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48. Constraining the Chemical Signatures and the Outburst Mechanism of the
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We present observations toward HOPS 383, the first known outbursting Class 0 protostar located within the Orion
molecular cloud using ALMA, VLA, and SMA. The SMA observations reveal envelope scale continuum and molecular
line emission surrounding HOPS 383 at 0.85 mm, 1.1 mm, and 1.3 mm.The images show that HCO* and H!3*CO™*

peaks on or near the continuum, while NoH™ is reduced at the same position. This reflects the underlying chemistry
where CO evaporating close to the protostar destroys NoH' while forming HCO*. We also observe the molecular

outflow traced by *CO (J =2 — 1) and (J = 3 — 2). A disk is resolved in the ALMA 0.87 mm dust continuum,
orthogonal to the outflow direction, with an apparent radius of ~62 AU. Radiative transfer modeling of the continuum
gives disk masses of 0.02 My when fit to the ALMA visibilities. The models including VLA 8 mm data indicate
that the disk mass could be up to a factor of 10 larger due to lower dust opacity at longer wavelengths. The disk
temperature and surface density profiles from the modeling, and an assumed protostar mass of 0.5 M, suggest that
the Toomre (Q parameter < 1 before the outburst, making gravitational instability a viable mechanism to explain

outbursts at an early age if the disk is sufficiently massive. h » . 1odf12010.05939 odf
Accepted by ApJ — ttps://arxiv.org/p : P
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50. Planet migration, resonant locking and accretion streams in PDS70:
Comparing models and data
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The disc surrounding PDS 70, with two directly imaged embedded giant planets, is an ideal laboratory to study
planet-disc interaction. We present three-dimensional smoothed particle hydrodynamics simulations of the system.
In our simulations, planets, which are free to migrate and accrete mass, end up in a locked resonant configuration
that is dynamically stable. We show that features observed at infrared (scattered light) and millimetre (thermal
continuum) wavelengths are naturally explained by the accretion stream onto the outer planet, without requiring a
circumplanetary disc around planet c. We post-processed our near-infrared synthetic images in order to account for
observational biases known to affect high-contrast images. Our successful reproduction of the observations indicates
that planet-disc dynamical interactions alone are sufficient to explain the observations of PDS 70.

Accepted by MNRAS
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43. Magnetized filamentary gas flows feeding the young embedded cluster in
Serpens South
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Observations indicate that molecular clouds are strongly magnetized, and that magnetic fields influence the formation
of stars. A key observation supporting the conclusion that molecular clouds are significantly magnetized is that the
orientation of their internal structure is closely related to that of the magnetic field. At low column densities the
structure aligns parallel with the field, whereas at higher column densities, the gas structure is typically oriented
perpendicular to magnetic fields, with a transition at visual extinctions Ay > 3 mag. Here we use far-infrared
polarimetric observations from the HAWC+ polarimeter on SOFIA to report the discovery of a further transition in
relative orientation, i.e., a return to parallel alignment at Ay > 21 mag in parts of the Serpens South cloud. This
transition appears to be caused by gas flow and indicates that magnetic supercriticality sets in near Ay > 21 mag,
allowing gravitational collapse and star cluster formation to occur even in the presence of relatively strong magnetic

fields.

Accepted by Nature Astronomy https://doi1.org/10.1038/s41550-020-1172-6
https://arxiv.org/pdi/2009.14100.pdf



44. A ‘“‘head/tail”’ plasmon model with a Hubble law velocity profile
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We present a model of a hypersonic, collimated, “single pulse” outflow, produced by an event with an ejection velocity
that first grows, reaches a peak, and then decreases again to zero velocity in a finite time (simultaneously, the ejection

density can have an arbitrary time-variability). We obtain a flow with a leading “head” and a trailing “tail’ that for
times greater than the width of the pulse develops a linear, “Hubble law” velocity vs. position. We present an analytic
model for a simple pulse with a parabolic ejection velocity vs. time and time-independent mass-loss rate, and compare
it to an axisymmetric gasdynamic simulation with parameters appropriate for fast knots in planetary nebulae. This
“head /tail plasmon” flow might be applicable to other high-velocity clumps with “Hubble law” tails.

Accepted by MNRAS, letters
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45. First sample of N2HT nitrogen isotopic ratio measurements in low-mass

protostars
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Context. The nitrogen isotopic ratio is considered an important diagnostic tool of the star formation process, and
N,H™ is particularly important because it is directly linked to molecular nitrogen N;. However, theoretical models
still lack to provide an exhaustive explanation for the observed *N/1°N values.

Aims. Recent theoretical works suggest that the *N/!°N behaviour is dominated by two competing reactions that
destroy NoH™: dissociative recombination and reaction with CO. When CO is depleted from the gas phase, if NoH™
recombination rate is lower with respect to the N'>NH™" one, the rarer isotopologue is destroyed faster. In prestellar
cores, due to a combination of low temperatures and high densities, most CO is frozen in ices onto the dust grains,
leading to high levels of depletion. On the contrary, in protostellar cores, where temperature are higher, CO ices
evaporate back to the gas phase. This implies that the NoH™ isotopic ratio in protostellar cores should be lower than
the one in prestellar cores, and consistent with the elemental value of ~ 440. We aim to test this hypothesis, producing
the first sample of NoH* /N> NH* measurements in low mass protostars.

Methods. We observe the NoH' and N> NH* lowest rotational transition towards six young stellar objects in Perseus
and Taurus molecular clouds. We model the spectra with a custom python code using a constant 7.y approach to fit
the observations. We discuss in appendix the validity of this hypothesis. The derived column densities are used to
compute the nitrogen isotopic ratios.

Results. Our analysis yields an average of *N/1°N|,,,, = 420 + 15 in the protostellar sample. This is consistent with
the protosolar value of 440, and significantly lower than the average value previously obtained in a sample of prestellar
objects.

Conclusions. Our results are in agreement with the hypothesis that, when CO is depleted from the gas-phase,
dissociative recombinations with free electrons destroy N'>NH* faster than NoH™, leading to high isotopic ratios in
prestellar cores, where carbon monoxide is frozen onto dust grains.

Accepted by A&A



46. NGC 7538 IRS1 - An O Star Driving an Ionized Jet and Giant N-S Outflow

! Institute for Astronomy, University of Hawaii, Hilo, HI 96720, USA; ? Radio Astronomy Laboratory, University of
California, Berkeley, CA 94720, USA; ® Max Planck Institut fiir Radioastronomie, Auf dem Hgel 69, 53121 Bonn,
Germany; * Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai 400005, India; ®° ALMA, Av
Apoquindo 3946 Piso 19, Las Condes, Santiago, Chile

E-mail contact: gsandell at hawaii.edu™

NGC 7538 IRS 1 is a very young embedded O star driving an ionized jet and accreting mass with an accretion rate
>10"* Mg, /year, which is quenching the hypercompact HII region. We use SOFIA GREAT data, Herschel PACS
and SPIRE archive data, SOFIA FORCAST archive data, Onsala 20m and CARMA data, and JCMT archive data
to determine the properties of the O star and its outflow. IRS1 appears to be a single O-star with a bolometric
luminosity > 1 x 10° lg, i.e. spectral type O7 or earlier. We find that IRS 1 drives a large molecular outflow with
the blue-shifted northern outflow lobe extending to ~ 280 arcsec or 3.6 pc from IRS1. Near IRS1 the outflow is well
aligned with the ionized jet. The dynamical time scale of the outflow is ~ 1.3 x 10° yr. The total outflow mass
is ~ 130 M. We determine a mass outflow rate of 1.0 x10™* Mgyr !, roughly consistent with the observed mass
accretion rate. We observe strong high velocity [C 11| emission in the outflow, confirming that strong UV radiation
from IRS 1 escapes into the outflow lobes and is ionizing the gas. Many O stars may form like low mass stars, but
with a higher accretion rate and in a denser environment. As long as the accretion stays high enough to quench the
HII region, the star will continue to grow. When the accretion rate drops, the HII region will rapidly start to expand.

Accepted by The Astrophysical Journal
http://arxiv.org/pdi/2010.04289



47. FEEDBACK: a SOFIA Legacy Program to Study Stellar Feedback in

Regions of Massive Star Formation
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FEEDBACK is a SOFIA (Stratospheric Observatory for Infrared Astronomy) legacy program dedicated to study the
interaction of massive stars with their environment. It performs a survey of 11 galactic high mass star forming regions
in the 158 pym (1.9 THz) line of [C 1] and the 63 pm (4.7 THz) line of [O1]. We employ the 14 pixel Low frequency
Array (LFA) and 7 pixel High Frequency Array (HFA) upGREAT heterodyne instrument to spectrally resolve (0.24
MHz) these far-infrared fine structure lines. With a total observing time of 96h, we will cover ~6700 arcmin? at
14.1"” angular resolution for the |C 11] line and 6.3" for the [O1] line. The observations started in spring 2019 (Cycle
7). Our aim is to understand the dynamics in regions dominated by different feedback processes from massive stars
such as stellar winds, thermal expansion, and radiation pressure, and to quantify the mechanical energy injection and
radiative heating efficiency. This is an important science topic because feedback of massive stars on their environment
regulates the physical conditions and sets the emission characteristics in the interstellar medium (ISM), influences the
star formation activity through molecular cloud dissolution and compression processes, and drives the evolution of the
ISM in galaxies. The |C 11] line provides the kinematics of the gas and is one of the dominant cooling lines of gas for
low to moderate densities and UV fields. The [O1] line traces warm and high-density gas, excited in photodissociations
regions with a strong UV field or by shocks. The source sample spans a broad range in stellar characteristics from
single OB stars, to small groups of O stars, to rich young stellar clusters, to ministarburst complexes. It contains
well-known targets such as Aquila, the Cygnus X region, M16, M17, NGC7538, NGC6334, Vela, and W43 as well as
a selection of H 11 region bubbles, namely RCW49, RCW79, and RCW120. These [C 11] maps, together with the less
explored [O1] 63 pm line, provide an outstanding database for the community. They will be made publically available
and will trigger further studies and follow-up observations.
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Very low-mass Class [ protostars have been investigated very little thus far. Variability of these young stellar objects
(YSOs) and whether or not they are capable of strong episodic accretion is also left relatively unstudied. We investigate
accretion variability in IRS 54 (YLW52), a Class I very low-mass protostar with a mass of M, ~ 0.1 —0.2Mg. We
obtained spectroscopic and photometric data with VLT/ISAAC and VLT /SINFONI in the near-infrared (J, H, and
K bands) across four epochs (2005, 2010, 2013, and 2014). We used accretion-tracing lines (Paf and Bry) and
outflow-tracing lines (H2 and [Fell]) to examine physical properties and kinematics of the object. A large increase in
luminosity was found between the 2005 and 2013 epochs of more than 1 magnitude in the K band, followed in 2014 by
a steep decrease. Consistently, the mass accretion rate (M,..) rose by an order of magnitude from ~ 10~% Mg yr—!
to ~ 107" Mg yr~! between the two early epochs. The visual extinction (Ay ) has also increased from ~ 15 mag in
2005 to ~ 24 mag in 2013. This rise in Ay in tandem with the increase in M, is explained by the lifting up of a large
amount of dust from the disc of IRS 54, following the augmented accretion and ejection activity in the YSO, which
intersects our line of sight due to the almost edge-on geometry of the disc. Because of the strength and timescales
involved in this dramatic increase, this event is believed to have been an accretion burst possibly similar to bursts
of EXor-type objects. IRS 54 is the lowest mass Class I source observed to have an accretion burst of this type, and
therefore potentially one of the lowest mass EXor-type objects known so far.
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