Detailed modeling of dust distribution in the disk of HD 142527
Kang-Lou Soon+ Accepted PASJ

We investigate the dust distribution in the crescent disk around HD 142527 based on the continuum emission at
890 pm obtained by ALMA Cycle 0. The map is divided into 18 azimuthal sectors, and the radial intensity profile in
each sector is reproduced with a 2D disk model. Our model takes account of scattering and inclination of the disk as
well as the azimuthal dependence in intensity. When the dust is assumed to have the conventional composition and
maximum size of 1 mm, the northwestern region (PA = 329° — 29°) cannot be reproduced. This is because the model
intensity gets insensitive to the increase in surface density due to heavy self-scattering, reaching its ceiling much lower
than the observed intensity. The ceiling depends on the position angle. When the scattering opacity is reduced by a
factor of 10, the intensity distribution is reproduced successfully in all the sectors including those in the northwestern
region. The best fit model parameters depend little on the scattering opacity in the southern region where the disk
is optically thin. The contrast of dust surface density along PA is derived to be about 40, much smaller than the
value for the cases of conventional opacities (70 — 130). These results strongly suggest that the albedo is lower than|

considered by some reasons at least in the northwestern region.
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Redistribution of CO at the Location of the CO Ice Line in evolving Gas and Dust Disks
S. M. Stammler+ AAp Accepted

Context. Ice lines are suggested to play a significant role in grain growth and planetesimal formation in &r:(oplanetary disks. Evap-
oration fronts directly influence the gas and ice abundances of volatile species in the disk and therefore the coagulation physics and
efficiency and the chemical composition of the resulting planetesimals.

Aims. In this work, we investigate the influence of the existence of the CO ice line on particle growth and on the distribution of CO in
the disk.

Methods. We include the possibility of tracking the CO content and/or other volatiles in particles and in the gas in our existing dust
coagulation and disk evolution model and present a method for studying evaporation and condensation of CO using the Hertz-Knudsen
equation. Our model does not yet include fragmentation, which will be part of further investigations.

Results. We find no enhanced grain growth immediately outside the ice line where the particle size is limited by radial drift. Instead,
we find a depletion of solid material inside the ice line, which is solely due to evaporation of the CO. Such a depression inside the
ice line may be observable and may help to quantify the processes described in this work. Furthermore, we find that the viscosity
and diffusivity of the gas heavily influence the re-distribution of vaporized CO at the ice line and can lead to an increase in the
CO abundance by up to a factor of a few in the region just inside the ice line. Depending on the strength of the gaseous transport
mechanisms, the position of the ice line in our model can change by up to ~ 10 AU and consequently, the temperature at that location
can range from 21 to 23 K.
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Fig. 2. Dust surface densities of different dust sjzes at the CO ice
line after 1 Myr. ShoWwn are the total surface density (solid gray line),
millimeter-sized (dgtted blue line), sub-millimeter-sized (dashed red
line), and sub-micyometer-sized (dash-dotted green line) particles. The
vertical dashed lirie marks the location of the CO ice line.
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Fig. 7. The ratio of CO gas surface density to total gas surface density
after 1 Myr in the region of the ice line. Shown are the fiducial model
with & = 1073 (solid green line), a low-viscosity model with @ = 104
(dashed blue), and a high-viscosity model with @ = 1072 (dotted pur-
ple). The ratio of X3,/ is plotted with a dashed black line. Also
plotted is the case of a disk without viscous spreading (red dash-dotted
line). The horizontal gray line is our input value for the CO-to-gas mass
ratio.



Radiative grain alignment in protoplanetary disks: Implications for polarimetric observations
Ryo Tazakil,2, Alexandre Lazarian 3, and Hideko Nomura AplJ in press

We apply the theory of radiative torque (RAT) alignment for studying protoplanetary disks around a T-Tauri
star and perform 3D radiative transfer calculations to provide the expected maps of polarized radiation to be
compared with observations, such as with ALMA. We revisit the issue of grain alignment for large grains
expected in the protoplanetary disks and find that mm-sized grains at midplane do not align with magnetic field
as the Larmor precession timescale for such large grains becomes longer than the gaseous damping timescale.
Hence, for these grains the RAT theory predicts that the alignment axis is determined by the grain precession
with respect to the radiative flux. As a result, we expect that the polarization will be in the azimuthal direction
for a face-on disk. It is also shown that if dust grains have superparamagnetic inclusions, magnetic field
alignment is possible for (sub-)micron grains at the surface layer of disks, and this can be tested by mid-infrared
polarimetric observations.

Keywords: dust, extinction — polarization — protoplanetary disks — radiative transfer
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54. Accretion and Magnetic Reconnection in the Classical T Tauri Binary DQ Tau
Benjamin Tofflemire+ Accepted by Ap)J

The theory of binary star formation predicts that close binaries (a < 100 au) will experience periodic pulsed accretion
events as streams of material form at the inner edge of a circumbinary disk (CBD), cross a dynamically cleared
gap, and feed circumstellar disks or accrete directly onto the stars. The archetype for the pulsed accretion theory
is the eccentric, short-period, classical T Tauri binary DQ Tau. Low-cadence (~daily) broadband photometry has
shown brightening events near most periastron passages, just as numerical simulations would predict for an eccentric
binary. Magnetic reconnection events (flares) during the collision of stellar magnetospheres near periastron could,
however, produce the same periodic, broadband behavior when observed at a one-day cadence. To reveal the dominant
physical mechanism seen in D(Q) Tau’s low-cadence observations, we have obtained continuous, moderate-cadence,
multiband photometry over 10 orbital periods, supplemented with 27 nights of minute-cadence photometry centered
on four separate periastron passages. While both accretion and stellar flares are present, the dominant timescale and
morphology of brightening events are characteristic of accretion. On average, the mass accretion rate increases by a
factor of five near periastron, in good agreement with recent models. Large variability is observed in the morphology
and amplitude of accretion events from orbit to orbit. We argue that this is due to the absence of stable circumstellar
disks around each star, compounded by inhomogeneities at the inner edge of the CBD and within the accretion streams
themselves. Quasiperiodic apastron accretion events are also observed, which are not predicted by binary accretion

theory. _ .
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DQ Tau pre-MS spectroscopic binary
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55. Grand-design Spiral Arms in a Young Forming Circumstellar Disk
K. Tomida, M. N. Machida, T. Hosokawa, Y. Sakurai and C. H. Lin; Accepted by ApJL

We study formation and long-term evolution of a circumstellar disk in a collapsing molecular cloud core using a
resistive magnetohydrodynamic simulation. While the formed circumstellar disk is initially small, it grows as accretion
continues, and its radius becomes as large as 200 au toward the end of the Class-I phase. A pair of grand-design spiral
arms form due to gravitational instability in the disk, and they transfer angular momentum in the highly resistive
disk. Although the spiral arms disappear in a few rotations as expected in a classical theory, new spiral arms form
recurrently as the disk soon becomes unstable again by gas accretion. Such recurrent spiral arms persist throughout
the Class-0 and I phases. We then perform synthetic observations and compare our model with a recent high-resolution
observation of a young stellar object Elias 227, whose circumstellar disk has grand-design spiral arms. We find good
agreement between our theoretical model and the observation. Our model suggests that the grand-design spiral arms
around Elias 227 are consistent with material arms formed by gravitational instability. If such spiral arms commonly
exist in young circumstellar disks, it implies that young circumstellar disks are considerably massive and gravitational

instability is the key process of angular momentum transport.

Accepted by The Astrophysical Journal Letters

Elias 2-27

Pérez + 2016 Science
“We argue that the
observed spirals trace
shocks of spiral density
waves in the midplane of
this young disk.”
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