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Gravitoviscous protoplanetary disks with a dust component. lll. Evolution of gas, dust, and pebbles
Vardan G. Elbakyan et al.

We study the dynamics and growth of dust particles in circumstellar disks of different masses that are prone to
gravitational instability during the critical first Myr of their evolution. The dust component is made up of two
different components: micron-sized dust and grown dust of evolving size. For the dust component, we considered
the dust coagulation, fragmentation, momentum exchange with the gas, and dust self-gravity. We found that the
micron-sized dust particles grow rapidly in the circumstellar disk, reaching a few cm in size in the inner 100 au of
the disk during less than 100 kyr after the disk formation, provided that fragmentation velocity is 30 ms~!. Due to
the accretion of micron dust particles from the surrounding envelope, which serves as a micron dust reservoir, the
approximately cm-sized dust particles continue to be present in the disk for more than 900 kyr after the disk formation
and maintain a dust-to-gas ratio close to 0.01. We show that a strong correlation exists between the gas and pebble
fluxes in the disk. We find that radial surface density distribution of pebbles in the disk shows power-law distribution
with an index similar to that of the Minimum-mass solar nebula (MMSN) regardless the disk mass. We also show
that the gas surface density in our models agrees well with measurements of dust in protoplanetary disks of AS 209,
HD 163296, and DoAr 25 systems. Pebbles are formed during the very early stages of protoplanetary disk evolution.
They play a crucial role in the planet formation process. Our disc simulations reveal the early onset (<10° yr) of an
inwards-drifting flux of pebble-sized particles that makes up approximately between one hundredth and one tenth of
the gas mass flux, which appears consistent with mm-observations of discs.

Accepted by A&A
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The CARMA-NRO Orion Survey: Protostellar Outflows, Energetics, and Filamentary Alignment
Jesse R. Feddersen et al.

We identify 45 protostellar outflows in CO maps of the Orion A giant molecular cloud from the CARMA-NRO Orion
survey. Our sample includes 11 newly detected outflows. We measure the mass and energetics of the outflows, including
material at low-velocities by correcting for cloud contributions. The total momentum and kinetic energy injection rates
of outflows is comparable to the turbulent dissipation rate of the cloud. We also compare the outflow position angles to
the orientation of C'20 filaments. We find that the full sample of outflows is consistent with being randomly oriented
with respect to the filaments. A subsample of the most reliable measurements shows a moderately perpendicular
outflow-filament alignment which may reflect accretion of mass across filaments and onto the protostellar cores.

Accepted by ApJ
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