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15 Dust Transport and Processing in Centrifugally Driven Protoplanetary Disk Winds
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There is evidence that protoplanetary disks—including the protosolar one—contain crystalline dust grains on spatial
scales where the dust temperature is lower than the threshold value for their formation through thermal annealing of
amorphous interstellar silicates. We interpret these observations in terms of an extended, magnetocentrifugally driven
disk wind that transports grains from the inner disk—where they are thermally processed by the stellar radiation
after being uplifted from the disk surfaces—to the outer disk regions. For any disk radius » there is a maximum grain
size apmax(r) that can be uplifted from that location: grains of size a < a,,. are carried away by the wind, whereas
those with a < a,,.x reenter the disk at larger radii. A significant portion of the reentering grains converge to—and
subsequently accumulate in—a narrow region just beyvond ry.(@), the maximum radius from which grains of size a
can be uplifted. We show that this model can account for the inferred crystallinity fractions in classical T' Tauri and
Herbig Ae disks and for their indicated near constancy after being established early in the disk evolution. It is also
consistent with the reported radial gradients in the mean grain size, crystallinity, and crystal composition. In addition,
this model vields the properties of the grains that remain embedded in the outflows from protoplanetary disks and
naturally explains the inferred persistence of small grains in the surface layers of these disks.

Accepted by ApJ
http://arxiv.org/pdf/1907.04961
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Formation of rocky and icy planetesimals inside and outside the snow line: Effects of
diffusion, sublimation and back-reaction

Ryuki Hyodo', Shigeru Ida', and Sébastien Charnoz*

! Earth-Life Science Institute/ Tokyo Institute of Technology, 2-12-1 Tokyo, Japan; ? Institut de Physique du Globe/Université

Paris Diderot 75005 Paris, France
[-mail contact: hyodo at elsi.jp

[t is important to clarify where and when rocky and icy planetesimals are formed in a viscously evolving disk. We wish
to understand how local runaway pile-up of solids occurs inside or outside the snow line. We assume an icy pebble
contains micron-sized silicate grains that are uniformly mixed with ice and are released during the ice sublimation.
Using a local one-dimensional code, we solve the radial drift and the turbulent diffusion of solids and the water vapor,
taking account of their sublimation/condensation around the snow line. We systematically investigate effects of back-
reactions of the solids to gas on the radial drift and diffusion of solids, scale height evolution of the released silicate
particles, and possible difference in effective viscous parameters between that for turbulent diffusion (auy) and that
for the gas accretion rate onto the central star (auce). We study the dependence on the ratio of the solid mass flux to
the gas (F},/,). We show that the favorable locations for the pile-up of silicate grains and icy pebbles are the regions
in the proximity of the water snow line inside and outside it, respectively. We found that runaway pile-ups occur
when both the back-reactions for radial drift and diffusion are included. In the case with only the back-reaction for
the radial drift, no runaway pile-up is found except for extremely high pebble flux, while the condition of streaming
instability can be satisfied for relatively large F},,, as found in the past literatures. If the back-reactions for radial
diffusion is considered, the runaway pile-up occurs for reasonable value of pebble flux. The runaway pile-up of silicate
grains that would lead to formation of rocky planetesimals occurs for oy, € @, while the runaway pile-up of icy
pebbles is favored for o,y ~ uee.

Accepted by ALA
http://arxiv.org/pdf/1907.04621
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Interstellar Glycolaldehyde, Methyl Formate, and Acetic Acid I: A Bi-modal Abundance
Pattern in Star Forming Regions

Samer El-Abd'?, Crystal Brogan?, Todd Hunter?, Eric Willis?, Robin Garrod®' and Brett McGuire?"

I Department of Astronomy, University of Virginia, 530 McCormick Road, Charlottesville, VA, 22903; ? National Radio
Astronomy Observatory, 520 Edgemont Road, Charlottesville, VA, 22903; * Department of Chemistry, University of
Virginia, 409 McCormick Road, Charlottesville, VA, 22903; 4 Havard-Smithsonian Center for Astrophysics, 60 Garden
St, Cambridge, MA, 02138

[-mail contact: sje2tu af virginia.edu

The relative column densities of the structural isomers methyl formate, glycolaldehyde, and acetic acid are derived
for a dozen positions towards the massive star-forming regions MM1 and MM2 in the NGC 63341 complex, which are
separated by ~4000 AU. Relative column densities of these molecules are also gathered from the literature for 13 other
star-forming regions. In this combined dataset, a clear bi-modal distribution is observed in the relative column densities
of glycolaldehyde and methyl formate. No such distribution is evident with acetic acid. The two trends are comprised
of star-forming regions with a variety of masses, suggesting that there must be some other common parameter that
is heavily impacting the formation of glycolaldehyde. This is indicative of some demonstrable differentiation in these
cores; studying the abundances of these isomers may provide a clue as to the integral chemical processes ongoing in a
variety of protostellar environments.

Accepted by The Astrophysical Journal
https://arxiv.org/pdf/1907.13551
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A Survey for New Members of Taurus from Stellar to Planetary Masses
T.L. Esplin’? and K.L. Luhman®

L' Steward Observatory, University of Arizona, Tucson, AZ, 85719, USA; 2 Strittmatter Fellow; * Department of
Astronomy and Astrophysics, The Pennsyl- vania State University, University Park, PA 16802, USA; 4 Center for
Exoplanets and Habitable Worlds, The Pennsyl- vania State University, University Park, PA 16802, USA
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We present a large sample of new members of the Taurus star-forming region that extend from stellar to planetary
masses. 1o identify candidate members at substellar masses, we have used color-magnitude diagrams and proper
motions measured with several wide-field optical and infrared (IR) surveys. At stellar masses, we have considered the
candidate members that were found in a recent analysis of high-precision astrometry from the Gaia mission. Using
new and archival spectra, we have measured spectral types and assessed membership for these 161 candidates, 79 of
which are classified as new members. Our updated census of Taurus now contains 519 known members. According
to Gaia data, this census should be nearly complete for spectral types earlier than M6-M7 at A; < 1. For a large
field encompassing ~72% of the known members, the census should be complete for K < 15.7 at A; < 1.5, which
corresponds to ~5-13 My, for ages of 1-10 Myr based on theoretical evolutionary models. Our survey has doubled
the number of known members at greater or equal to M9 and has uncovered the faintest known member in My, which
should have a mass of ~3-10 My, for ages of 1-10 Myr. We have used mid-IR photometry from the Spitzer Space
Telescope and the Wide-field Infrared Survey Explorer to determine whether the new members exhibit excess emission
that would indicate the presence of circumstellar disks. The updated disk fraction for Taurus is ~0.7 at less than or
equal to M3.5 and ~0.4 at >M3.5.

Accepted by AlJ
http://arxiv.org/pdf/1907.00055
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Circumbinary disk inner radius as a diagnostic for disk—binary misalignment
Alessia Franchini', Stephen H. Lubow? and Rebecca G. Martin'

! Department of Physics and Astronomy, University of Nevada 4505 South Maryland Parkway, Las Vegas, NV 89154,
USA; ? Space Telescope Science Institute 3700 San Martin Drive, Baltimore, MD 21218, USA

E-mail contact: alessia.franchini af unlv.edu

We investigate the misalignment of the circnmbinary disk around the binary HD 98800 BaBb with eccentricity e ~ (.8,
Kennedy et al. (2019) observed the disk to be either at an inclination of 48° or polar aligned to the binary orbital plane.
Their simulations showed that alignment from 48° to a polar configuration can take place on a shorter timescale than
the age of this system. We perform hydrodynamical numerical simulations in order to estimate the cavity size carved
by the eccentric binary for different disk inclinations as an independent check of polar alignment. Resonance theory
suggests that torques on the inner parts of a polar disk around such a highly eccentric binary are much weaker than in
the coplanar case, indicating a significantly smaller central cavity than in the coplanar case. We show that the inferred
inner radius (from carbon monoxide measurements) of the accretion disk around BaBb can exclude the possibility of
it being mildly inclined with respect to the binary orbital plane and therefore confirm the polar configuration. This
study constitutes an important diagnostic for misaligned circumbinary disks, since it potentially allows us to infer the
disk inclination from observed gas disk inner radii.

Accepted by ApJL
http://arxiv.org/pdf/1907.056437
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Fragmentation of Filamentary Cloud Permeated by Perpendicular Magnetic Field II.
Dependence on the Initial Density Profile

Tomoyuki Hanawa', Takahiro Kudoh? and Kohji Tomisaka®

L Center for Frontier Science, Chiba University, 1-33 Yayoi-cho, Inage-ku, Chiba, Chiba 263-8522, Japan; ¢ Faculty of
Education, Nagasaki University, 1-14 Bunkyo-machi, Nagasaki, Nagasaki 852-8521, Japan; * Division of Theoretical
Astronomy, National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan; 4 Department
of Astronomical Science, School of Physical Sciences, SOKENDAI (The Graduate University for Advanced Studies),
Mitaka, Tokyo 181-8588, Japan

[-mail contact: hanawa at faculty.chiba-u.jp

We examine the linear stability of a filamentary cloud permeated by a perpendicular magnetic field. The initial
magnetic field is assumed to be uniform and perpendicular to the cloud axis. The model cloud is assumed to have
a Plummer-like density profile and to be supported against the self-gravity by turbulence. The effects of turbulence
are taken into account by enhancing the effective pressure of a low density gas. We derive the effective pressure as a
function of the density from the condition of the hydrostatic balance. It is shown that the model cloud is more unstable
against radial collapse, when the radial density slope is shallower. When the magnetic field is mildly strong, the radial
collapse is suppressed. If the displacement vanishes in the region very far from the cloud axis, the model cloud is
stabilized completely by a mildly strong magnetic field. If rearrangement of the magnetic flux tubes is permitted,
the model cloud is unstable even when the magnetic field is extremely strong. The stability depends on the outer
boundary condition as in case of the isothermal cloud. The growth rate of the rearrangement mode is smaller when
the radial density slope is shallower.

Accepted by AplJ
http://arxiv.org/pdf/1907.03384



