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45 Mass ejection and time variability in protostellar outflows: Cep E. SOLIS XVI

" A. de A. Schutzer, P. R. Rivera-Ortiz, B. Lefloch, A. Gusdorf, C. Favre, D. Segura-Cox, A. Lopez-Sepulcre,
R. Neri, J. Ospina-Zamudio, M. De Simone, C. Codella, S. Viti, L. Podio, J. Pineda, R. O’Donoghue, C.
Ceccarelli, P. Caselli, F. Alves, R. Bachiller, N. Balucani, E. Bianchi, L. Bizzocchi, S. Bottinelli, E. Caux, A.
Chacén-Tanarro, F. Dulieu, J. Enrique-Romero, F. Fontani, S. Feng, J. Holdship, I. Jiménez-Serra, A. Jaber
Al-Edhari, C. Kahane, V. Lattanzi, Y. Oya, A. Punanova, A. Rimola, N. Sakai, S. Spezzano, I. R. Sims, V.
Taquet, L. Testi, P. Theulé, P. Ugliengo, C. Vastel, A. I. Vasyunin, F. Vazart, S. Yamamoto, A. Witzel %
Protostellar jets are an important agent of star formation feedback, tightly connected with the mass-accretion process. The
history of jet formation and mass-ejection provides constraints on the mass accretion history and the nature of the driving
source. We want to characterize the time-variability of the mass-ejection phenomena at work in the Class 0 protostellar phase,
in order to better understand the dynamics of the outflowing gas and bring more constraints on the origin of the jet chemical
composition and the mass-accretion history. We have observed the emission of the CO 2-1 and SO N ;=5 4-4 3 rotational
transitions with NOEMA, towards the intermediate-mass Class 0 protostellar system Cep E. The CO high-velocity jet emission
reveals a central component associated with high-velocity molecular knots, also detected in SO, surrounded by a collimated
layer of entrained gas. The gas layer appears to accelerate along the main axis over a length scale deltag ~700 au, while its
diameter gradually increases up to several 1000au at 2000au from the protostar. The jet is fragmented into 18 knots of mass
10~ Msun, unevenly distributed between the northern and southern lobes, with velocity variations up to 15 km/s close to the
protostar, well below the jet terminal velocities. The knot interval distribution is approximately bimodal with a scale of ~50-80
yr close to the protostar and ~150-200 yr at larger distances >12". The mass-loss rates derived from knot masses are overall
steady, with values of 2.7x10~° Msun/yr (8.9x10® Msun/yr) in the northern (southern) lobe. The interaction of the ambient
protostellar material with high-velocity knots drives the formation of a molecular layer around the jet, which accounts for the
higher mass-loss rate in the north. The jet dynamics are well accounted for by a simple precession model with a period of
2000yr and a mass-ejection period of 55yr.
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https://arxiv.org/abs/2205.10422v1

Resolving the collimation zone of an intermediate-mass protostar

Adriana R. Rodriguez-Kamenetzky, Carlos Carrasco-Gonzéalez, Luis Felipe Rodriguez Jorge, Tom P. Ray, Al-
berto Sanna, Luca Moscadelli, Melvin Hoare, Roberto Galvan-Madrid, Hsien Shang, Susana Lizano, Jochen
Eisloffel, Jeremy Lim, José M. Torrelles, Paul Ho, Anton Feeney-Johansson % We report new VLA and e-MERLIN
high resolution and sensitivity images of the Triple Radio continuum Source in the Serpens star forming region. These ob-
servations allowed us to perform a deep multi-frequency, multi-epoch study by exploring the innermost regions (< 100 au) of
an intermediate-mass YSO for the first time, with a physical resolution of 15 au. The kinematic analysis of knots recently
ejected by the protostar indicates that the jet is undergoing episodic variations in velocity. In addition, our multi-frequency
images reveal striking characteristics, e.g., a highly collimated ionized stream that would be launched at a radial distance of
0.4 au from the protostar, and a narrow ( 28 au wide) ionized cavity that would be excited by the interaction of a wide-angle
component with the surrounding toroid of infalling material. In light of these results, we propose the scenario in which both
a highly-collimated jet and a wide-angle wind coexist to be the most plausible to explain our observations, either launched by
the X-wind or X- plus Disk-wind mechanism.

NRAO/VLA & e-MERLINT, ~U'EDTriple Radio continuum Source %
Z ERE - 280 - SRERESR(Ar~15 au)
JetDREBIEC, [etDRITEDYIBHEEL & *Fwm

e-MERLIN: the enhanced Multi-Element Remotely Linked Interferometer Network
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Figure 1. Radio continuum observations of the TRS in Serpens. Left panel: We show a VLA-A C band image above 4Xx the
rms of 10 uJy beam™!. The main sources detected are labeled (C, SE, and NW). Right panel: We show the deepest image of
the Serpens jet core obtained by the combination of VLA-A and e-MERLIN data in the same frequency range (from 4.7 to 5.2
GHz). Contours are [-4, 4, 7, 9, 13, 18, 24, 40] x the rms of 5uJy beam™'. Beam sizes and other parameters of the images are

listed in Table 2.
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https://arxiv.org/abs/2204.09704v1

The importance of X-ray frequency in driving photoevaporative winds

Andrew D. Sellek, Cathie J. Clarke, Barbara Ercolano % Photoevaporative winds are a promising mechanism for
dispersing protoplanetary discs, but so far theoretical models have been unable to agree on the relative roles that the X-
ray, Extreme Ultraviolet or Far Ultraviolet play in driving the winds. This has been attributed to a variety of methodological
differences between studies, including their approach to radiative transfer and thermal balance, the choice of irradiating spectrum
employed, and the processes available to cool the gas. We use the MOCASSIN radiative transfer code to simulate wind heating for
a variety of spectra on a static density grid taken from simulations of an EUV-driven wind. We explore the impact of choosing
a single representative X-ray frequency on their ability to drive a wind by measuring the maximum heated column as a function
of photon energy. We demonstrate that for reasonable luminosities and spectra, the most effective energies are at a few 100 eV,
firmly in the softer regions of the X-ray spectrum, while X-rays with energies ~ 1000 eV interact too weakly with disc gas to
provide sufficient heating to drive a wind. We develop a simple model to explain these findings. We argue that further increases
in the cooling above our models - for example due to molecular rovibrational lines - may further restrict the heating to the
softer energies but are unlikely to prevent X-ray heated winds from launching entirely; increasing the X-ray luminosity has the
opposite effect. The various results of photoevaporative wind models should therefore be understood in terms of the choice of
irradiating spectrum.
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The KOSMA-r PDR Model — I. Recent updates to the numerical model of photo-
43. dissociated regions
M. Rollig, V. Ossenkopf-Okada % Numerical models of Photodissociation Regions (PDRs) are an essential tool to quanti-
tatively understand observations of massive star forming regions through simulations. Few mature PDR models are available
and the Cologne KOSMA-T PDR model is the only sophisticated model that uses a spherical cloud geometry thereby allowing
us to simulate clumpy PDRs. We present the current status of the code as reference for modelers and for observers that
plan to apply KOSMA-7 to interpret their data. For the numerical solution of the chemical problem we present a superior
Newton-Raphson stepping algorithm and discuss strategies to numerically stabilize the problem and speed up the iterations.
The chemistry in KOSMA-7 is upgraded to include the full surface chemistry in an up-to-date formulation and we discuss a
novel computation of branching ratios in chemical desorption reactions. The high dust temperature in PDRs leads to a selective
freeze-out of oxvegen-bearing ice species due to their higher condensation temperatures and we studv changes in the ice mantle

structures depending on the PDR parameters, in particular the impinging UV field. Selective freeze-out can produce enhanced
C abundances and higher gas temperatures resulting in a fine-structure line emission of atomic carbon [C] enhanced by up to
50how recent ALMA observations of HCO" emission in the Orion Bar with high spatial resolution on the scale of individual
clumps can be interpreted in the context of non-stationary, clumpy PDR ensembles. Additionally, we introduce WL-PDR, a
simple plane-parallel PDR model written in Mathematica to act as numerical testing environment of PDR modeling aspects.

EEODFARZED T BHKOSMA-TE LD PDRE T /LETE O — K Dupdate DAAS
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Fig. 1: Simplified structure of a PDR. UV radiation (coming from the left) is progressively attenuated while penetrating a gas cloud.
This leads to a chemical stratification and a strong temperature gradient.
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Fig. 2: General numerical scheme that needs to be solved in KOSMA-t. Local iterations (red) are performed on every spatial grid
point, spatial iterations (green) are performed over all spatial grid points in the model, and global iterations (blue) repeat the spatial
loop if necessary until numerical convergence is reached.
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Fig. 10: Influence of the surface chemistry on the chemical structure of a PDR. The results are for the same model as in Fig. @ Solid
(black) lines in the central(right) panel correspond to CR; while dashed(red) lines are for CR,.
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46. The Radcliffe Wave as the gas spine of the Orion Arm
Cameren Swiggum, Joao Alves, Elena D’Onghia, Robert A. Benjamin, Lekshmi Thulasidharan, Catherine
Zucker, Eloisa Poggio, Ronald Drimmel, John S. Gallagher III, Alyssa Goodman % The Radcliffe Wave is a ~ 3
kpc long coherent gas structure containing most of the star-forming complexes near the Sun. In this Letter we aim to find
a Galactic context for the Radcliffe Wave by looking into a possible relationship between the gas structure and the Orion
(Local) Arm. We use catalogs of massive stars and young open clusters based on Gaia EDR3 astrometry, in conjunction with
kiloparsec-scale 3D dust maps, to investigate the Galactic XY spatial distributions of gas and young stars. We find a quasi-
parallel offset between the luminous blue stars and the Radcliffe Wave, in that massive stars and clusters are found essentially
inside and downstream from the Radcliffe Wave. We examine this offset in the context of color gradients observed in the spiral
arms of external galaxies, where the interplay between density wave theory, spiral shocks, and triggered star formation has
been used to interpret this particular arrangement of gas/dust and OB stars, and outline other potential explanations as well.
We hypothesize that the Radcliffe Wave constitutes the gas reservoir of the Orion (Local) Arm, and presents itself as a prime
laboratory to study the interface between Galactic structure, the formation of molecular clouds in the Milky Way, and star

formation.
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Fig. 1. A Galactic XY (bird’s-eye) view of various stellar/dust distributions within ~ 4.25 kpc of the Sun (centered yellow dot). The over-density
map of the OBA-type stars from Zari et al. (2021) (black-blue-white) is shown in the background of each panel. The emergent spiral features in this
map, from decreasing to increasing values in X, are the Perseus, Orion, and Sagittarius-Carina arms. The star-forming clouds from Zucker et al.
(2020) are displayed as red points in the first two panels, with the Radcliffe Wave appearing as a narrow alignment of clouds from (X, Y) = (-1, -1)
kpc to (X, Y) = (0.5,2) kpc. The cyan points in the the first panel are the open clusters from Cantat-Gaudin et al. (2020) with ages less than 30
Myr, sized relative to their membership count. The second panel shows the masers (white points) and the fit to the Orion (Local) arm (solid white
line) from (Reid et al. 2019b), three circles of constant, Galactocentric radius (white dashed lines), and two arrows pointing in the directions of the
Galactic center/Galactic rotation. Overlaid in panel three is the dust map of Lallement et al. (2019) with a heat map color-scale showing increasing

dust density.
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https://arxiv.org/abs/2205.02858v1

Calibrated Gas Accretion and Orbital Migration of Protoplanets in 1D Disc Models

Oliver Schib, Christoph Mordasini, Ravit Helled % We aim to develop a simple prescription for migration and accretion
in 1D disc models, calibrated with results of 3D hydrodynamic simulations. Our focus lies on non-self-gravitating discs, but
we also discuss to what degree our prescription could be applied when the discs are self-gravitating. We study migration using
torque densities. Our model for the torque density is based on existing fitting formulas, which we subsequently modify to prevent
premature gap-opening. At higher planetary masses, we also apply torque densities from hydrodynamic simulations directly
to our 1D model. These torque densities allow modelling the orbital evolution of an initially low-mass planet that undergoes
runaway-accretion to become a massive planet. The two-way exchange of angular momentum between disc and planet is
included. This leads to a self-consistent treatment of gap formation that only relies on directly accessible disc parameters. We
present a formula for Bondi- and Hill- gas accretion in the disc-limited regime. This formula is self-consistent in the sense
that mass is removed from the disc in the location from where it is accreted. We find that the resulting evolution in mass
and semi-major axis in the 1D framework is in good agreement with those from 3D hydrodynamical simulations for a range
of parameters. Our prescription is valuable for simultaneously modelling migration and accretion in 1D-models. We conclude
that it is appropriate and beneficial to apply torque densities from hydrodynamic simulations in 1D models, at least in the
parameter space we study here. More work is needed to in order to determine whether our approach is also applicable in an
even wider parameter space and in situations with more complex disc thermodynamics, or when the disc is self-gravitating.
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