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37 Photoionized Herbig-Haro objects in the Orion Nebula through deep high-spectral res-
olution spectroscopy 111: HH514

We analyze the physical conditions and chemical composition of the photoionized Herbig-
Haro object HH 514, which emerges trom the proplyd 170-337 in the core ot the Orion Nebula.

We use high-spectral resolution spectroscopy from UVES at the Very Large Telescope and
[FU-spectra from MEGARA at the Gran Telescopio de Canarias. We observe two components
of HH 514, the jet base and a knot, with n. = (2.3 +0.1) X 10°cm™ and n. = (7 + 1) X
10* cm™, respectively, both with 7. ~ 9000 K. We show that the chemical composition of
HH 514 is consistent with that of the Orion Nebula, except for Fe, Ni and S, which show
higher abundances. The enhanced abundances of Fe and Ni observed in HH objects compared
with the general interstellar medium is usually interpreted as destruction of dust grains. The
observed sulphur overabundance (more than two times solar) is challenging to explain since
the proplyd photoevaporation flow from the same disk shows normal sulphur abundance. It the
aforementioned S-overabundance is due to dust destruction, the formation of sulfides and/or
other S-bearing dust reservoirs may be linked to planet formation processes in protoplanetary
disks, which filter large sulfide dust grains during the accretion of matter from the disk to the
central star. We also show that published kinematics of molecular emission close to the central
star are not consistent with either a disk perpendicular to the optical jet, nor with an outtlow
that is aligned with it.
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47 Magnetic fields and outflows in the large Bok globule CB 54

ABSTRACT

We have observed the large Bok globule CB 54 in 850um polarised light using the POL-2 polarimeter on the James Clerk
Maxwell Telescope (JCMT). We find that the magnetic field in the periphery of the globule shows significant, ordered deviation
from the mean field direction in the globule centre. This deviation appears to correspond with the extended but relatively weak
12CO outflow emanating from the Class 0 sources at the centre of the globule. Energetics analysis suggests that if the outflow
is reshaping the magnetic field in the globule’s periphery, then we can place an upper limit of < 27 uG on the magnetic field
strength in the globule’s periphery. Comparison with archival Planck and CARMA measurements shows that the field in the
centre of the globule is consistent over several orders of magnitude in size scale, and oriented parallel to the density structure in
the region in projection. We thus hypothesise that while non-thermal motions in the region may be sub-Alfvénic, the magnetic
field 1s subdominant to gravity over a wide range of size scales. Our results suggest that even a relatively weak outflow may be
able to significantly reshape magnetic fields in star-forming regions on scales > 0.1 pc.
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36 The disk of FU Orionis viewed with MATISSE /VLTTI: first interferometric observations
in L and M bands

Aims. We studied the accretion disk of the archetypal eruptive young star FU Orionis with the use of mid-infrared interferometry,
which enabled us to resolve the innermost regions of the disk down to a spatial resolution of 3 milliarcseconds (mas) in the L band,
that 1s, within 1 au of the protostar.

Methods. We used the interferometric instrument MATISSE/VLTI to obtain observations of FU Ori’s disk in the L, M, and N bands
with multiple baseline configurations. We also obtained contemporaneous photometry in the optical (UBVRIr'i"; SAAO and Konkoly
Observatory) and near-infrared (JHK ;; NOT). Our results were compared with radiative transfer simulations modeled by rapmc-3p.
Results. The disk of FU Orionis is marginally resolved with MATISSE, suggesting that the region emitting in the thermal infrared
1s rather compact. An upper limit of ~ 1.3 +£ 0.1 mas (in L) can be given for the diameter of the disk region probed in the L band,
corresponding to 0.5 au at the adopted Gaia EDR3 distance. This represents the hot, gaseous region of the accretion disk. The N-band
data indicate that the dusty passive disk i1s silicate-rich. Only the innermost region of said dusty disk 1s found to emit strongly in the
N band, and it is resolved at an angular size of ~ 5 mas, which translates to a diameter of about 2 au. The observations therefore
place stringent constraints for the outer radius of the inner accretion disk. Dust radiative transfer simulations with Rapmc-3p provide
adequate fits to the spectral energy distribution from the optical to the submillimeter and to the interferometric observables when
opting for an accretion rate M ~ 2 x 10~ M, yr~! and assuming M, = 0.6 M. Most importantly, the hot inner accretion disk’s outer
radius can be fixed at 0.3 au. The outer radius of the dusty disk is placed at 100 au, based on constraints from scattered-light images
in the literature. The dust mass contained in the disk is 2.4 x 10™* M, and for a typical gas-to-dust ratio of 100, the total mass in
the disk 1s approximately 0.02 Ms. We did not find any evidence for a nearby companion in the current interferometric data, and we
tentatively explored the case of disk misalignment. For the latter, our modeling results suggest that the disk orientation 1s similar to
that found in previous imaging studies by ALMA. Should there be an asymmetry in the very compact, inner accretion disk, this might
be resolved at even smaller spatial scales (< 1 mas).



38 NIR spectroscopic survey of protostellar jets in the star forming region IC 1396IN

Context. The bright-rimmed cloud IC 1396N, associated with an intermediate-mass star-forming region, hosts a number of CO,
molecular hydrogen and Herbig-Haro (HHs) outflows powered by a set of millimetre compact sources.

Aims. The aim of this work 1s to characterise the kinematics and physical conditions of the H, emission features spread over the
IC 1396N region, which appear as chains of knots with a jet-like morphology, tracing different H, outflows, and to obtain further
information about (and an identification of) the driving sources.

Methods. Low-resolution, long-slit near-infrared spectra were acquired with the NICS camera at the TNG telescope, using grisms
KB (R ~ 1200), HK and JH (R ~ 500). Several slit pointings and PA were used throughout the IC 1396N region in order to sample a

number of the H, knots previously detected in deep H, 2.12 um images.

Results. The knots exhibit rich ro-vibrational spectra of H,, consistent with shock-excited excitation, from which radial velocities
and relevant physical conditions of the IC 1396N H, outflows were derived. These also allowed estimating extinction ranges towards
several features. [Fe n] emission was only detected towards a few knots, which also display unusually large H, 1-0 S(3)/S(1) flux
ratios. The obtained radial velocities confirm that most of the outflows are close to the plane of the sky. Nearby knots in the same
chain often display different radial velocities, both blue-shifted and red-shifted, which we interpret as due to ubiquitous jet precession

in the driving sources or the development of oblique shocks. One of the chains (strand A, 1. e. knots A1 to A15) appears as a set of
features trailing a leading bow-shock structure consistent with the results of 3-D magneto-hydrodynamical models. Either side of the

leading bow-shock (A 15) exhibits a different radial velocity, whose possible explanations are discussed in the paper. Our data cannot
confirm whether strands A and B have both been originated by the intermediate mass young stellar object [BGE2002] BIMA 2, as a

simple model of precessing jet cannot account for their locations.
Conclusions. NIR spectroscopy has confirmed that most of the H, ro-vibrational emission in IC 1396N 1s shock-excited rather than

uv-excited in photon-dominated regions. It has evidenced a complex kinematical structure in most strands of emitting knots, as well.



39 The SEDIGISM survey: Molecular cloud morphology. II. Integrated source properties

The Structure, Excitation, and Dynamics of the Inner Galactic InterStellar Medium (SEDIGISM) survey has produced high (spatial
and spectral) resolution BCo 2-1) maps of the Milky Way. It has allowed us to investigate the molecular interstellar medium in the
inner Galaxy at an unprecedented level of detail and characterise it into molecular clouds. In a previous paper, we have classified the
SEDIGISM clouds into four morphologies. However, how the properties of the clouds vary for these four morphologies is not well
understood. Here, we use the morphological classification of SEDIGISM clouds to find connections between the cloud morphologies,
their integrated properties, and their location on scaling relation diagrams. We observe that ring-like clouds show the most peculiar
properties, having, on average, higher masses, sizes, aspect ratios and velocity dispersions compared to other morphologies. We
speculate that this is related to the physical mechanisms that regulate their formation and evolution, for example, turbulence from
stellar feedback can often results in the creation of bubble-like structures. We also see a trend of morphology with virial parameter
whereby ring-like, elongated, clumpy and concentrated clouds have virial parameters in a decreasing order. Our findings provide a
foundation for a better understanding of the molecular cloud behaviour based on their measurable properties.



40 An Interferometric View of H-MM1. 1. Direct Observation of NH3 Depletion

Spectral lines of ammonia, NH,, are useful probes of the physical conditions in dense molecular cloud
cores. In addition to advantages in spectroscopy, ammonia has also been suggested to be resistant to
freezing onto grain surfaces, which should make it a superior tool for studying the interior parts of
cold, dense cores. Here we present high-resolution NH; observations with the Very Large Array (VLA)
and Green Bank Telescope (GBT) towards a prestellar core. These observations show an outer region
with a fractional NH; abundance of X (NH;3) = (1.975 4 0.005) x 10~ (£10% systematic), but it also
reveals that after all, the X (NH,) starts to decrease above a H, column density of ~ 2.6 x 10*2 cm—2.
We derive a density model for the core and find that the break-point in the fractional abundance
occurs at the density n(Hy) ~ 2 x 10° em >, and beyond this point the fractional abundance decreases
with increasing density, following the power law n—!-!. This power-law behavior is well reproduced by
chemical models where adsorption onto grains dominates the removal of ammonia and related species
from the gas at high densities. We suggest that the break-point density changes from core to core
depending on the temperature and the grain properties, but that the depletion power law 1s anyway
likely to be close to n~! owing to the dominance of accretion in the central parts of starless cores.




A1 From Bubbles and Filaments to Cores and Disks: Gas Gathering and Growth of Struc-
ture Leading to the Formation of Stellar Systems

Abstract The study of the development of structures on multiple scales in the cold interstellar
medium has experienced rapid expansion in the past decade, on both the observational and
the theoretical front. Spectral line studies at (sub-)millimeter wavelengths over a wide range
of physical scales have provided unique probes of the kinematics of dense gas in star-forming
regions, and have been complemented by extensive, high dynamic range dust continuum surveys
of the column density structure of molecular cloud complexes, while dust polarization maps have
highlighted the role of magnetic fields. This has been accompanied by increasingly sophisticated
numerical simulations including new physics (e.g., supernova driving, cosmic rays, non-ideal
magneto-hydrodynamics, radiation pressure) and new techniques such as zoom-in simulations
allowing multi-scale studies. Taken together, these new data have emphasized the anisotropic
growth of dense structures on all scales, from giant ISM bubbles driven by stellar feedback on
~30-100 pc scales through parsec-scale molecular filaments down to < 0.1 pc dense cores and
< 1000 au protostellar disks. Combining observations and theory, we present a coherent picture
for the formation and evolution of these structures and synthesize a comprehensive physical
scenario for the initial conditions and early stages of star and disk formation.






