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The Magnetic Field versus Density relation in Star-Forming Molecular Clouds

Sayantan Auddy, Shantanu Basu, Takahiro Kudoh # We study the magnetic field to density (B — p) relation in
turbulent molecular clouds with dynamically important magnetic fields using nonideal three-dimensional magnetohydrodynamic
simulations. Our simulations show that there is a distinguishable break density pr between the relatively flat low density regime
and a power-law regime at higher densities. We present an analytic theory for pr based on the interplay of the magnetic field,
turbulence, and gravity. The break density pr scales with the strength of the initial Alfvén Mach number M ap for sub-Alfvénic
( Mao < 1) and trans-Alfvénic (Map ~ 1) clouds. We fit the variation of pp for model clouds as a function of Mg, set by
different values of initial sonic Mach number M and the initial ratio of gas pressure to magnetic pressure 3. This implies that
pT, which denotes the transition in mass-to-flux ratio from the subcritical to supercritical regime, is set by the initial turbulent
compression of the molecular cloud.
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Hidden power of near-infrared data for the study of young clusters:
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ABSTRACT

Studies of star formation rely heavily on observations in the near-infrared, but they typically need information from other wavelengths
for interpretation. We show that we can infer distances and estimate the membership of young stellar objects for young clusters
independently using (ground-based) near-infrared, J, A, and K5 broadband data alone. We also show that we can estimate a lower
limit for the fraction of sources with 2.2 ym excess emission with a sensitivity comparable to that of mid-infrared space data, but
with better resolution and fewer biases. Finally, we show that the typical methods for inferring masses from these data may produce
substantially unreliable results. This method is applied to the young, massive cluster RCW 38, for which we estimate a distance of
1.5 kpe and a Kg-band excess fraction larger than 60%.

Key words. Stars: formation, Stars: fundamental parameters, Stars: luminosity function, mass function, Stars: pre-main sequence,
Methods: data analysis
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my=M,+DM+ A, + e,, (1)

where M, is the intrinsic magnitude of the source, and DM, A,
, and e, are the distance modulus (DM = 5log,,d — 5, where d
is the distance in parsec), the extinction, and the excess, respec-
tively, in magnitudes at the corresponding wavelength. e, relates
to flux units by

e, =—-2.5log(l +ry), (2)

where 1y = Fewcess/ Faine 18 the ratio of the flux from the cir-
cumstellar material, F ) oyces5, and the intrinsic, photospheric flux
of the YSO, F ;.. Since r, is always positive, e, is always neg-
ative.
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The chemical nature of Orion protostars: Are ORANGES different from PEACHES?
ORANGES I1

M. Bouvier, C. Ceccarelli, A. Lopez-Sepulcre, N. Sakai, S. Yamamoto, Y. -L. Yang % Understanding the chemical
past of our Sun and how life appeared on Earth is no mean feat. The best strategy we can adopt is to study newborn stars
located in an environment similar to the one in which our Sun was born and assess their chemical content. In particular, hot
corinos are prime targets since recent studies showed correlations between interstellar Complex Organic Molecules (iCOMs)
abundances from hot corinos and comets. The ORion ALMA New GEneration Survey (ORANGES) aims to assess the number
of hot corinos in the closest and best analogue to our Sun’s birth environment, the OMC-2/3 filament. In this context, we
investigated the chemical nature of 19 solar-mass protostars and found that 26% of our sample sources shows warm methanol
emission indicative of hot corinos. Compared to the Perseus low-mass star-forming region, where the PErseus ALMA CHEmistry
Survey (PEACHES) detected ~ 60% of hot corinos, the latter seem to be relatively scarce in the OMC-2/3 filament. While
this suggests that the chemical nature of protostars in Orion and Perseus is different, improved statistics are needed in order to

consolidate this result. If the two regions are truly different, this would indicate that the environment is likely playing a role in
shaping the chemical composition of protostars.

« PErseus ALMA CHEmistry Survey Tl&. hot corino Tcomplex organic molecule(comet & f8E9) A
1%

« OMC-2/37 4 7 X kTDhot corinoziA~7-, (ORion ALMA New GEneration Survey,
ORANGES)
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« PerseusTld. 60%H hot corino (Yang+ 2021)
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Optical and Near-infrared View of Planet-forming Disks and Protoplanets

M. Benisty, C. Dominik, K. Follette, A. Garufi, C. Ginski, J. Hashimoto, M. Keppler, W. Kley, J. Monnier
# In this chapter of the Protostars and Planets VII, we review the breakthrough progress that has been made in the field of
high-resolution, high-contrast optical and near-infrared imaging of planet-forming disks. These advancements include the direct
detection of protoplanets embedded in some disks, and derived limits on planetary masses in others. Morphological substructures,
including: rings, spirals, arcs, and shadows, are seen in all imaged infrared-bright disks to date, and are ubiquitous across spectral
types. These substructures are believed to be the result of disk evolution processes, and in particular disk-planet interactions.
Since small dust grains that scatter light are tightly bound to the disk’s gas, these observations closely trace disk structures
predicted by hydrodynamical models and serve as observational tests of the predictions of planet formation theories. We argue
that the results of current and next-generation high-contrast imaging surveys will, when combined with complementary data
from ALMA, lead to a much deeper understanding of the co-evolution of disks and planets, and the mechanisms by which
planets form.
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The Central 1000 au of a Pre-stellar Core Revealed with ALMA. II. Almost Complete
Freeze-out

Paola Caselli, Jaime E. Pineda, Olli Sipila, Bo Zhao, Elena Redaelli, Silvia Spezzano, Maria José Maureira,
Felipe Alves, Luca Bizzocchi, Tyler L. Bourke, Ana Chacon-Tanarro, Rachel Friesen, Daniele Galli, Jorma
Harju, Izaskun Jiménez-Serra, Eric Keto, Zhi-Yun Li, Marco Padovani, Anika Schmiedeke, Mario Tafalla,
Charlotte Vastel # Pre-stellar cores represent the initial conditions in the process of star and planet formation. Their low
temperatures (<10 K) allow the formation of thick icy dust mantles, which will be partially preserved in the future protoplanetary
disks, ultimately affecting the chemical composition of planetary systems. Previous observations have shown that carbon- and
oxygen-bearing species, in particular CO, are heavily depleted in pre-stellar cores due to the efficient molecular freeze-out onto
the surface of cold dust grains. However, N-bearing species such as NHj and, in particular, its deuterated isotopologues, appear
to maintain high abundances where CO molecules are mainly in solid phase. Thanks to ALMA, we present here the first clear
observational evidence of NH2D freeze-out toward the L1544 pre-stellar core, suggestive of the presence of a"complete-depletion
zone" within a ~1800 au radius, in agreement with astrochemical pre-stellar core model predictions. Our state-of-the-art
chemical model coupled with a non-LTE radiative transfer code demonstrates that NHsD becomes mainly incorporated in icy
mantles in the central 2000 au and starts freezing-out already at ~7000 au. Radiative transfer effects within the pre-stellar
core cause the NH2D(111-101) emission to appear centrally concentrated, with a flattened distribution within the central ~3000
au, unlike the 1.3 mm dust continuum emission which shows a clear peak within the central ~1800 au. This prevented NHaD
freeze-out to be detected in previous observations, where the central 1000 an cannot be spatially resolved.

« prestellar coreMCORIMNMIIAIZ X B ST IE. F/0H 58500 aullN T, B> TWL3 (Caselli+1999)
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Star formation in two irradiated globules around Cygnus OB2

F. Comerén, N. Schneider, A. A. Djupvik # We investigate the young stellar populations associated with DR 18 and
ECX 6-21, which are two isolated globules irradiated by the O-type stars of the Cygnus OB2 association. Both are HII regions
containing obvious tracers of recent and ongoing star formation. We also study smaller isolated molecular structures in their
surroundings. Both globules contain their own embedded populations, with a higher fraction of the less-evolved classes. Masses
and temperatures are estimated under the assumption of a common age of 1 Myr, which has been found to appropriately
represent the general Cygnus OB2 YSO population but is most probably an overestimate for both globules, especially ECX
6-21. The early-B star responsible for the erosion of DR 18 is found to be part of a small aggregate of intermediate-mass stars
still embedded in the cloud, which probably contains a second site of recent star formation, also with intermediate-mass stars.
We confirm the two main star forming sites embedded in ECX 6-21 described in previous works, with the southern site being
more evolved than the northern site. We also discuss the small globule ECX 6-21-W (= G79.8 + 1.2), and propose that its non
thermal radio spectrum is due to synchrotron emission from an embedded jet, whose existence is suggested by our observations.
The extreme youth of some of the YSOs suggests that star formation in both globules started after they became externally
irradiated. The populations of both globules are not found to be particularly rich, but they contain stars with estimated masses
similar or above that of the Sun in numbers that hint at some differences with respect to the star formation process taking
place in more quiescent regions where low-mass stars dominate, which deeper observations may confirm.

» Cygnus OB association OB E (C L 28 N H/-> T3 2 DDglobule(DR18
and ECX6-21) % #3381
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