j:E \ 4

L JvE B} (B

EFRE 2

~

GAEP0316-23

AAE)HFD2)



Refractory carbon depletion by photolysis through dust collisions
and vertical mixing

Vignesh Vaikundaraman'-2, Joanna Drazkowska!-2, Fabian Binkert> 3, Til Birnstiel”>* and Anna Miotello*

ABSTRACT

Context. The inner Solar System is depleted in refractory carbon in comparison to the interstellar medium and the depletion likely
took place in the protoplanetary disk phase of the Solar System.

Aims. We study the effect of photolysis of refractory carbon in the upper layers of the protosolar disk and its interplay with dust
collisional growth and vertical mixing.

Methods. We make use of a 1D Monte Carlo model to simulate dust coagulation and vertical mixing. To model the FUV flux of the
disk, we use a simple analytical prescription and benchmark it with data from a radiative transfer simulation. We study the effects of
fragmentation and bouncing on dust distribution and the propagation of carbon depletion.

Results. We find that when bouncing is included. the size distribution is truncated at smaller sizes than fragmentation-limited size
distributions but there is a loss of small grains as well. The population of small grains is reduced due to fewer fragmentation events
and this reduces the eflectiveness of photolysis. We find that dust collisional growth and vertical mixing increase the effectiveness of
carbon depletion by efliciently replenishing carbon to the upper regions of the disk with higher FUV flux. It takes around 100-300 kyr
to reach the measured carbon abundances at 1 au, depending on the strength of the turbulence in the disk. These timescales are faster
than reported by previous studies.

Conclusions. Collisional redistribution and turbulent mixing are important aspects of dust evolution that should be included when
modeling dust chemistry as they can influence the efficiency of chemical processes. Photolysis, along with another process such as
sublimation, most likely played a key role in refractory carbon depletion that we see around us in the inner Solar System.

Key words. planets and satellites: formation — protoplanetary disks — astrochemistry — methods: numerical — planets and satellites:
composition
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CO Observations of the SMC-NG66 Hii Region with ALMA: Properties of Clumps along Filamentary

Molecular Clouds and Possible Expansion Motion

BarooL Iuvast,! Nasuivm NeeLamkopan,! Kazukr Tokvpa,>®? Susmrra Barman,® Magrra Sewio 578
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ABSTRACT

The star-forming region N66, as a host of the majority of OB stars in the Small Magellanic Cloud,
provides a unique opportunity to enhance our understanding of the triggers of high-mass star formation.
We investigate the properties of the molecular cloud in N66 using the '*CO(1-0) data obtained with
the Atacama Large Millimeter /submillimeter Array. A cloud decomposition analysis identified 165
independent cloud structures and substructures. The size-linewidth scaling relation for the entire
region exhibits an index of 0.49, indicating that the region is in a state of virial equilibrium. In
contrast, a detailed analysis of the central NG6 region revealed a size-linewidth scaling relation with
an index of 0.75, suggesting that distinct factors are influencing the dynamics of this central area.
Averaging the spectra in the central N66 region revealed three distinct velocity peaks at 145, 152, and
160 kms—!, indicating that some kinds of interactions are occurring within the cloud. The analysis
of the position-velocity diagrams in the central region revealed a ring-like structure, indicating the
presence of an expanding bubble. The bubble exhibits supersonic characteristics, with an expansion
velocity of vexp == 11 km s_], and an overall systemic velocity of ve. == 151 km s~!. The radius is
estimated to be in the range of r == [0.8 — 12.9] + 0.5 pc and is approximately 1.2 Myr old.
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Table 1. 2CO(1-0) Cores (leaves) statistical summary.

Min Max Mean Median
Veen (km s™1) 139 164 157 159
Omaj (arcsec) 1.19 429 215 194
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Table 2. '2CO(1-0) Clumps (trunks) statistical summary.
Min Max  Mean Median
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Connecting a Magnetized Disk to a Convective Low-mass Protostar:
A Global Three-dimensional Model of Boundary Layer Accretion

SHINSUKE Takasao @' Takasur Hosokawa @2 Kenco Tomina 2% anp Kazunart Iwasaky &

ABSTRACT

In the early stages of star formation, boundary layer accretion, where protostars accrete material from
disks extending down to their surfaces, plays a crucial role. Understanding how a magneto-rotational-
instability (MRI)-active disk connects to a protostar’s surface remains a significant challenge. To inves-
tigate the mechanisms of mass and angular momentum transfer, we develop a global, three-dimensional
magnetohydrodynamic model of boundary layer accretion around a magnetized, convective low-mass
protostar. Our results reveal that angular momentum transport mechanisms transition significantly
from the outer MRI-active disk to the protostellar surface. Various mechanisms—MRI, spiral shocks,
coronal accretion, jets, and disk winds—contribute to angular momentum transfer, resulting in three
distinet disk structures: (1) the MRI-active disk, (2) the transition layer, and (3) the boundary layer.
The simulated protostar is strongly magnetized due to the accumulation of the disk fields, wrapping by Flare
disk toroidal fields, and stellar dynamo activity. Magnetic concentrations analogous to starspots form \'P Jet
on the protostar and interact with the rotating disk gas to generate spiral shocks. These shocks play — Protostar = Coronal accretion/
a key role in driving accretion. These findings demonstrate the necessity of global MHD models for \ funnel accretion
a comprehensive understanding of angular momentum transport. Additionally, we identify explosive
events triggered by magnetic reconnection in both the protostar and the disk atmosphere. We also find
decretion flows in the disk midplane, which may be important for the radial transport of refractory
materials, such as Calcium-Aluminium-rich Inclusions (CAls) precursor gas, to the outer disk.
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A Multi-line Analysis of the Distribution and Excitation of CS and H-CS in the HD 163296 Disk

CHARLES J. Law @ " * Romane LE GaL @ %% Yosuinipe Yamaro @21 Ke Zuanc @7 Viviana V. Guzman 2.6

CLAUDIO HERNANDEZ-VERA 2% 1. ILsepore CLeeves @ Grera Guint@.? anp Avice S. Boora @71

ABSTRACT

The abundance and distribution of sulfur-bearing molecules in protoplanetary disks directly influ-
ences the composition and potential habitability of nascent planets in addition to providing powerful
probes of the physical gas conditions in the disks themselves. Here, we present new and archival
ALMA and SMA observations of CS and HsCS, and their C**S and H,C*S isotopologues, at high-
angular resolution (=072-0"4; 20-40 au) in the HD 163296 disk, which reveal a central cavity and
multi-ringed emission structure. These observations comprise the most comprehensive, multi-line CS
data in a planet-forming disk to date, spanning a wide range of excitation conditions from E,=7.1 K
to 129.3 K, and include new detections of C**S, HoCS, and HoC**S in this system. Using these data,
we derive spatially-resolved rotational temperature and column density profiles for all species. We find
a column density ratio N(HoCS)/N(CS) = 0.5, which is comparable to that of the similar MWC 480
disk and suggests that organic sulfur compounds may constitute a large fraction of the volatile sulfur
reservoir in disks around Herbig stars generally. We derive 2S/?4S ratios of =5 (CS/C*S) and ~2
(H5CS/H3C31S) based on disk-averaged and spatially-resolved analyses. Both values are consistent
across these two pairs of optically-thin molecules and are well-below the expected ISM ratio of =22,
suggesting significant sulfur fractionation. We also constrain the CS emitting layer (z/r =< 0.1) using

mJy beam™! mJy beam~! kms™!
1 2 3 6

HD 163296

" 1.3 mm cont.

the vertical separations of the disk surfaces in the channel maps and based on the known 2D gas
structure of the HD 163296 disk combined with our excitation analysis.
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Comparative Analysis of Hall Effect Implementations in Hall-Magnetohydrodynamics

1 2

KazunaRl IwWASAKI AND KENGO TOoMIDA

ABSTRACT

There is no standard numerical implementation of the Hall effect, which is one of the non-ideal
magnetohydrodynamic (MHD) effects. Numerical instability arises when a simple implementation is
used, in which the Hall electric field is added to the electric field to update magnetic fields without
further modifications to the numerical scheme. In this paper, several implementations proposed in the
literature are compared to identify an approach that provides stable and accurate results. We consider
two types of implementations of the Hall effect. One is a modified version of the Harten-Lax-van Leer
method (Hall-HLL) in which the phase speeds of whistler waves are adopted as the signal speeds; the
other involves adding a fourth-order hyper-resistivity to a Hall-MHD code. Based on an extensive series
of test calculations, we found that hyper-resistivity vields more accurate results than the Hall-HLL,
particularly in problems where the whisler-wave timescale is shorter than the the timescale of physical
processes of interest. Through both von Neumann stability analysis and numerical experiments, an
appropriate coefficient for the hyper-resistivity is determined.



The role of absorption and scattering in shaping ice bands.
Spatially-resolved spectroscopy of protoplanetary disks

L. Martinien', G. Duchéne'-?, F. Ménard', R. Tazaki®, and K.R. Stapelfeldt**

ABSTRACT

Aims. The James Webb Space Telescope now enables the spectral study of ices with unprecedented sensitivity and angular resolution.
Water ice plays a crucial role in the growth of grains and in planetary formation but its spatial distribution in protoplanetary disks 1s
poorly constrained. To help the interpretation of future observations, we study here for the first time how the water ice band depends
on the observer’s perspective and the location where spectra are measured within protoplanetary disks.

Methods. Based on a standard protoplanetary disk model around a T Tauri star, we used the radiative transfer code MCFOST to
extract water-ice spectra and to measure the depth and central wavelength of the water-ice band at different locations in the disk.
Results. Even in the context of a spatially homogeneous ice mixture, the observed properties of water-ice bands depend on the
inclination of the system as well as on the location in the disk from which the spectra are extracted. In particular, the wavelength
of the band minimum can change by up to 0.17 ym, comparable to the difference expected between amorphous and crystalline ices,
for instance. This phenomenon stems from a balance between absorption and scattering and must be taken into account in detailed
modeling of spatially-resolved infrared spectroscopy of ices, including CO and CO,.

Key words. protoplanetary disks — scattering — Stars: variable: T Tauri stars



First detections of CO absorption in the Magellanic Clouds and
direct measurement of the CO-to-H, ratio

S. A. Balashev', D. N. Kosenko!, and P. Noterdaeme?>

ABSTRACT

Molecular hydrogen (H,) 1s by far the most abundant molecule in the Universe. However, due to the low emissivity of H;, carbon
monoxide (CO) 1s widely used instead to trace molecular gas in galaxies. The relative abundances of these molecules is expected to
depend on both physical (e.g., density) and chemical (e.g., metal enrichment) properties of the gas, making direct measurements in
diverse environments crucial. We present a systematic search for CO in absorption toward 34 stars behind H; gas in the Magellanic
Clouds using the Hubble Space Telescope. We report the first two definitive detections of CO absorption in the Large Magellanic Cloud
(LMC) and one in the Small Magellanic Cloud (SMC), along with stringent upper limits for the remaining sightlines. Non-detections
of CO are consistent with models of low thermal pressures and/or low metallicities while detections at the lower metallicities of the
Magellanic Clouds require higher thermal pressures, Py, = 10° — 10° K em ™ than detections the Milky Way at similar N(H:). Notably,
the high density derived from the rotational excitation of CO towards SK 143 1n the SMC suggests full molecularization of CO 1n the

absorbing cloud, with CO/H, = 8.3" ¥ x 107" consistent with the standard ratio (3.2 x 10™*) measured in dense molecular gas in the
Milky Way, scaled to the SMC’s 0.2 Z, metallicity.

Key words. interstellar medium — Molecular clouds — diffuse gas
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