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32.

Forming localized dust concentrations in a dust ring: DM Tau case study
Hauyu Baobab Liu, Takayuki Muto, Mihoko Konishi, Chia-Ying Chung, Jun Hashimoto, Kiyoaki Doi, Ruobing

Dong, Tomoyuki Kudo, Yasuhiro Hasegawa, Yuka Terada, Akimasa Kataoka % The previous, high angular
resolution 225 GHz (~1.3 mm) continuum observations on the transitional disk DM Tau have resolved an outer ring

at 20-120 au radii that is weakly azimuthally asymmetric. We aimed to examine dust growth and filtration in the
outer ring. We performed the ~0”.06 (~8.7 au) resolution Karl G. Jansky Very Large Array (JVLA) 40-48 GHz
(~7 mm; Q band) continuum observations and the complementary observations at lower frequencies. In addition, we
analyzed the archival JVLA observations that were taken since 2010. Intriguingly, the (Q band image resolved the
azimuthally highly asymmetric, knotty dust emission sources close to the inner edge of the outer ring. Fitting the

8700 GHz spectral energy distribution (SED) with two dust components indicates that the maximum grain size in
these knotty dust emission sources is likely 2300 pm while it is <50 pum in the rest of the ring. These results may
be explained by trapping of inward migrating grown dust close to the ring inner edge. The exact mechanism for
developing the azimuthal asymmetry has not yet been identified, which may be due to planet-disk interaction that
might also be responsible for the creation of the dust cavity and pressure bump, or the fluid instabilities and vortex
formation due to shear motions. Finally, we remark that the asymmetries in DM Tau are hard to diagnose from
the =225 GHz observations owing to a high optical depth at the ring. In other words, the apparent symmetric or
asymmetric morphology of the transitional disks may be related to the optical depths of those disks at the observing

frequency.
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34.

Dust Accumulation near the Magnetospheric Truncation of Protoplanetary Discs. 1I.
The Effects of Opacity and Thermal Evolution

Rixin Li, Yi-Xian Chen, Douglas N. C. Lin % Dust trapping in the global pressure bump induced by magnetospheric
truncation offers a promising formation mechanism for close-in super-Earths/sub-Neptunes. These planets likely form
in evolved protoplanetary discs, where the gas temperature at the expanding truncation radius become amiable to
refractory solids. However, dust accumulation may alter the disc opacity such that thermal evolution is inevitable.
To better understand how thermodynamics affects this planet formation pathway, we conduct a suite of local dust
evolution simulations in an idealized inner disc model. Our calculations take into account self-consistent opacity-
dependent temperature changes as well as dust evaporation and vapour condensation. We find that disc thermal
evolution regulates dust growth and evolution, discouraging any accumulation of small particles that drives the increase
of opacity and temperature. Significant retention of dust mass takes place when the disc environments allow runaway
growth of large solids beyond the fragmentation barrier, where small particles are then swept up and preserved. Our
results further validate dust accumulation near disc truncation as a promising mechanism to form close-in planets.
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39. Rotation curves in protoplanetary disks with thermal stratification
Paola Martire, Cristiano Longarini, Giuseppe Lodato, Giovanni P. Rosotti, Andrew Winter, Stefano Facchini,
Caitlyn Hardiman, Myriam Benisty, Jochen Stadler, Andrés F. Izquierdo, Leonardo Testi % In recent years the
gas kinematics probed by molecular lines detected with ALMA has opened a new window to study protoplanetary
disks. High spatial and spectral resolution observations have revealed the complexity of protoplanetary disk structure
and correctly interpreting these data allow us to gain a better comprehension of the planet formation process. We
investigate the impact of thermal stratification on the azimuthal velocity of protoplanetary disks. High resolution

gas observations are showing velocity differences between CO isotopologues, which cannot be adequately explained
with vertically isothermal models. The aim of this work is to determine whether a stratified model can explain this

discrepancy. We analytically solve the hydrostatic equilibrium for a stratified disk and we derive the azimuthal velocity.
We test the model with SPH numerical simulations and then we use it to fit for star mass, disk mass and scale radius
of the sources in the MAPS sample. In particular, we use 12C0O and 13CO datacubes.
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28.

The Gaila-ESO Survey: Empirical estimates of stellar ages from lithium equivalent
widths (EAGLES)

R. D. Jefiries, R. J. Jackson, Nicholas J. Wright, G. Weaver, GG. Gilmore, S. Randich, A. Bragaglia, A. J. Korn,
R. Smiljanic, K. Biazzo, A. R. Casey, A. Frasca, A. Gonneau, G. Guiglion, L.. Morbidelli, L.. Prisinzano, G. G.
Sacco, G. Tautvaisiené, C. C. Worley, S. Zaggia % We present an empirical model of age-dependent photospheric
lithium depletion, calibrated using a large, homogeneously-analysed sample of 6200 stars in 52 open clusters, with
ages from 2-6000 Myr and —0.3 < [Fe/H] < 0.2, observed in the Gaia-ESO spectroscopic survey. The model is used
to obtain age estimates and posterior age probability distributions from measurements of the Li I 6708A equivalent
width for individual (pre) main sequence stars with 3000 < Tog/K < 6500, a domain where age determination from
the HR diagram is either insensitive or highly model-dependent. In the best cases, precisions of 0.1 dex in log age
are achievable; even higher precision can be obtained for coeval groups and associations where the individual age
probabilities of their members can be combined. The method is validated on a sample of exoplanet-hosting young
stars, finding agreement with claimed young ages for some, but not others. We obtain better than 10 per cent precision
in age, and excellent agreement with published ages, for seven well-studied young moving groups. The derived ages
for young clusters (< 1 Gyr) in our sample are also in good agreement with their training ages, and consistent with
several published, model-insensitive lithium depletion boundary ages. For older clusters there remain systematic age
errors that could be as large as a factor of two. There is no evidence to link these errors to any strong systematic
metallicity dependence of (pre) main sequence lithium depletion, at least in the range —0.29 < [Fe/H| < 0.18. Our
methods and model are provided as software — "Empirical AGes from Lithium Equivalent widthS" (EAGLES).



29.

The Radcliffe Wave is Oscillating

Ralf Konietzka, Alyssa A. Goodman, Catherine Zucker, Andreas Burkert, Joao Alves, Michael Foley, Cameren
Swiggum, Maria Koller, Nuria Miret-Roig % Our Sun lies within 300 pc of the 2.7-kpc-long sinusoidal chain of
dense gas clouds known as the Radcliffe Wave. The structure’s wave-like shape was discovered using 3D dust mapping,
but initial kinematic searches for oscillatory motion were inconclusive. Here we present evidence that the Radcliffe
Wave is oscillating through the Galactic plane while also drifting radially away from the Galactic Center. We use
measurements of line-of-sight velocity for 12C0O and 3D velocities of young stellar clusters to show that the most
massive star-forming regions spatially associated with the Radcliffe Wave (including Orion, Cepheus, North America,
and Cygnus X) move as if they are part of an oscillating wave driven by the gravitational acceleration of the Galactic
potential. By treating the Radcliffe Wave as a coherently oscillating structure, we can derive its motion independently
of the local Galactic mass distribution, and directly measure local properties of the Galactic potential as well as the
Sun’s vertical oscillation period. In addition, the measured drift of the Radcliffe Wave radially outward from the
Galactic Center suggests that the cluster whose supernovae ultimately created today’s expanding Local Bubble may

have been born in the Radcliffe Wave.



30.

Magnetic fields of protoplanetary disks

Sergey A. Khaibrakhmanov % We review the current status of studies on accretion and protoplanetary disks of
young stars with large-scale magnetic fields. Observational data on magnetic fields of the disks are compiled and
analysed. Modern analytical and numerical MHD models of protoplanetary disks are discussed. The mechanisms of
angular momentum transport via turbulence, magnetic tensions and outflows are outlined. We consider the influence
of Ohmic dissipation, magnetic ambipolar diffusion, magnetic buoyancy, and the Hall effect on the evolution of the
magnetic flux in disks. Modern MHD models of accretion disks show that the magnetic field can influence the structure
of protoplanetary disks. We argue that the available observational data on the magnetic fields in protoplanetary disks
can be interpreted within the framework of fossil magnetic field theory. We summarize the problems of the modern
theory of accretion and protoplanetary disks with magnetic fields and also outline the prospects for further research.



31.

SMA detection of an extreme millimeter flare from the young class 111 star HD 283572
Joshua Bennett Lovell, Garrett K. Keating, David J. Wilner, Sean M. Andrews, Meredith MacGregor, Ramisa
Akther Rahman, Ramprasad Rao, Jonathan P. Williams % We present evidence of variable 1.3 millimeter emission

from the 1-3 Myr, SpT G2-G5 class III YSO, HD 283572. HD 283572 was observed on 8 dates with the Submillimeter

Array between 2021 December and 2023 May, a total on-source time of 10.2 hours, probing a range of timescales down
to 5.2 seconds. Averaging all data obtained on 2022 Jan 17 shows a 4.4 mJy (8.80) point source detection with a
negative spectral index (a=—2.7+1.2), with peak emission rising to 13.8 mJy in one 3 minute span, and 25 mJy in one
29.7 second integration (L, = 4.7 x 10'7 erg s—! Hz~!). Combining our data for the other 7 dates shows no detection,
with an rms noise of 0.24 mJy beam~!. The stochastic millimeter enhancements on time frames of seconds—minutes-
hours with negative spectral indices are most plausibly explained by synchrotron or gyro-synchrotron radiation from
stellar activity. HD 283572’s 1.3 mm light-curve has similarities with variable binaries, suggesting HD 283572’s activity
may have been triggered by interactions with an as-yet undetected companion. We additionally identify variability of
HD 283572 at 10 cm, from VLASS data. This study highlights the challenges of interpreting faint mm emission from
evolved YSOs that may host tenuous disks, and suggests that a more detailed temporal analysis of spatially unresolved
data is generally warranted. The variability of class III stars may open up new ground for understanding the physics
of flares in the context of terrestrial planet formation.




33.

Spatial Variations of Dust Opacity and Grain Growth in Dark Clouds: L1689, L1709
and L1712

Jun Li, Biwei Jiang, He Zhao, Xi Chen, Yang Yang % The far-infrared (FIR) opacity of dust in dark clouds within
the Ophiuchus molecular cloud is investigated through multi-wavelength infrared observations from UKIDSS, Spitzer
and Herschel. Employing the infrared color excess technique with both near-infrared (NIR) and mid-infrared (MIR)
photometric data, a high-resolution extinction map in the K band (Ag) is constructed for three dark clouds: L1689,
L1709, and L1712. The derived extinction map has a resolution of 1’ and reaches a depth of Ax ~ 3 mag. The
FIR optical depths 750 at a reference wavelength of 250 um are obtained by fitting the Herschel PACS and SPIRE
continuum data at 100, 160, 250, 350 and 500 pm using a modified blackbody model. The average dust opacity per
unit gas mass at 250um, rK950 is determined through a pixel-by-pixel correlation of 959 with A, yielding a value of
approximately 0.09 cm? g—!, which is about 2-3 times higher than the typical value in the diffuse interstellar medium
(ISM). Additionally, an independent analysis across 16 sub-regions within the Ophiuchus cloud indicates spatial
variations in dust opacity, with values ranging from 0.07-0.12cm? g=!. Although the observed trend of increasing
dust opacity with higher extinction implies grain growth, our findings indicate that rapid grain growth clearly not yet

occurred in the dark clouds studied in this work.




39.

Observations of high-order multiplicity in a high-mass stellar protocluster

Shanghuo Li, Patricio Sanhueza, Henrik Beuther, Huei-Ru Vivien Chen, Rolf Kuiper, Fernando A. Olguin,
Ralph E. Pudritz, Ian W. Stephens, Qizhou Zhang, Fumitaka Nakamura, Xing Lu, Rajika L. Kuruwita, Takeshi
Sakai, Thomas Henning, Kotomi Taniguchi, Fei Li % The dominant mechanism forming multiple stellar systems in
the high-mass regime (M, 2 8 My ) remained unknown because direct imaging of multiple protostellar systems at early
phases of high-mass star formation is very challenging. High-mass stars are expected to form in clustered environments
containing binaries and higher-order multiplicity systems. So far only a few high-mass protobinary systems, and no
definitive higher-order multiples, have been detected. Here we report the discovery of one quintuple, one quadruple, one
triple and four binary protostellar systems simultaneously forming in a single high-mass protocluster, (G333.23-0.06,
using Atacama Large Millimeter /submillimeter Array high-resolution observations. We present a new example of a
group of gravitationally bound binary and higher-order multiples during their early formation phases in a protocluster.
This provides the clearest direct measurement of the initial configuration of primordial high-order multiple systems,
with implications for the in situ multiplicity and its origin. We find that the binary and higher-order multiple
systems, and their parent cores, show no obvious sign of disk-like kinematic structure. We conclude that the observed
fragmentation into binary and higher-order multiple systems can be explained by core fragmentation, indicating its
crucial role in establishing the multiplicity during high-mass star cluster formation.



36.

JWST-MIRI Spectroscopy of Warm Molecular Emission and Variability in the AS 209
Disk

Carlos E. Munoz-Romero, Karin I. Oberg, Andrea Banzatti, Klaus M. Pontoppidan, Sean M. Andrews, David
J. Wilner, Edwin A. Bergin, Ian Czekala, Charles J. Law, Colette Salyk, Richard Teague, Chunhua Qi, Jennifer
B. Bergner, Jane Huang, Catherine Walsh, Viviana V. Guzman, L. Ilsedore Cleeves, Yuri Aikawa, Jaehan Bae,
Alice S. Booth, Gianni Cataldi, John D. Ilee, Romane Le Gal, Feng Long, Ryan A. Loomis, Francois Menard,
Yao Liu % We present MIRI MRS observations of the large, multi-gapped protoplanetary disk around the T-Tauri
star AS 209. The observations reveal hundreds of water vapor lines from 4.9 to 25.5 pm towards the inner ~ 1 au in
the disk, including the first detection of ro-vibrational water emission in this disk. The spectrum is dominated by hot

(~ 800 K) water vapor and OH gas, with only marginal detections of CO5, HCN, and a possible colder water vapor
component. Using slab models with a detailed treatment of opacities and line overlap, we retrieve the column density,
emitting area, and excitation temperature of water vapor and OH, and provide upper limits for the observable mass
of other molecules. Compared to MIRI spectra of other T-Tauri disks, the inner disk of AS 209 does not appear to
be atypically depleted in CO3 nor HCN. Based on Spitzer IRS observations, we further find evidence for molecular
emission variability over a 10-year baseline. Water, OH, and CO5 line luminosities have decreased by factors 2-4 in
the new MIRI epoch, yet there are minimal continuum emission variations. The origin of this variability is yet to be
understood.



37.

High-resolution ALMA observations of compact discs in the wide-binary system Sz 65
and Sz 66

J. M. Miley, J. Carpenter, R. Booth, J. Jennings, T. J. Haworth, M. Vioque, S. Andrews, D. Wilner, M.
Benisty, J. Huang, L. Perez, V. Guzman, L. Ricci, A. Isella % Substructures in disc density are ubiquitous in
the bright extended discs that are observed with high resolution. These substructures are intimately linked to the

physical mechanisms driving planet formation and disc evolution. Surveys of star-forming regions find that most
discs are in fact compact, less luminous, and do not exhibit these same substructures. It remains unclear whether

compact discs also have similar substructures or if they are featureless. This suggests that different planet formation
and disc evolution mechanisms operate in these discs. We investigated evidence of substructure within two compact
discs around the stars Sz 65 and Sz 66 using high angular resolution observations with ALMA at 1.3 mm. The two
stars form a wide-binary system with 6.36 arcsec separation. The continuum observations achieve a synthesised beam
major axis of 0.026 arcsec, equivalent to about 4.0 au, enabling a search for substructure on these spatial scales and a
characterisation of the gas and dust disc sizes with high precision. We analysed the data in the image plane through an
analysis of reconstructed images, as well as in the uv plane by modelling the visibilities and by an analysis of the 12CO
emission line. Comparisons were made with high-resolution observations of compact discs and radially extended discs.
We find evidence of substructure in the dust distribution of Sz 65, namely a shallow gap centred at approximately 20
au, with an emission ring exterior to it. Ninety percent of the measured continuum flux is found within 27 au, and the
distance for 12CO0 is 142 au. The observations show that Sz 66 is very compact: 90 per cent of the continuum flux is
contained within 16 au, and 48 au for the gas. While the overall prevalence and diversity of substructure in compact
discs relative to larger discs is yet to be determined, we find evidence that substructures can exist in compact discs.



38.

Angular Momentum Transport in Binary Star Formation: The Enhancement of Magneto-

Rotational Instability and Role of Outflows
Tomoaki Matsumoto % The formation of binary stars is highly influenced by magnetic fields, which play a crucial role

in transporting angular momentum. We conducted three-dimensional numerical simulations of binary star accretion
via a circumbinary disk, taking into account a magnetic field perpendicular to the disk and an infalling envelope. Our
simulations reproduce the following phenomena: (1) spiral arms associated with circumstellar disks, (2) turbulence in
the circumbinary disk, induced by magneto-rotational instability (MRI), (3) a fast outflow launched from each cir-
cumstellar disk, and (4) a slow outflow from the circumbinary disk. The binary models exhibit a higher a-parameter

than the corresponding single star models, indicating that the binary stars enhance MRI turbulence. Moreover, an
infalling envelope also enhance the turbulence, leading to a high a-parameter. While the spiral arms promotes radial
flow, causing transfer of mass and angular momentum within the circumbinary disk, the MRI turbulence and outflows
are main drivers of angular momentum transfer to reduce the specific angular momentum of the system.




40.

Aeolian erosion in protoplanetary discs: How impactful it is on dust evolution?

Stéphane Michoulier, Jean-Francgois Gonzalez, Evgeni Grishin, Clément Petetin % Context: Many barriers
prevent dust to form planetesimals via coagulation in protoplanetary discs, such as bouncing, collisional fragmentation
or aeolian erosion. Modelling dust and the different phenomena that can alter its evolution is therefore needed. Multiple
solutions have been proposed, but still need to be confirmed. Aims: In this paper, we explore the role aeolian erosion
plays in the evolution of dust. Methods: We use a monodisperse model to account for dust growth and fragmentation,
implemented in a 1D model to compute the evolution of single grains and a 3D SPH code to compute the global
evolution of dust and gas. We test the erosion model in our code and ensured it matches previous results. Results:
With a model of disc reproducing observations, we show with both 1D and 3D studies that erosion is not significant
during the evolution of dust when we take fragmentation into consideration. With a low-viscosity disc, fragmentation

is less of a problem, but grain growth is also less important, preventing the formation of large objects anyway. In dust
traps, close to the star, erosion is also not impactful, even when fragmentation is turned off. Conclusions: We show in

this paper that aeolian erosion is negligible when radial drift, fragmentation and dust traps are taken into account and
does not alter the dust evolution in the disc. However, it can have an impact on later stages, i.e. when the streaming
instability forms large clumps close to the star, or when planetesimals are captured.



41.

New method for estimating molecular cloud distances based on Gaia, 2MASS, and the
TRILEGAL galaxy model

Juan Mei, Zhiwei Chen, Zhibo Jiang, Sheng Zheng, Haoran Feng % We propose a new method for estimating the
distances of molecular clouds traced by CO line emission. Stars from 2MASS and Gaia EDR3 are selected as on-cloud
stars when they are projected on a cloud. The background on-cloud stars have redder colors on average than the
foreground stars. Instead of searching for stars projected away from the cloud, we employed the TRILEGA galaxy
model to mimic the stellar population without cloud extinction along the sightline toward the cloud. Our method
does not require an exact boundary of a cloud. The boundaries are highly variable and depend on the sensitivity of
the molecular line data. For each cloud, we compared the distributions of on-cloud stars to the TRILEGAL stellar
populations in the diagram of J — K color versus distance. The intrinsic J — K, colors of main-sequence and evolved
stars from TRILEGAL were considered separately, and they were used as the baseline for subtracting the observed

J — K¢ colors. The baseline-corrected J — K, color was deployed with the Bayesian analysis and Markov chain Monte
Carlo sampling to determine the distance at which the J — K, color jump is largest. This method was successfully

applied to measure the distances of 27 molecular clouds, which were selected from previously published cloud samples.
By replacing TRILEGAL with the GALAXIA galaxy model, we were able to measure the distances for 21 of the 27
clouds. The distances of the 21 clouds based on the GALAXIA model agree well with those based on the TRILEGAL
model. The distances of the 27 clouds estimated by this method are consistent with previous estimates. We will apply

this new method to a larger region of the gaseous galactic plane, in particular, for the inner galactic region, where a
region free of CO emission is hard to separate from the crowded field of clouds.






