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Table 3. The maximum likelihood models for each scenario. Degrees of freedom is indicated by DOF. Closure
phases and squared visibilites are denoted by CP and V?, respectively. Chi-squared and reduced chi-squared values
are indicated by x* and xZ, respectively.
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67 A Lithium Depletion Age for the Carina Association
Mackenna L. Wood, Andrew W. Mann, Madyson . Barber, Jonathan L. Bush, Reilly P. Milburn, Pa Chia
Thao, Stephen P. Schmidt, Benjamin M. Tofllemire, Adam L. Kraus
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Secondary outflow driven by the protostar Ser-emb 15 in Serpens

Asako Sato, Kazuki Tokuda, Masahiro N. Machida, Kengo Tachihara, Naoto Harada, Hayao Yamasaki, Shingo
Hirano, Toshikazu Onishi, Yuko Matsushita % We present the detection of a secondary outflow associated with a Class
I source, Ser-emb 15, in the Serpens Molecular Cloud. We reveal two pairs of molecular outflows consisting of three lobes,
namely primary and secondary outflows, using ALMA 12CO and SiO line observations at a resolution of 318 au. The secondary

outflow is elongated approximately perpendicular to the axis of the primary outflow in the plane of the sky. We also identify
two compact structures, Sources A and B, within an extended structure associated with Ser-emb 15 in the 1.3 mm continuum

emission at a resolution of 40 au. The projected sizes of Sources A and B are 137 au and 60 au, respectively. Assuming a

dust temperature of 20 K, we estimate the dust mass to be 0.0024 Msun for Source A and 0.00033 Msun for Source B. C180
line data imply the existence of rotational motion around the extended structure, however, cannot resolve rotational motion
in Source A and/or B, due to insufficient angular and frequency resolutions. Therefore, we cannot conclude whether Ser-emb
15 is a single or binary system. Thus, either Source A or B could drive the secondary outflow. We discuss two scenarios to
explain the driving mechanism of the primary and secondary outflows: the Ser-emb 15 system is (1) a binary system composed
of Source A and B or (2) a single star system composed of only Source A. In either case, the system could be a suitable target
for investigating the disk and/or binary formation processes in complicated environments. Detecting these outflows should
contribute to understanding complex star-forming environments, which may be common in the star-formation processes.



56 A rotating accretion disk around MWC297, a young B1.5 Ve star
Goran Sandell, William Vacca # High resolution spectra with iSHELL on IRTF in the K and M band of the young, heavily
accreting B 1.5e star MWC297 show numerous double-peaked CO lines. These CO lines originate in an inclined gaseous disk
in Keplerian rotation. MWC297 is the only early B star known to show a Keplerian disk in CO. Analysis of the spectra show
that 12C0O 1 - 0 is optically thick for the low excitation lines. Even the 13CO 1 - 0 and 12CO 2 - 1 have somewhat optically
thick lines at low J levels. We find that the CO emission in the disk can be fitted with CO being in a narrow ring at a radius of
12 AU, with a temperature of 1500 K, and a CO column density of 1.6 el8 cm-2. This model underestimates the line strength
of high J lines, indicating that they are excited by fluorescence. The CO overtone lines have a similar temperature, The 13CO
lines are much brighter than expected from interstellar isotope ratios. The 13CO lines are wider than the 12CO ones suggesting
different excitation conditions. The same is true for 12C0O 2 - 1. We see strong absorption in 12C0O and 13CO 1 - 0 at low J
levels, which is due to two two cold foreground clouds. These clouds, one with a temperature of 8.3 K and a column density
of 6.7 €17 cm-2, and the other one colder and with lower column density, can fully account for the observed extinction toward

MWC297.
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RZ Piscium Hosts a Compact and Highly Perturbed Debris Disk

Kate Y. L. Su, Grant M. Kennedy, George H. Rieke, A. Meredith Hughes, Yu-Chia Lin, Jamar Kittling, Alan
P. Jackson, Ramya M. Anche, Hauyu Baobab Liu % RZ Piscium (RZ Psc) is well-known in the variable star field
because of its numerous, irregular optical dips in the past five decades, but the nature of the system is heavily debated in the

literature. We present multiyear infrared monitoring data from Spitzer and WISE to track the activities of the inner debris
production, revealing stochastic infrared variability as short as weekly timescales that is consistent with destroying a 90-km-size

asteroid every year. ALMA 1.3 mm data combined with spectral energy distribution modeling show that the disk is compact

(~0.1-13 au radially) and lacks cold gas. The disk is found to be highly inclined and has a significant vertical scale height.
These observations confirm that RZ Psc hosts a close to edge-on, highly perturbed debris disk possibly due to migration of

recently formed giant planets which might be triggered by the low-mass companion RZ Psc B if the planets formed well beyond
the snowlines.
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HCN emission from translucent gas and UV-illuminated cloud edges revealed by wide-
field IRAM 30m maps of Orion B GMC: Revisiting its role as tracer of the dense gas

reservoir for star formation
M. G. Santa-Maria, J. IR. Goicoechea, J. Pety, M. Gerin, J. II. Orkisz, I'. Le Petit, L. Einig, P. Palud, V.

de Souza Magalhaes, I. Besli¢, L. Segal, S. Bardeau, E. Bron, P. Chainais, J. Chanussot, P. Gratier, V. V.
Guzman, A. Hughes, D. Languignon, F. Levrier, D. C. Lis, H. S. Liszt, J. Le Bourlot, Y. Oya, K. C)berg, N.
Peretto, E. Roueff, A. Roueff, A. Sievers, P. -A. Thouvenin, S. Yamamoto % We present 5 deg® ( 250 pc*) HCN,
HNC, HCO+, and CO J=1-0 maps of the Orion B GMC, complemented with existing wide-field [CI| 492 GHz maps, as well
as new pointed observations of rotationally excited HCN, HNC, H13CN, and HN13C lines. We detect anomalous HCN J=1-0

hyperfine structure line emission almost everywhere in the cloud. About 70% of the total HCN J=1-0 luminosity arises from gas
at Ay < 8 mag. The HCN/CO J=1-0 line intensity ratio shows a bimodal behavior with an inflection point at Ay < 3 mag

typical of translucent gas and UV-illuminated cloud edges. We find that most of the HCN J=1-0 emission arises from extended

gas with n(H2) < 10* cm™?, even lower density gas if the ionization fraction is > 107" and electron excitation dominates. This
result explains the low-Ay branch of the HCN/CO J=1-0 intensity ratio distribution. Indeed, the highest HCN/CO ratios ( 0.1)

at Ay < 3 mag correspond to regions of high [CI] 492 GHz/CO J=1-0 intensity ratios (>1) characteristic of low-density PDRs.

Enhanced FUV radiation favors the formation and excitation of HCN on large scales, not only in dense star-forming clumps.
The low surface brightness HCN and HCO+ J=1-0 emission scale with Ip;r (a proxy of the stellar FUV radiation field) in

a similar way. Together with CO J=1-0, these lines respond to increasing Irrr up to GO 20. On the other hand, the bright
HCN J=1-0 emission from dense gas in star-forming clumps weakly responds to Iprr once the FUV radiation field becomes too

intense (G0>1500). The different power law scalings (produced by different chemistries, densities, and line excitation regimes)
in a single but spatially resolved GMC resemble the variety of Kennicutt-Schmidt law indexes found in galaxy averages. As a

corollary for extragalactic studies, we conclude that high HCN/CO J=1-0 line intensity ratios do not always imply the presence
of dense gas.
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How much large dust could be present in hot exozodiacal dust systems?
T. A. Stuber, F. Kirchschlager, T. D. Pearce, S. Ertel, A. V. Krivov, S. Wolf % An infrared excess over the
stellar photospheric emission of main-sequence stars has been found in interferometric surveys, commonly attributed to the

presence of hot exozodiacal dust (HEZD). While submicrometer-sized grains in close vicinity to their host star have been
inferred to be responsible for the found near-infrared excesses, the presence and amount of larger grains as part of the dust
distributions are weakly constrained. We quantify how many larger grains (above-micrometer-sized) could be present in addition
to submicrometer-sized grains, while being consistent with observational constraints. This is important in order to distinguish
between various scenarios for the origin of HEZD and to better estimate its observational appearance when observed with
future instruments. We extended a model suitable to reproduce current observations of HEZD to investigate a bimodal size

distribution. By deriving the characteristics of dust distributions whose observables are consistent with observational limits
from interferometric measurements in the K and N bands we constrained the radii of sub- and above-micrometer-sized grains
as well as their mass, number, and flux density ratios. In the most extreme cases of some of the investigated systems, large
grains 2 10 um might dominate the mass budget of HEZD while contributing up to 25% of the total flux density originating
from the dust at a wavelength of 2.13 um and up to 50% at a wavelength of 4.1 um; at a wavelength of 11.1 um their emission
might clearly dominate over the emission of small grains. While it is not possible to detect such hot-dust distributions using

ALMA, the ngVLA might allow us to detect HEZD at millimeter wavelengths. Large dust grains might have a more important
impact on the observational appearance of HEZD than previously assumed, especially at longer wavelengths.



g0 Rapid Dust Growth During Hydrodynamic Clumping Due to Streaming Instability

Ryosuke T. Tominaga, Hidekazu Tanaka # Streaming instability is considered to be one of the dominant processes to
promote planetesimal formation by gravitational collapse of dust clumps. The development of streaming instability is expected

to form dust clumps in which the local dust density is strongly enhanced and even greater than the Roche density. The resulting

clumps can collapse to form planetesimals. Recent simulations conducted long-term simulations and showed that such strong
clumping occurs in a wider parameter space than previously expected. However, the indicated timescale for strong clumping

can be on the order of tens to hundreds Keplerian periods. In this paper, we estimate the growth time of dust grains during the

pre-clumping phase. We find that the dust growth considerably proceeds before the strong clumping because even the moderate
clumping due to streaming instability increases the local dust-to-gas ratio 2 10. Depending on the gas sound speed, the dust

collision velocity can be kept below ~ 1 m/s once sufficiently strong dust clumping occurs. Thus, even silicate grains might

have the potential to grow safely toward the size whose Stokes number is unity during the clumping. Our results demonstrate
the importance of local dust coagulation during the dust clumping due to streaming instability.
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Planet migration in massive circumbinary discs

Matthew Teasdale, Dimitris Stamatellos % Most stars are in multiple systems, with the majority of those being binaries.
A large number of planets have been confirmed in binary stars and therefore it is important to understand their formation
and dynamical evolution. We perform simulations to investigate the migration of wide-orbit giant planets (semi-major axis 100
AU) in massive circumbinary discs (mass 0.1 M) that are marginally gravitationally unstable, using the three-dimensional
Smooth Particle IIydrodynamic code SEIRRIEN. We vary the binary parameters to explore their effect on planet migration. We
find that a planet in a massive circumbinary disc initially undergoes a period of rapid inward migration before switching to a
slow outward migration, as it does in a circumstellar disc. However, the presence of the binary enhances planet migration and
mass growth. We find that a high binary mass ratio (binary with equal mass stars) results in more enhanced outward planet
migration. Additionally, larger binary separation and/or higher binary eccentricity results to a faster outward planet migration
and stronger planet growth. We conclude that wide-orbit giant planets attain wider final orbits due to migration around binary
stars than around single stars.
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Early Planet Formation in Embedded Disks (eDisk). VIII. A Small Protostellar Disk

around the Extremely Low-Mass and Young Class 0 Protostar, IRAS 15398-3359
Travis J. Thieme, Shih-Ping Lai, Nagayoshi Ohashi, John J. Tobin, Jes K. Jgrgensen, Jinshi Sai, Yusuke Aso,

Jonathan P. Williams, Yoshihide Yamato, Yuri Aikawa, Itziar de Gregorio-Monsalvo, Ilseung Han, Woojin
Kwon, Chang Won Lee, Jeong-Eun Lee, Zhi-Yun Li, Zhe-Yu Daniel Lin, Leslie W. Looney, Suchitra Narayanan,
Nguyen Thi Phuong, Adele L. Plunkett, Alejandro Santamaria-Miranda, Rajeeb Sharma, Shigehisa Takakuwa,
Hsi-Wei Yen # Protostellar disks are a ubiquitous part of the star formation process and the future sites of planet formation.

As part of the Early Planet Formation in Embedded Disks (eDisk) large program, we present high-angular resolution dust

continuum (~ 40mas) and molecular line (~ 150 mas) observations of the Class 0 protostar, IRAS 15398-3359. The dust
continuum is small, compact, and centrally peaked, while more extended dust structures are found in the outflow directions.

We perform a 2D Gaussian fitting to find the deconvolved size and 20 radius of the dust disk to be 4.5 X 2.8 au and 3.8 au,

respectively. We estimate the gas+dust disk mass assuming optically thin continuum emission to be 0.6 — 1.8 Mj,, indicating
a very low-mass disk. The CO isotopologues trace components of the outflows and inner envelope, while SO traces a compact,

rotating disk-like component. Using several rotation curve fittings on the PV diagram of the SO emission, the lower limits of

the protostellar mass and gas disk radius are 0.022 M and 31.2 au from our Modified 2 single power-law fitting. A conservative
upper limit of the protostellar mass is inferred to be 0.1 M. The protostellar mass-accretion rate and the specific angular

momentum at the protostellar disk edge are found to be between 1.3 — 6.1 x 107° My yr~' and 1.2 — 3.8 x 10" *kms™ ! pc,
respectively, with an age estimated between 0.4 — 7.5 x 10*yr. At this young age with no clear substructures in the disk,

planet formation would likely not yet have started. This study highlights the importance of high-resolution observations and
systematic fitting procedures when deriving dynamical properties of deeply embedded Class 0 protostars.
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ALMA-IMF IX: Catalog and Physical Properties of 315 SiO Outflow Candidates in 15

Massive Protoclusters
A. P. M. Towner, A. Ginsburg, P. Dell’Ova, A. Gusdorf, S. Bontemps, T. Csengeri, R. Galvan-Madrid, F. K.

Louvet, F. Motte, P. Sanhueza, A. M. Stutz, J. Bally, T. Baug, H. R. V. Chen, N. Cunningham, M. Fernandez-
Lopez, H. -L. Liu, X. Lu, T. Nony, M. Valeille-Manet, B. Wu, R. H. Alvarez-Gutiérrez, M. Bonfand, J.

Di Francesco, Q. Nguyen-Luong, F. Olguin, A. P. Whitworth % We present a catalog of 315 protostellar outflow

candidates detected in SiO J=5-4 in the ALMA-IMF Large Program, observed with 2000 au spatial resolution, 0.339 km/s
velocity resolution, and 2-12 mJy/beam (0.18-0.8 K) sensitivity. We find median outflow masses, momenta, and kinetic energies

of 0.3 Mg, 4 Mg km/s, and 10*° erg, respectively. Median outflow lifetimes are 6,000 years, yielding median mass, momentum,
and energy rates of M = 107** Mg yr ', P = 1072 Mg km/s yr™ !, and E = 1 L. We analyze these outflow properties

in the aggregate in each field. We find correlations between field-aggregated SiO outflow properties and total mass in cores

( 3—50), and no correlations above 3¢ with clump mass, clump luminosity, or clump luminosity-to-mass ratio. We perform
a linear regression analysis and find that the correlation between field-aggregated outflow mass and total clump mass - which

has been previously described in the literature - may actually be mediated by the relationship between outflow mass and total
mass in cores. We also find that the most massive SiO outflow in each field is typically responsible for only 15-30% of the total
outflow mass (60% upper limit). Our data agree well with the established mechanical force-bolometric luminosity relationship
in the literature, and our data extend this relationship up to L > 10° L and P > 1 Mg km/s yr~'. Our lack of correlation
with clump L/M is inconsistent with models of protocluster formation in which all protostars start forming at the same time.
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Characterizing the line emission from molecular clouds. II. A comparative study of
California, Perseus, and Orion A

M. Tafalla, A. Usero, A. Hacar #« Aims. We characterize the molecular-line emission of three clouds whose star-formation
rates span one order of magnitude: California, Perseus, and Orion A. Methods. We use stratified random sampling to select
positions representing the different column density regimes of each cloud and observe them with the IRAM-30m telescope. We
cover the 3 mm wavelength band and focus our analysis on CO, HCN, CS, HCO+, HNC, and N2H+. Results. We find that the
line intensities depend most strongly on the H2 column density. A secondary effect, especially visible in Orion A, is a dependence
of the line intensities on the gas temperature. We explored a method that corrects for temperature variations and show that,
when it is applied, the emission from the three clouds behaves very similarly. CO intensities vary weakly with column density,

while the intensity of traditional dense-gas tracers such as HCN, CS, and HCO+ varies almost linearly with column density.
N2H+ differs from all other species in that it traces only cold dense gas. The intensity of the rare HCN and CS isotopologs

reveals additional temperature-dependent abundance variations. Overall, the clouds have similar chemical compositions that,

as the depth increases, are sequentially dominated by photodissociation, gas-phase reactions, molecular freeze-out, and stellar
feedback in the densest parts of Orion A. Our observations also allowed us to calculate line luminosities for each cloud, and a

comparison with literature values shows good agreement. We used our HCN data to explore the behavior of the HCN conversion
factor, finding that it is dominated by the emission from the outermost cloud layers. It also depends strongly on the gas kinetic

temperature. Finally, we show that the HCN/CO ratio provides a gas volume density estimate, and that its correlation with
the column density resembles that found in extragalactic observations.
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Exploring the Formation of Resistive Pseudodisks with the GPU Code Astaroth
Miikka S. Vaisala, Hsien Shang, Daniele Galli, Susana Lizano, Ruben Krasnopolsky % Pseudodisks are dense

structures formed perpendicular to the direction of the magnetic field during the gravitational collapse of a molecular cloud

core. Numerical simulations of the formation of pseudodisks are usually computationally expensive with conventional CPU
codes. To demonstrate the proof-of-concept of a fast computing method for this numerically costly problem, we explore the

GPU-powered MHD code Astaroth, a 6th-order finite difference method with low adjustable finite resistivity implemented with

sink particles. The formation of pseudodisks is physically and numerically robust and can be achieved with a simple and clean
setup for this newly adopted numerical approach for science verification. The method’s potential is illustrated by evidencing

the dependence on the initial magnetic field strength of specific physical features accompanying the formation of pseudodisks,

e.g. the occurrence of infall shocks and the variable behavior of the mass and magnetic flux accreted on the central object. As
a performance test, we measure both weak and strong scaling of our implementation to find most efficient way to use the code

on a multi-GPU system. Once suitable physics and problem-specific implementations are realized, the GPU-accelerated code is
an efficient option for 3-D magnetized collapse problems.
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The dependence of the structure of planet-opened gaps in protoplanetary disks on ra-
diative cooling

Minghao Zhang, Pinghui Huang, Ruobing Dong # Planets can excite density waves and open annular gas gaps in
protoplanetary disks. The depth of gaps is influenced by the evolving angular momentum carried by density waves. While the
impact of radiative cooling on the evolution of density waves has been studied, a quantitative correlation to connect gap depth
with the cooling timescale is lacking. To address this gap in knowledge, we employ the grid-based code Athena-+-+ to simulate
disk-planet interactions, treating cooling as a thermal relaxation process. We establish quantitative dependences of steady-state
gap depth (Eq. 36) and width (Eq. 41) on planetary mass, Shakura-Sunyaev viscosity, disk scale height, and thermal relaxation
timescale (3). We confirm previous results that gap opening is the weakest when thermal relaxation timescale is comparable to
local dynamical timescale. Significant variations in gap depth, up to an order of magnitude, are found with different 3. In terms

of width, a gap is at its narrowest around 3 = 1, approximately 10% to 20% narrower compared to the isothermal case. When
B ~ 100, it can be ~ 20% wider, and higher viscosity enhances this effect. We derive possible masses of the gas gap-opening

planets in AS 209, HD 163296, MWC 480, and HL Tau, accounting for the uncertainties in local thermal relaxation timescale.



