41: Accretion Flows or Outow Cavities? Uncovering the Gas Dynamics around Lupus 3-MMS

Travis J. Thieme et al. ApJ

Understanding how material accretes onto the rotationally supported disk from the surrounding
envelope of gas and dust in the youngest protostellar systems is important for describing how disks
are formed. Magnetohydrodynamic simulations of magnetized, turbulent disk formation usually show
spiral-like streams of material (accretion flows) connecting the envelope to the disk. However, accretion
flows in these early stages of protostellar formation still remain poorly characterized due to their low
intensity and possibly some extended structures are disregarded as being part of the outflow cavity.
We use ALMA archival data of a young Class 0 protostar, Lupus 3-MMS, to uncover four extended
accretion flow-like structures in C**Q that follow the edges of the outflows. We make various types of
position-velocity cuts to compare with the outflows and find the extended structures are not consistent
with the outflow emission, but rather more consistent with a simple infall model. We then use a
dendrogram algorithm to isolate five sub-structures in position-position-velocity space. Four out of the
five sub-structures fit well (>95%) with our simple infall model, with specific angular momenta between
2.7—6.9 x 10" *kms~! pc and mass-infall rates of 0.5 — 1.1 x 10~® M, yr—!. Better characterization of
the physical structure in the supposed “outflow-cavities” is important to disentangle the true outflow
cavities and accretion flows.
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42: The VLA/ALMA Nascent Disk and Multiplicity (VANDAM) Survey of Orion Protostars V. A

Characterization of Protostellar Multiplicity by John J. Tobin, et al. ApJ.

We characterize protostellar multiplicity in the Orion molecular clouds using ALMA
0.87 mm and VLA 9 mm continuum surveys toward 328 protostars. These observations
are sensitive to projected spatial separations as small as ~20 au, and we consider source
separations up to 10! au as potential companions. The overall multiplicity fraction (MF)
and companion fraction (CF) for the Orion protostars are 0.30+0.03 and 0.4440.03,
respectively, considering separations from 20 to 104 au. The MFs and CFs are corrected
for potential contamination by unassociated young stars using a probabilistic scheme
based on the surface density of young stars around each protostar. The companion
separation distribution as a whole is|double peaked|and nconsistent withl the separation
distribution of solar-type field stars, while the separation distribution of Flat Spectrum

protostars is consistent solar-type field stars. The multiplicity statistics and companion
separation distributions ot the Perseus star-torming region are consistent with those
of Orion. Based on the observed peaks in the Class 0 separations at ~100 au and
~10® au, we argue that multiples with separations <500 au are likely produced by both
disk fragmentation and turbulent fragmentation with migration, and those at 2103 au
result primarily from turbulent fragmentation. We also find that MFs/CFs may rise
from Class 0 to Flat Spectrum protostars between 100 and 10° au in regions of high

YSO density. This finding may be evidence for migration [of companions from >10* au
to <10* au, and that some companions between 10° and 10* au must be (or become)
unbound.
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43. Monte-Carlo simulations of evolving rotational distributions of low-mass
stars in young open clusters. Testing the influence of initial conditions.
M. J. Vasconcelos, J. Bouvier et al. MNRAS

The rotational evolution of a young stellar population can give informations about the rotation pattern of more evolved clusters.
Combined with rotational period values of thousands of young stars and theoretical propositions about the redistribution and loss
of stellar angular momentum, it allows us to trace the rotational history of stars according to their mass. We want to investigate
how internal and environmental changes on single stars can change the rotational evolution of a young stellar population. We run
Monte Carlo simulations of a young cluster composed by solar mass stars of 0.5, 0.8 and 1.0 Mg, from 1 to 550 Myr taking into
account observational and theoretical parameters. In order to compare our results with the observations we run Kolmogorov-
Smirnov tests. Our standard model is able to reproduce some clusters younger than h Per and marginally M37, which is 550
Myr old. Varying the disk fraction or the initial period distribution did not improve the results. However, when we run a model
with a finer mass grid the Pleiades can be also reproduced. Changing the initial mass distribution to be similar to the empirical
ONC mass function also gives good results. Modeling the evolution of a young synthetic cluster from pre-main sequence to
early main sequence considering physical mechanisms of extraction and exchange of angular momentum can not be achieved
successfully for all clusters for which we have enough rotational data. Clusters of about the same age present different rotational
behaviors due perhaps to differences in their initial conditions.



44. A Kpc Scale Molecular Wave in the Inner Galaxy: Feather of the Milky Way?
V. S. Veena, et al.

We report the discovery of a velocity coherent, kpc-scale molecular structure towards the Galactic
center region with an angular extent of 30° and an aspect ratio of 60:1. The kinematic distance of the
CO structure ranges between 4.4 to 6.5 kpc. Analysis of the velocity data and comparison with the
existing spiral arm models support that a major portion of this structure is either a sub-branch of the
Norma arm or an inter-arm giant molecular filament, likely to be a kpec-scale feather (or spur) of the
Milky Way, similar to those observed in nearby spiral galaxies. The filamentary cloud is at least 2.0
kpc in extent, considering the uncertainties in the kinematic distances, and it could be as long as 4
kpe. The vertical distribution of this highly elongated structure reveals a pattern similar to that of
a sinusoidal wave. The exact mechanisms responsible for the origin of such a kpec-scale filament and
its wavy morphology remains unclear. The distinct wave-like shape and its peculiar orientation makes
this cloud, named as the Gangotri wave, one of the largest and most intriguing structures identified in

the Milky Way.
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45: Mapping physical parameters in Orion KL at high spatial resolution
Olivia H. Wilkins, et al. ApJ

The Orion Kleinmann-Low nebula (Orion KL) is notoriously complex and exhibits a range of physical
and chemical components. We conducted high angular resolution (sub-arcsecond) observations of
BCH40H v = 0 (~0"3 and ~077) and CHgCN vg = 1 (~0"2 and ~0"9) line emission with the
Atacama Large Millimeter /submillimeter Array (ALMA) to investigate Orion KL’s structure on small
spatial scales (<350 au). Gas kinematics, excitation temperatures, and column densities were derived
from the molecular emission via a pixel-by-pixel spectral line fitting of the image cubes, enabling
us to examine the small-scale variation of these parameters. Sub-regions of the Hot Core have a
higher excitation temperature in a 0”2 beam than a 0”9 beam, indicative of possible internal sources
of heating. Furthermore, the velocity field includes a bipolar ~7—8 km s~! feature with a southeast-
northwest orientation against the surrounding ~4—5 km s~! velocity field, which may be due to an
outflow. We also find evidence of a possible source of internal heating toward the Northwest Clump,
since the excitation temperature there is higher in a smaller beam versus a larger beam. Finally,
the region southwest of the Hot Core (Hot Core-SW) presents itself as a particularly heterogeneous
region bridging the Hot Core and Compact Ridge. Additional studies to identify the (hidden) sources
of luminosity and heating within Orion KL are necessary to better understand the nebula and its
chemistry.



46: Streaming Instability with Multiple Dust Species:Il. Turbulence and Dust-Gas Dynamics at Nonlinear
Saturation
Chao-Chin Yang (#83%k) and Zhaohuan Zhu (%882) MNRAS

The streaming instability is a fundamental process that can drive dust-gas dynamics and ultimately planetesimal formation in
protoplanetary discs. As a linear instability, it has been shown that its growth with a distribution of dust sizes can be classified
into two distinct regimes, fast- and slow-growth, depending on the dust-size distribution and the total dust-to-gas density ratio
€. Using numerical simulations of an unstratified disc, we bring three cases in different regimes into nonlinear saturation. We
find that the saturation states of the two fast-growth cases are similar to its single-species counterparts. The one with maximum
dimensionless stopping time 7 max = 0.1 and € = 2 drives turbulent vertical dust-gas vortices, while the other with 75 may = 2
and e = (.2 leads to radial traffic jams and filamentary structures of dust particles. The dust density distribution for the former is
flat in low densities, while the one for the latter has a low-end cutoff. By contrast, the one slow-growth case results in a virtually
quiescent state. Moreover, we find that in the fast-growth regime, significant dust segregation by size occurs, with large particles
moving towards dense regions while small particles remain in the diffuse regions, and the mean radial drift of each dust species
is appreciably altered from the (initial) drag-force equilibrium. The former effect may skew the spectral index derived from
multi-wavelength observations and change the initial size distribution of a pebble cloud for planetesimal formation. The latter
along with turbulent diffusion may influence the radial transport and mixing of solid materials in young protoplanetary discs.



