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The Asymmetric Bipolar [Fe Il] Jet and H, Outflow of TMC1A
Resolved with JWST’s NIRSpec IFU

K. D. Assani', D. Harsono?, J. P. Ramseyl, Z.-Y. Lil, P. Bjerkeli3, K. M. Pontoppidan4, L. Tychoniecs, H. Calcutt?, L.
E. Kristensen’, J. K. ng)rgensen7, A. Plunkett®, M. L. van Gelder, and L. Francis®
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Self-similarity of the magnetic field at different scales:

The case of G31.41+0.31

M. T. Beltran'®, M. Padovani'®, D. Galli'®, N. Afiez-L6pez>®, J. M. Girart>*®, R. Cesaroni', D. Dall’Olio®>'®,
G. Anglada®®, C. Y. Law’®, A. Lorenzani' ®, L. Moscadelli' ®, A. Sanchez-Monge®*®, M. Osorio®, and Q. Zhang®
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Thermal Structure and Millimeter Emission from a Protoplanetary Disk with Embedded
Protoplanets from Radiative Transfer Modeling

Felipe Alarc6n® and Edwin A. Bergin
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The magnetic field in the Flame nebula

I. Besli¢! ®, S. Coudé”> ®, D. C. Lis* ©, M. Gerin' ®, P. F. Goldsmith* ©, J. Pety":> ®, A. Roueft®, K. Demyk’ @,
C. D. Dowell*, L. EinigS’8 ,J. R. Goicoechea’ @, F. Levrier'’ @, J. Orkisz® ®, N. Peretto'! ®, M. G. Santa-Maria’® ®,
N. Ysard”'? ©, and A. Zakardjian’

ABSTRACT

Context. Star formation drives the evolution of galaxies and the cycling of matter between different phases of the interstellar medium
and stars. The support of interstellar clouds against gravitational collapse by magnetic fields has been proposed as a possible expla-
nation for the low observed star formation efficiency in galaxies and the Milky Way. The Planck satellite provided the first all-sky
map of the magnetic field geometry in the diffuse interstellar medium on angular scales of 5-15". However, higher spatial resolution
observations are required to understand the transition from diffuse, subcritical gas to dense, gravitationally unstable filaments.

Aims. NGC 2024, also known as the Flame nebula, is located in the nearby Orion B molecular cloud. It contains a young, expanding
Hu region and a dense supercritical filament. This filament harbors embedded protostellar objects and is likely not supported by the
magnetic field against gravitational collapse. Therefore, NGC 2024 provides an excellent opportunity to study the role of magnetic
fields in the formation, evolution, and collapse of dense filaments, the dynamics of young Hu regions, and the effects of mechanical
and radiative feedback from massive stars on the surrounding molecular gas.

Methods. We combined new 154 and 216 um dust polarization measurements carried out using the HAWC+ instrument aboard SOFIA
with molecular line observations of 2CN(1-0) and HCO*(1-0) from the IRAM 30-meter telescope to determine the magnetic field
geometry, and to estimate the plane of the sky magnetic field strength across the NGC 2024 Hn region and the surrounding molecular
cloud.

Results. The HAWC+ observations show an ordered magnetic field geometry in NGC 2024 that follows the morphology of the
expanding Hu region and the direction of the main dense filament. The derived plane of the sky magnetic field strength is moderate,
ranging from 30 to 80 uG. The strongest magnetic field is found at the east edge of the Hu region, characterized by the highest gas
densities and molecular line widths. In contrast, the weakest field is found toward the main, dense filament in NGC 2024.
Conclusions. We find that the magnetic field has a non-negligible influence on the gas stability at the edges of the expanding Hu shell
(gas impacted by stellar feedback) and the filament (site of current star formation).
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Inefficient star formation in high Mach number environments

Il. Numerical simulations and comparison with analytical models

Noé Brucy!, Patrick Hennebelle?, Tine Colman?, Ralf S. Klessen!-#, and Corentin Le Yhuelic*>?3
ABSTRACT

Context. Predicting the star formation rate (SFR) in galaxies is crucial to understand their evolution and morphology. To do so requires
a fine understanding of how dense structures of gas are created and collapse. In that, turbulence and gravity play a major role.

Aims. Within the gravo-turbulent framework, we assume that turbulence shapes the ISM, creating density fluctuations that, if gravita-
tionally unstable, will collapse and form stars. The goal of this work is to quantify how different regimes of turbulence, characterized
by the strength and compressibility of the driving, shape the density field. We are interested in the outcome in terms of SFR and how
it compares with existing analytical models for the SFR.

Methods. We run a series of hydrodynamical simulations of turbulent gas. The simulations are first conducted without gravity, so that
the density and velocity are shaped by the turbulence driving. Gravity is then switched on, and the SFR is measured and compared
with analytical models. The physics included in these simulations is very close to the one assumed in the classical gravo-turbulent
SFR analytical models, which makes the comparison straightforward.

Results. We found that the existing analytical models convincingly agree with simulations at low Mach number, but we measure a
much lower SFR in the simulation with a high Mach number. We develop, in a companion paper, an updated physically-motivated
SFR model that reproduces well the inefficient high Mach regime of the simulations.

Conclusions. Our work demonstrates that accurate estimations of the turbulent-driven replenishment time of dense structures and the
dense gas spatial distribution are necessary to correctly predict the SFR in the high Mach regime. The inefficient high-Mach regime
is a possible explanation for the low SFR found in dense and turbulent environments such as the centers of our Milky Way and other
galaxies.
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Impacts of Energetic Particles from T Tauri Flares on Inner Protoplanetary
Discs

V. Brunn,'* Ch. Rab,?3 A. Marcowith,! C. Sauty,"* M. Padovani,® and C. Meskini'

ABSTRACT

T Tauri stars are known to be magnetically active stars subject to strong flares observed in X-rays. These flares are likely
due to intense magnetic reconnection events during which a part of the stored magnetic energy is converted into kinetic
energy of supra-thermal particles. Since T Tauri stars are surrounded by an accretion disc, these particles may influence the
disc dynamics and chemistry. This work continues on a previous stationary model, which showed that energetic particles
accelerated during flares can produce a strong ionisation rate at high column densities in the inner accretion disc. The
present model includes non-stationary sequences of flaring events sampled by a Chandra X-ray survey of nearby young
stellar objects. We calculate the averaged ionisation rate expected in a radius range from 0.08 to 0.6 au from the central star.
We confirm that energetic particles produced by the flares dominate the ionisation of the disc up to column densities of
10%° cm™2. We further study the main consequences of this additional source of ionisation on the viscosity, the accretion rate,
the volumetric heating rate and the chemical complexity of inner protoplanetary discs.
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How common can the origin of clusters Chal, Chall, ¢ Cha and
1 Cha be?

V. V. Bobylev, A. T. Bajkova

Abstract The trajectories of the clusters 1 Cha, ¢ Cha and Chal, Chall, constructed
backward in time, have been studied. We concluded that the hypothesis about the joint
formation of all four of these clusters from one molecular cloud cannot be completely ex-
cluded. However, 10—15 Myr ago, all these four clusters were located at approximately the
same height above the plane of the Galaxy. Thus, the gas-dust clouds from which all these
four clusters were formed were located on one broad front. It is possible that the appear-
ance of the Chal, Chall, e Cha and n Cha clusters may be associated with the impact on
such a front of shock waves formed after supernova explosions in the Scorpius-Centauri
association. New estimates of the kinematic ages of the clusters Cha I and Chall are ob-
tained as 0.12 £+ 0.19 and 0.05 & 0.15, respectively. It is shown that the minimum size of
the Cha I-north and Cha I-south clusters corresponded to the time of 0.55 4= 0.24 Myr and
0.04 £+ 0.18 Myr ago, respectively, and approximately 1.5 Myr ago the distance between
the trajectories of these two groupings was minimal.
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The role of magnetic fields in disc galaxies: spiral arm instability

Raghav Aroral, Christoph, Federrath?-, Robi Banerjeel , and Bastian K(Srgten1 ,

ABSTRACT

Context. Regularly-spaced, star-forming regions along the spiral arms of nearby galaxies provide insight into the early stages and
initial conditions of star formation. The regular separation of these star-forming regions suggests spiral arm instability as their origin.
Aims. We explore the effects of magnetic fields on the spiral arm instability.

Methods. We use three-dimensional global magnetohydrodynamical simulations of isolated spiral galaxies, comparing three different
initial plasma S values (ratios of thermal to magnetic pressure) of 5 = oo, 50, and 10. We perform Fourier analysis to calculate the
separation of the over-dense regions formed as a result of the spiral instability. We then compare the separations with observations.
Results. We find that the spiral arms in the hydro case (8 = o) are unstable, with the fragments initially connected by gas streams,
reminiscent of Kelvin-Helmholtz instability. In the 8 = 50 case, the spiral arms also fragment, but the fragments separate earlier and
tend to be slightly elongated in the direction perpendicular to the spiral arms. However, in the § = 10 run the arms are stabilised
against fragmentation by magnetic pressure. Despite the difference in the initial magnetic field strengths of the 8§ = 50 and 10 runs,
the magnetic field is amplified to 8,;, ~ 1 inside the spiral arms for both runs. The spiral arms in the unstable cases (hydro and 5 = 50)
fragment into regularly-spaced, over-dense regions. We determine their separation to be ~ 0.5 kpc in the hydro and ~ 0.65 kpc in the
B = 50 case, both in agreement with the observed values found in nearby galaxies. We find a smaller median characteristic wavelength
of the over-densities along the spiral arms of 0. 73*8 gé kpc in the hydro case, compared to 0. 98*8 4412 kpc in the 8 = 50 case. Moreover,
we find a higher growth rate of the over-densities in the 8 = 50 run compared to the hydro run. We observe magnetic hills and valleys
along the fragmented arms in the 8 = 50 run, which is characteristic of the Parker instability.

VTEERA AR IS /A - T 2B ORI AR EIRIE. BREOREZEMENRREEZ 5N
X9, KA TIE. GO EZIRTOHBIMRERNIES T a2l —> 3> THRELX LT
B=co, 50. 10D —R%Z LR L. BRBOALZEMICL 2 EFEEEOERZEHEL XL
B=co’r — X Tl :H’JO 5kpc. B=50D 4 — X Tl3#70.65kpc T, EHAIMBEE —L £ L7z, B=50
DT —RXATlIE. N—H—FALEHOFHTHIBTN EErAbEAINE LT



First detection in space of the high-energy isomer of cyanomethanimine: H,CNCN

DaviD SAN ANDRES (9.1 VicTor M. RiviLLa (2! Laura Corzi (2! 1zASKUN JIMENEZ-SERRA (21
JESUS MARTIN-PINTADO (21 ANDRES MEGIAS 2! ALvARO LOPEZ-GALLIFA (2! ANTONIO MARTINEZ-HENARES (2!
SARAH MassaLkui (2! SuaosHAN ZENG (22 MicueL Sanz-Novo 2! BELEN TERCERO (2 %% PaBLO DE VICENTE (2 *

8

SERGIO MARTIN .,5"6 MIGUEL ANGEL REQUENA TORRES ,7 GERMAN MOLPECERES ' ° AND

JUAN GARCiA DE LA CONCEPCION (2910

ABSTRACT

We report the first detection in the interstellar medium of N-cyanomethanimine (H,CNCN), the
stable dimer of HCN of highest energy, and the most complex organic molecule identified in space con-
taining the prebiotically relevant NCN backbone. We have identified a plethora of a-type rotational
transitions with 3 < J,, < 11 and K, < 2 that belong to this species towards the Galactic Cen-
ter G4-0.693-0.027 molecular cloud, the only interstellar source showing the three cyanomethanimine
isomers (including the Z- and E- isomers of C-cyanomethanimine, HNCHCN). We have derived a
total column density for HoCNCN of (2.940.1)x10'2 em™—2, which translates into a total molecular
abundance with respect to Hy of (2.1 £0.3)x107 !, We have also revisited the previous detection of
E- and Z-HNCHCN, and found a total C'/N-cyanomethanimine abundance ratio of 31.8+1.8 and a
Z/E-HNCHCN ratio of 4.5+0.2. While the latter can be explained on the basis of thermodynamic
equilibrium, chemical kinetics are more likely responsible for the observed C/N-cyanomethanimine
abundance ratio, where the gas-phase reaction between methanimine (CH,NH) and the cyanogen rad-
ical (CN) arises as the primary formation route.
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EL meteorites do date the giant planet instability

Chrysa Avdellidou!?*, Marco Delbo’!2, David Nesvorny?,
Kevin J. Walsh? & Alessandro Morbidelli'*
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JWST observations of the Horsehead photon-dominated region
l. First results from multi-band near- and mid-infrared imaging

A. Abergel!, K. Misselt?, K.D. Gordon®, A. Noriega-Crespo®, P. Guillard*, D. Van De Putte®, A.N. Witt>, N. Ysard® !,
M. Baes’, H. Beuther®, P. Bouchet’, B.R. Brandl'?, M. Elyajouri!, O. Kannavou', S. Kendrew!?, P. Klassen'?, and B.
Trahin?

ABSTRACT

Context. The James Webb Space Telescope (JWST) has captured the sharpest infrared images ever taken of the Horsehead nebula, a prototypical
moderately irradiated photon-dominated region (PDR) that is fully representative of most of the UV-illuminated molecular gas in the Milky Way
and star-forming galaxies.

Aims. We investigate the impact of far-ultraviolet (FUV) radiation emitted by a massive star on the edge of a molecular cloud in terms of
photoevaporation, ionization, dissociation, H, excitation, and dust heating. We also aim to constrain the structure of the edge of the PDR and its
illumination conditions.

Methods. We used NIRCam and MIRI to obtain 17 broadband and 6 narrowband maps of the illuminated edge of the Horsehead across a wide
spectral range from 0.7 to 28 yum. We mapped the dust emission, including the aromatic and aliphatic infrared (IR) bands, scattered light, and
several gas phase lines (e.g., Pae, Bra, H, 1-0 S(1) at 2.12 um). For our analysis, we also associated two HST-WFC3 maps at 1.1 and 1.6 um,
along with HST-STIS spectroscopic observations of the Ha line.

Results. We probed the structure of the edge of the Horsehead and resolved its spatial complexity with an angular resolution of 0.1 to 1” (equivalent
to 2 x 107 to 2 x 1073 pc or 40 to 400 au at the distance of 400 pc). We detected a network of faint striated features extending perpendicularly
to the PDR front into the HII region in NIRCam and MIRI filters sensitive to nano-grain emission, as well as in the HST filter at 1.1 um, which
traces light scattered by larger grains. This may indeed figure as the first detection of the entrainment of dust particles in the evaporative flow.
The filamentary structure of the 1-0 S(1) line of H, at the illuminated edge of the PDR presents numerous sharp sub-structures on scales as small
as 1.5”. An excess of H, emission compared to dust emission is found all along the edge, in a narrow layer (width around 1”, corresponding
to 2 x 1073 pc or 400 au) directly illuminated by o-Orionis. The ionization front and the dissociation front appear at distances 1 — 2 behind
the external edge of the PDR and seem to spatially coincide, indicating a very small thickness of the neutral atomic layer (below 100 au). All
broadband maps present strong color variations between the illuminated edge and the internal regions. This can be explained by dust attenuation
in a scenario where the illuminating star o-Orionis is slightly inclined compared to the plane of the sky, so that the Horsehead is illuminated from
behind at an oblique angle. The deviations from predictions of the measured emissions in the Ha, Paa, and Bra lines also indicate dust attenuation.
With a very simple model, we used the data to derive the main spectral features of the extinction curve. A small excess of extinction at 3 um may
be attributed to icy H,O mantles onto grains formed in dense regions. We also derived attenuation profiles from 0.7 to 25 um across the PDR. In all
lines of sight crossing the inner regions of the Horsehead, especially around the IR peak position, it appears that dust attenuation is non-negligible
over the entire spectral range of the JWST.
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Formation of low mass protostars and their circumstellar disks

A. Ahmad', M. Gonzélez!, P. Hennebelle?, and B. Cornmerg:on3
ABSTRACT

Context. Understanding circumstellar disks is of prime importance in astrophysics, however, their birth process remains poorly con-
strained due to observational and numerical challenges. Recent numerical works have shown that the small-scale physics, often
wrapped into a sub-grid model, play a crucial role in disk formation and evolution. This calls for a combined approach in which both
the protostar and circumstellar disk are studied in concert.

Aims. We aim to elucidate the small scale physics and constrain sub-grid parameters commonly chosen in the literature by resolving
the star-disk interaction.

Methods. We carry out a set of very high resolution 3D radiative-hydrodynamics simulations that self-consistently describe the
collapse of a turbulent dense molecular cloud core to stellar densities. We study the birth of the protostar, the circumstellar disk, and
its early evolution (< 6 yr after protostellar formation).

Results. Following the second gravitational collapse, the nascent protostar quickly reaches breakup velocity and sheds its surface
material, thus forming a hot (~ 10 K), dense, and highly flared circumstellar disk. The protostar is embedded within the disk, such
that material can flow without crossing any shock fronts. The circumstellar disk mass quickly exceeds that of the protostar, and its
kinematics are dominated by self-gravity. Accretion onto the disk is highly anisotropic, and accretion onto the protostar mainly occurs
through material that slides on the disk surface. The polar mass flux is negligible in comparison. The radiative behavior also displays
a strong anisotropy, as the polar accretion shock is shown to be supercritical whereas its equatorial counterpart is subcritical. We also
find a remarkable convergence of our results with respect to initial conditions.

Conclusions. These results reveal the structure and kinematics in the smallest spatial scales relevant to protostellar and circumstellar
disk evolution. They can be used to describe accretion onto regions commonly described by sub-grid models in simulations studying
larger scale physics.
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Extinction values towards embedded planets in protoplanetary disks
estimated from hydrodynamic simulations

FELIPE ALARCON 2! EpwiN A. BErRGIN (2! AND GABRIELE CuGNoO (2!

ABSTRACT

The upcoming new coronographs with deeper contrast limits, together with planned and current
high-contrast imaging campaigns will push the detectability limit of protoplanets. These planet-hunting
campaigns present a new opportunity to characterize protoplanets and their surrounding environments.
However, there are clear uncertainties as to what are the extinction levels at different regions of proto-
planetary disks, which will impede our ability to characterize young planets. A correct understanding
of the expected extinction together with multiple photometric observations will lead to constraints on
the extinction levels, dust growth, disk evolution and protoplanetary accretion rates. In this work,
we used hydrodynamic simulations and protoplanetary disk observational constraints obtained from
both dust and gas emission to explore the expected extinction maps for continuum filters associated
with strong hydrogen lines as tracers of accretion and key broadband photometric filters. We provide
a scaling relationship for the extinction as a function of planetary separation and disk mass for three
different gas giant masses. We also report values for a subset of disks of interest targetted by multiple
imaging campaigns. The described values will be useful for the optimal design of future planet-hunting
surveys and for giving context to non-detections in protoplanetary disks and the observed fluxes of
point sources along with the birth conditions of protoplanets.
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Search and study of young infrared stellar clusters
Naira Azatyan'"

Abstract

The main aim of this paper is to study both the Interstellar Medium (ISM)
and the young stellar population in the three star-forming regions, namely
TRAS 05137+3919, 05168+3634, and 19110+1045. The study of the ISM includes
determination of the hydrogen column density (N(Hz)) and dust temperature
(Tq) in the regions using Modified blackbody fitting. The main parameters of
identified and classified young stellar objects (YSOs) belonging to the regions
were determined comparing with the radiation transfer models. We also con-
structed a colour-magnitude diagram to compare the parameters of the YSOs
with the results of the radiative transfer models. The three stellar populations
appear to have formed under different scenarios. In the cases of IRAS 0513743919
and TRAS051684-3634, the age spread is considerably wider, suggesting that
the stellar population likely emerged from independent condensations. In con-
trast, the third region comprises a pair of ultra-compact HII regions (UCHIIs),
G45.1240.13 and G45.07+0.13, with a notably smaller age spread. This hints at
the possibility that these clusters originated from a single triggering event.
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Chandra X-ray Analysis of Herbig Ae/Be Stars

Hema Anilkumar,'* Blesson Mathew,! V. Jithesh,! Sreeja S. Kartha,! P. Manoj,2 Mayank Narang3
and Mahathi Chavali,*

ABSTRACT

Herbig Ae/Be (HAeBe) stars are intermediate-mass pre-main sequence stars, characterized by infrared excess and emission lines.
They are observed to emit X-rays, whose origin is a matter of discussion and not settled yet. X-ray emission is not expected in
HAeBe stars, as they lack the sub-surface convective zone. In this study, we retrieved observations from the Chandra archive
for 62 HAeBe stars, among which 44 sources (detection fraction ~71%) were detected in X-rays, with 7 being new detections.
We use this sample as a test bed to conduct a comparative analysis of the X-ray properties of HAeBe stars and their low-mass
counterparts, T Tauri Stars (TTSs). Further, we compare the X-ray properties of HAeBe stars and TTSs with optical and IR
properties to constrain the X-ray emission mechanism in HAeBe stars. We found no correlation between X-ray emission and disk
properties of HAeBe stars, confirming that X-rays are not related to accretion shocks. About 56% of HAeBe stars without any
known sub-arcsec companions have lower plasma temperatures (kT < 2 keV). We observe flaring/variability in HAeBe stars with
confirmed low-mass companions. These stars show plasma temperatures > 2 keV, similar to TTSs. Guided by this information
we discuss the role of a T Tauri companion for X-ray emission seen in our sample of HAeBe stars. From the results obtained in
this paper, we suggest that X-ray emission from HAeBe stars may not be related to accretion shocks or hidden TTS, but rather
can be due to magnetically driven coronal emission.
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