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Prestellar grain-surface origins of deuterated methanol in comet 67P/ Churyumov- Gerasimenko
Maria N. Drozdovskaya et al.

ABSTRACT

Deuterated methanol is one of the most robust windows astrochemists have on the individual
chemical reactions forming deuterium-bearing molecules and the physicochemical history of
the regions where they reside. The first-time detection of mono- and di-deuterated methanol
in a cometary coma is presented for comet 67P/Churyumov—Gerasimenko using Rosetta—
ROSINA data. D-methanol (CH30D and CH2DOH combined) and D2-methanol (CH2DOD
and CHD,OH combined) have an abundance of 5.5 4+ 0.46 and 0.00069 + 0.00014 per cent
relative to normal methanol. The data span a methanol deuteration fraction (D/H ratio) in the
0.71 — 6.6 per cent range, accounting for statistical corrections for the location of D in the
molecule and including statistical error propagation in the ROSINA measurements. It is ar-
gued that cometary CH,DOH forms from CO hydrogenation to CH3OH and subsequent H-D
substitution reactions in CH3z-R. CHD,OH is likely produced from deuterated formaldehyde.
Meanwhile, CH30D and CH;DOD, could form via H-D exchange reactions in OH-R in the
presence of deuterated water ice. Methanol formation and deuteration is argued to occur at the
same epoch as D50 formation from HDO, with formation of mono-deuterated water, hydro-
gen sulfide, and ammonia occurring prior to that. The cometary D-methanol/methanol ratio
is demonstrated to agree most closely with that in prestellar cores and low-mass protostellar
regions. The results suggest that cometary methanol stems from the innate cold (10 — 20 K)
prestellar core that birthed our Solar System. Cometary volatiles individually reflect the evo-
lutionary phases of star formation from cloud to core to protostar.
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An observational correlation between magnetic field, angular momentum and fragmentation in
the envelopes of Class 0 protostars?
Maud Galametz et al.

ABSTRACT

Aims. Our main goal in this analysis is to assess the potential role of magnetic fields in regulating the envelope rotation, the formation
of disks, and the fragmentation of Class 0 protostars in multiple systems.

Methods. We used the Submillimeter Array to carry out observations of the dust polarized emission at 0.87 mm in the envelopes
of a large sample of 20 Class 0 protostars. We estimated the mean magnetic field orientation over the central 1000 au envelope
scales to characterize the orientation of the main component of the organized magnetic field at the envelope scales in these embedded
protostars. This direction was compared to that of the protostellar outflow in order to study the relation of their misalignment and the
kinematics of the circumstellar gas. The latter is traced through the velocity gradient that is observed in the molecular line emission
(mainly N;H") of the gas at intermediate envelope scales.

Results. We discover that the misalignment of the magnetic field orientation is strongly related to the outflow and the amount of
angular momentum observed at similar scales in the protostellar envelope. This reveals a potential link between the kinetic and
the magnetic energy at envelope scales. The relation could be driven by favored B-misalignments in more dynamical envelopes or
by a dependence of the envelope dynamics on the initial large-scale B configuration. By comparing the trend with the presence of
fragmentation, we observe that single sources are mostly associated with conditions of low angular momentum in the inner envelope
and good alignment of the magnetic field with protostellar outflows at intermediate scales. Our results suggest that the properties of
the magnetic field in protostellar envelopes are tightly related to the rotating infalling gas that is directly involved in the formation of
stars and disks: we find that it may not only affect the fragmentation of protostellar cores into multiple stellar systems, but also sets
the conditions that establish the pristine properties of planet-forming disks.
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Herschel Gould Belt Survey Observations of Dense Cores in the Cepheus Flare Clouds
James Di Francesco et al.

ABSTRACT

We present Herschel SPIRE and PACS maps of the Cepheus Flare clouds L1157, L1172, L1228,
L1241, and L1251, observed by the Herschel Gould Belt Survey (HGBS) of nearby star-forming molec-
ular clouds. Through modified blackbody fits to the SPIRE and PACS data, we determine typical
cloud column densities of 0.5-1.0 x 10°' em ™ and typical cloud temperatures of 14-15 K. Using the
getsources identification algorithm, we extract 832 dense cores from the SPIRE and PACS data at
160-500 pm. From placement in a mass vs. size diagram, we consider 303 to be candidate prestellar
cores, and 178 of these to be “robust” prestellar cores. From an independent extraction of sources
at 70 pm, we consider 25 of the 832 dense cores to be protostellar. The distribution of background
column densities coincident with candidate prestellar cores peaks at 2-4 x 10%! ecm™2. About half
of the candidate prestellar cores in Cepheus may have formed due to the widespread fragmentation
expected to occur within filaments of “transcritical” line mass. The lognormal robust prestellar core
mass function (CMF) drawn from all five Cepheus clouds peaks at 0.56 M, and has a width of ~0.5
dex, similar to that of Aquila’s CMF. Indeed, the width of Cepheus’ aggregate CMF is similar to the
stellar system Initial Mass Function (IMF). The similarity of CMF widths in different clouds and the
system IMF suggests a common, possibly turbulent origin for seeding the fluctuations that evolve into
prestellar cores and stars.



The Herschel Orion Protostar Survey: Far-Infrared Photometry and Colors of Protostars and Their
Variations across Orion A and B
William J. Fischer et al.

ABSTRACT

The degree to which the properties of protostars are affected by environment remains an open question. To investigate
this, we look at the Orion A and B molecular clouds, home to most of the protostars within 500 pc. At ~ 400 pc,
Orion is close enough to distinguish individual protostars across a range of environments in terms of both the stellar
and gas projected densities. As part of the Herschel Orion Protostar Survey (HOPS), we used the Photodetector
Array Camera and Spectrometer (PACS) to map 108 partially overlapping square fields with edge lengths of 5" or &
and measure the 70 ym and 160 pm flux densities of 338 protostars within them. In this paper we examine how these
flux densities and their ratio depend on evolutionary state and environment within the Orion complex. We show that
Class 0 protostars occupy a region of the 70 ym flux density versus 160 pm to 70 ym flux density ratio diagram that is
distinct from their more evolved counterparts. We then present evidence that the Integral-Shaped Filament (ISF) and
Orion B contain protostars with more massive envelopes than those in the more sparsely populated LDN 1641 region.
This can be interpreted as evidence for increasing star formation rates in the ISF and Orion B or as a tendency for
more massive envelopes to be inherited from denser birth environments. We also provide technical details about the
map-making and photometric procedures used in the HOPS program.



Multi-directional mass-accretion and collimated outflows in W51
Ciriaco Goddi et al.

ABSTRACT

We observed the W51 high-mass star-forming complex with ALMA'’s longest-baseline configurations, achiev-
ing an angular resolution of ~20 milliarcseconds, corresponding to a linear resolution of ~100 au at Dy, =
5.4 kpc. The observed region contains three high-mass protostars in which the dust continuum emission at
1.3 mm is optically-thick up to a radius <1000 au and has brightness temperatures =200 K. The high luminosity
(= 10* L.) in the absence of free-free emission suggests the presence of massive stars (M = 20 M) at the
carliest stages of their formation. Our continuum images reveal remarkably complex and filamentary structures
arising from compact cores. Molecular emission shows no clear signs of rotation nor infall on scales from 150
to 2000 au: we do not detect disks. The central sources drive young (14, ~100 years), fast (v ~100 km s7h),
powerful (M > 10~ M, yr '), collimated outflows. These outflows provide indirect evidence of accretion
disks on scales r £100-500 au (depending on the object). The active outflows are connected to fossil flows that
have different orientations on larger spatial scales, implying that the orientations of these small disks change
over time. These results together support a variant of an accretion model for high-mass star formation in which
massive protostars do not form a large, stable Keplerian disk during their early stages, but instead they accrete
material from multiple massive flows with different angular momentum vectors. This scenario therefore con-
trasts with the simplified classic paradigm of a stable disk+jet system, which is the standard model for low-mass
star formation, and provides an experimental confirmation of a multi-directional and unsteady accretion model
for massive star formation.



STARFORGE: The effects of protostellar outflows on the IMF
David Guszejnov et al.

ABSTRACT

The initial mass function (IMF) of stars is a key quantity affecting almost every field of
astrophysics, yet it remains unclear what physical mechanisms determine it. We present the first
runs of the STARFORGE project, using a new numerical framework to follow the formation
of individual stars in giant molecular clouds (GMCs) using the GIZMO code. Our suite include
runs with increasingly complex physics, starting with isothermal ideal magnetohydrodynamic
(MHD) and then adding non-isothermal thermodynamics and protostellar outflows. We show
that without protostellar outflows the resulting stellar masses are an order of magnitude too
high, similar to the result in the base isothermal MHD run. Outflows disrupt the accretion flow
around the protostar, allowing gas to fragment and additional stars to form, thereby lowering
the mean stellar mass to a value similar to that observed. The effect of jets upon global cloud
evolution is most pronounced for lower-mass GMCs and dense clumps, so while jets can
disrupt low-mass clouds, they are unable to regulate star formation in massive GMCs, as they
would turn an order unity fraction of the mass into stars before unbinding the cloud. Jets are
also unable to stop the runaway accretion of massive stars, which could ultimately lead to the
formation of stars with masses > 500 Mg,. Although we find that the mass scale set by jets
1s Insensitive to most cloud parameters (1.e., surface density, virial parameter), it is strongly
dependent on the momentum loading of the jets (which is poorly constrained by observations)
as well the the temperature of the parent cloud, which predicts slightly larger IMF variations
than observed. We conclude that protostellar jets play a vital role in setting the mass scale of

stars, but additional physics are necessary to reproduce the observed IMFE.



Physical conditions of gas components in debris disks of 49 Ceti and HD 21997
Aya E. Higuchi et al.

ABSTRACT

Characterization of gas component in debris disks is of fundamental importance for understanding
its origin. Toward this goal, we have conducted non-LTE (local thermodynamic equilibrium) anal-
yses of the rotational spectral lines of CO including those of rare isotopologues (**CO and C'™0)
observed toward the gaseous debris disks of 49 Ceti and HD 21997 with the Atacama Large Mil-
limeter /submillimeter Array (ALMA) and Atacama Compact Array (ACA). The analyses have been
carried out for a wide range of the H, density, and the observed line intensities are found to be
reproduced, as far as the H, density is higher than 10° cm=*. The CO column density and the gas
temperature are evaluated to be (1.8-5.9)x10'" cm~? and 8-11 K for 49 Ceti and (2.6-15)x10'" cm ™~
and 8-12 K for HD 21997, respectively, where the H, collision is assumed for the rotational excita-
tion of CO. The results do not change significantly even if electron collision is considered. Thus, CO
molecules can be excited under environments of no H; or a small number of H, molecules, even where
the collision with CO, C, O, and C* would make an important contribution for the CO excitation in
addition to Hy. Meanwhile, our result does not rule out the case of abundant H; molecules. The low
gas temperature observed in the debris disks is discussed in terms of inefficient heating by interstellar
and stellar UV radiation.



