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Sub-mm Wavelength Polarimetry of IRC+10 216
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Sub-mm Wavelength Polarimetry of IRC+10 216
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Dynamics in Star-forming Cores (DiSCo): project overview and the first
look towards the B1 and NGC 1333 regions in Perseus
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Dynamics in Star-forming Cores (DiSCo): project overview and the first
look towards the B1 and NGC 1333 regions in Perseus
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JWST Observations of JOYS+: Mid-infrared detection of gas-phase SO, emission
in a low-mass protostar

The case of NGC 1333 IRAS 2A: Hot core or accretion shock?
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JOYS+: Mid-infrared detection of gas-phase SO, emission
in a low-mass protostar

The case of NGC 1333 IRAS 2A: Hot core or accretion shock? Dir
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An outburst and FU Ori-type disk of a former low luminosity

protostar

Mizna Ashraf,'* Jessy Jose! 1, Ho-Gyu Lee?, Carlos Contreras Pefia>*, Gregory J Herczeg>®,

Hanpu Liu>%, Doug Johnstone’:® and Jeong-Eun Lee>”

ABSTRACT

Strong accretion outbursts onto protostars are associated with emission dominated by a
viscously heated disk, which is characterized by high luminosities. We report the discovery
and characterization of a strong mid-IR (3.4, 4.6 um) outburst in the embedded protostar SST-
gbs J21470601+4739394 (hereafter SSTgbsJ214706). SSTgbsJ214706 has steadily brightened
in the mid-infrared by ~ 2 magnitudes over the past decade, as observed by NEOWISE.
Follow-up investigations with the Gemini near-IR spectrograph reveal that SSTgbsJ214706 is
a binary system with a spatially extended outflow. The outburst is occurring on the more em-
bedded southeast (SE) component, which dominates the mid- and far-infrared emission from
the source. The outbursting component exhibits a spectrum consistent with an FU Ori-type
outburst, including the presence of enhanced absorption observed in the molecular bands of
CO. The luminosity of the SE component is estimated to be ~ 0.23 L before the outburst and
~ 0.95 L during the outburst, which is 1 to 2 orders of magnitude fainter than bonafide FU
Ori outbursts. We interpret this eruption as an FU Ori-type outburst, although the possibility of
brightening following an extinction episode cannot be ruled out. We discuss the implications
and potential explanations for such a low-luminosity eruption.
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a-enhanced astrochemistry: the carbon cycle in extreme galactic
conditions

Thomas G. Bisbas *,'* Zhi-Yu Zhang ' ,>** Eda Gjergo " ,>* Ying-He Zhao *',*> Gan Luo ,%?
Donghui Quan *,"” Xue-Jian Jiang *,' Yichen Sun "’ ,>* Theodoros Topkaras,® Di Li “*!!1° and Ziyi Guo*?

ABSTRACT

Astrochemistry has been widely developed as a power tool to probe the physical properties of the interstellar medium (ISM)
in various conditions of the Milky Way (MW) Galaxy, and in near and distant galaxies. Most current studies conventionally
apply linear scaling to all elemental abundances based on the gas-phase metallicity. However, these elements, including carbon
and oxygen, are enriched differentially by stellar nucleosynthesis and the overall galactic chemical evolution, evident from
a-enhancement in multiple galactic observations such as starbursts, high-redshift star-forming galaxies, and low-metallicity
dwarfs. We perform astrochemical modelling to simulate the impact of an a-enhanced ISM gas cloud on the abundances of
the three phases of carbon (C*, C, CO) dubbed as ‘the carbon cycle’. The ISM environmental parameters considered include
two cosmic-ray ionization rates ({cg = 107!7 and 10713 s71), two isotropic FUV radiation field strengths (x/xo = 1 and 10?),
and (sub-)linear dust-to-gas relations against metallicity, mimicking the ISM conditions of different galaxy types. In galaxies
with [C/O] < 0, CO, C, and C*, all decrease in both abundances and emission, though with differential biases. The low-J CO
emission is found to be the most stable tracer for the molecular gas, while C and C* trace H, gas only under limited conditions,
in line with recent discoveries of [CI]-dark galaxies. We call for caution when using [C11] 158 um and [C1](1-0) as alternative
H;,-gas tracers for both diffuse and dense gas with non-zero [C/O] ratios.
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Tilman Birnstiel

Abstract

Over the past decade, advancement of observational capabilities, specif-
ically the Atacama Large Millimeter /submillimeter Array (ALMA) and
SPHERE instrument, alongside theoretical innovations like pebble ac-
cretion, have reshaped our understanding of planet formation and the
physics of protoplanetary disks. Despite this progress, mysteries persist
along the winded path of micrometer-sized dust, from the interstellar
medium, through transport and growth in the protoplanetary disk, to
becoming gravitationally bound bodies. This review outlines our cur-
rent knowledge of dust evolution in circumstellar disks, yielding the
following insights:

e Theoretical and laboratory studies have accurately predicted the
growth of dust particles to sizes that are susceptible to accumu-
lation through transport processes like radial drift and settling.

e Critical uncertainties in that process remain the level of tur-
bulence, the threshold collision velocities at which dust growth
stalls, and the evolution of dust porosity.

e Symmetric and asymmetric substructure are widespread. Dust
traps appear to be solving several long-standing issues in planet
formation models, and they are observationally consistent with
being sites of active planetesimal formation.

e In some instances, planets have been identified as the causes be-
hind substructures. This underlines the need to study earlier
stages of disks to understand how planets can form so rapidly.

In the future, better probes of the physical conditions in optically thick
regions, including densities, turbulence strength, kinematics, and par-
ticle properties will be essential for unraveling the physical processes at
play.
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2a Results: Galaxy to cloud scales

Clare Dobbs 1+

ABSTRACT

Simulations from the scales of isolated galaxies to clouds have been instrumental in informing
us about molecular cloud formation and evolution. Simulations are able to investigate the roles
of gravity, feedback, turbulence, heating and cooling, and magnetic fields on the physics of the
interstellar medium, and star formation. Compared to simulations of individual clouds, galactic
and sub-galactic scale simulations can include larger galactic scale processes such as spiral
arms, bars, and larger supernovae bubbles, which may influence star formation. Simulations
show cloud properties and lifetimes in broad agreement with observations. Gravity and spiral
arms are required to produce more massive GMCs, whilst stellar feedback, likely photoionisation,
leads to relatively short cloud lifetimes. On larger scales, supernovae may be more dominant
in driving the structure and dynamics, but photoionisation may still have a role. In terms of
the dynamics, feedback is probably the main driver of velocity dispersions, but large scale
processes such as gravity and spiral arms may also be significant. Magnetic fields are generally
found to decrease star formation on galaxy or cloud scales, and simulations are ongoing to study
whether clouds are sub or supercritical on different scales in galaxy scale simulations. Simulations
on subgalactic scales, or zoom in simulations, allow better resolution of feedback processes,
filamentary structure within clouds, and the study of stellar clusters.
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DOES GOD PLAY DICE WITH STAR CLUSTERS?

, DAvID GuszeiNnov®|
PHILIP F. HOPKINS®

MICHAEL Y. GRUDICHT® | STELLA S. R. OFFNER?

ABSTRACT

When a detailed model of a stellar population is unavailable, it is most common to assume that stellar
masses are independently and identically distributed according to some distribution: the universal
initial mass function (IMF). However, stellar masses resulting from causal, long-ranged physics cannot
be truly random and independent, and the IMF may vary with environment. To compare stochastic
sampling with a physical model, we run a suite of 100 STARFORGE radiation magnetohydrodynamics
simulations of low-mass star cluster formation in 2000M clouds that form ~ 200 stars each on
average. The stacked IMF from the simulated clouds has a sharp truncation at ~ 28M,, well below
the typically-assumed maximum stellar mass M, ~ 100 — 150M and the total cluster mass. The
sequence of star formation is not totally random: massive stars tend to start accreting sooner and
finish later than the average star. However, final cluster properties such as maximum stellar mass
and total luminosity have a similar amount of cloud-to-cloud scatter to random sampling. Therefore
stochastic sampling does not generally model the stellar demographics of a star cluster as it is forming,
but may describe the end result fairly well, if the correct IMF — and its environment-dependent upper
cutoff — are known.
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JWST Reveals Widespread CO Ice and Gas Absorption in the Galactic Center Cloud
G0.2534-0.016

Adam Ginsburgl , Ashley T. Barnes” , Cara D. Battersby3 , Alyssa Bulatek , Savannah Gramze'
Jonathan D. He‘nshaw4’5 , Desmond Jeft! , Xing Lu® ,E. A. C. Mills’ , and Daniel L. Walker®

Abstract

We report JWST NIRCam observations of G0.253+0.016, the molecular cloud in the Central Molecular Zone
known as “The Brick,” with the F182M, F187N, F212N, F410M, F405N, and F466N filters. We catalog 56,146
stars detected in all six filters using the crowdsource package. Stars within and behind The Brick exhibit
prodigious absorption in the F466N filter that is produced by a combination of CO ice and gas. In support of this
conclusion, and as a general resource, we present models of CO gas and ice and CO, ice in the F466N, F470N, and
F410M filters. Both CO gas and ice contribute to the observed stellar colors. We show, however, that CO gas does
not absorb the Pf3 and Hue lines in F466N, but that these lines show excess absorption, indicating that CO ice is
present and contributes to observed FA66N absorption. The most strongly absorbed stars in F4A66N are extincted by
~?2 mag, corresponding to >80% flux loss. This high observed absorption requires very high column densities of
CO, and thus a total CO column that is in tension with standard CO abundance and/or gas-to-dust ratios. This
result suggests the CO/H, ratio and dust-to-gas ratio are greater in the Galactic Center than in the Galactic disk. Ice
and /or gas absorption is observed even in the cloud outskirts, implying that additional caution is needed when
interpreting stellar photometry in filters that overlap with ice bands throughout galactic centers.
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The influence of accretion bursts on methanol and water in
massive young stellar objects

R. Guadarrama', E. 1. Vorobyov'-2, Ch. Rab>*, M. Giidel >, A. Caratti o Garatti®’, A. M. Sobolev®

Context. The effect of accretion bursts on massive young stellar objects (MYSOs) represents a new research field in the study of
young stars and their environment. The impact of such bursts on the disc and envelope has been observed and plays the role of a
"smoking gun" providing information about the properties of the burst itself.

Aims. We aim to investigate the impact of an accretion burst on massive disks with different types of envelopes and to study the effects
of an accretion burst on the temperature structure and the chemistry of the disk. We focus on water and methanol as chemical species
for this paper.

Methods. The thermochemical code of PRODIMO (PROtoplanetary DIsk MOdel) is used to perform simulation of high mass proto-
planetary disk models with different types of envelopes under the presence of an accretion burst. The models in question represent
different evolutionary stages of protostellar objects. We calculate and show the chemical abundances in three phases of the simulation
(pre-burst, burst, and post-burst).

Results. More heavily embedded disks show higher temperatures. The impact of the accretion burst is mainly characterized by the
desorption of chemical species present in the disk and envelope from the dust grains to the gas phase. When the post-burst phase starts,
the sublimated species freeze out again. The degree of sublimation depends strongly on the type of envelope the disk is embedded in.
An accretion burst in more massive envelopes produces stronger desorption of the chemical species. However, our models show that
the timescale for the chemistry to reach the pre-burst state is independent of the type of envelope.

Conclusions. The study shows that the disk’s temperature increases with a more massive envelope enclosing it. Thus, the chemistry
of MY SOs in earlier stages of their evolution reacts stronger to an accretion burst than at later stages where the envelope has lost most
of its mass or has been dissipated. The study of the impact of accretion bursts could also provide helpful theoretical context to the
observation of methanol masers in massive disks.

EEN—X DL BRI OANO—T2Z2RHOAEEARICEX 388z, KEXX/—ILOLEHMHEICERL
T#HN%, PRODIMOO—FZRAWT. ERSELREICHISEERRIXERABE> I aL -1, 2D
ER. LDEDAFNEABRTIEBENE . N—X ML >TH R MIH B[RO FEEDOBBENFE C 3
Cehtbhhofc BMDOREEIITORO-TDEEICKEFT SN (LFRBIEFTOANO—-TOBEICL 5T /N —
2 EIDRIEICR B RADHRIE. £DRVERBEICEVWTN—I MILDBIRIETZ e 2REBLT
EH. REEMARICEITEXZ /- X—H—ICDOVTDRRZEXZHDTH B,




