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5. VLTI/GRAVITY Provides Evidence the Young, Substellar Companion HD 136164 Ab formed like a "Failed

Star”, William O. Balmer, GRAVITY Collaboration (ApJ)

Young, low-mass Brown Dwarfs orbiting early-type stars, with low mass ratios (¢ < 0.01), appear
intrinsically rare and present a formation dilemma: could a handful of these objects be the highest
mass outcomes of “planetary” formation channels (bottom up within a protoplanetary disk), or are
they more representative of the lowest mass “failed binaries” (formed via disk fragmentation, or core
fragmentation)? Additionally, their orbits can yield model-independent dynamical masses, and when
paired with wide wavelength coverage and accurate system age estimates, can constrain evolutionary
models in a regime where the models have a wide dispersion depending on initial conditions. We present
new interferometric observations of the 16 Myr substellar companion HD 136164 Ab (HIP 75056 Ab)
with VLTI/GRAVITY and an updated orbit fit including proper motion measurements from the Hip-
parcos-Gaia Catalogue of Accelerations. We estimate a dvnamical mass of 35 + 10M; (g ~ 0.02),
making HD 136164 Ab the youngest substellar companion with a dynamical mass estimate. The new
mass and newly constrained orbital eccentricity (e = 0.44 + 0.03) and separation (22.5 + 1 au) could
indicate that the companion formed via the low-mass tail of the Initial Mass Function. Our atmo-
spheric fit to the SPHINX M-dwarf model grid suggests a sub-solar C/O ratio of 0.45, and 3x solar
metallicity, which could indicate formation in the circumstellar disk via disk fragmentation. Either
way, the revised mass estimate likely excludes “bottom-up” formation via core accretion in the cir-
cumstellar disk. HD 136164 Ab joins a select group of young substellar objects with dynamical mass
estimates; epoch astrometry from future Gaia data releases will constrain the dynamical mass of this
crucial object further.
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11. Formation of the Methyl Cation by Photochemistry in a Protoplanetary Disk, Olivier Berné et al. (Nature)
2023/Sept

Forty years ago it was proposed that gas phase organic chemistry in the interstellar

medium was initiated by the methyl cation CH3" (/-3), but hitherto it has not been

protoplanetary disk d203-506

observed outside the Solar System (4, 5). Alternative routes involving processes on Orion bar D=414pc
0.25 pc from Trapezium stars
grain surfaces have been invoked (6, 7). Here we report JWST observations of CH3" in r~100au, Md~10MJup, flared disk

A . . . . . M*=0.2+0.1M8
a protoplanetary disk in the Orion star forming region. We find that gas-phase organic
chemistry is activated by UV irradiation.

the emission of vibrationally and rotationally excited H, and CH*, and fine-structure emission of Oxygen ([Ol])
and ionized iron ([Fell]).

The molecular emission arises from a hot (Tgas ~ 1000 K) and dense (nH > 10° cm~3) wind that is produced by

photoevaporation from the disk due to irradiation by far-UV photons (FUV; 6<E<13.6 eV) from the
Trapezium stars.

The [Fell] image shows the emission associated with a collimated jet.
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14: Young, wild and free: the early expansion of star clusters, Alessandro Della Croce, et al. (AAp)

Early expansion plays a fundamental role in the dynamical evolution of young star clusters. However, until very recently most of our
understanding of cluster expansion was based only on indirect evidence or on statistically limited samples of clusters. Here we present
a comprehensive kinematic analysis of virtually all known young (r < 300 Myr) Galactic clusters based on the improved astrometric
quality of the Gaia DR3 data. Such a large sample provides the unprecedented opportunity to robustly constrain the fraction of clusters
and the timescale during which expansion has a prominent impact on the overall kinematics. We find that a remarkable fraction (up to
80%) of clusters younger than ~ 30 Myr is currently experiencing significant expansion, whereas older systems are mostly compatible
with equilibrium configurations. We observe a trend where the expansion speed increases with the clustercentric distance, suggesting
that clusters undergoing expansion will likely lose a fraction of their present-day mass. Also, most young expanding clusters show
large sizes, possibly due to the expansion itself. A comparison with a set of N-body simulations of young star clusters shows that the
observed expansion pattern is in general qualitative agreement with that found for systems undergoing violent relaxation and evolving
toward a final virial equilibrium state. However, we also note that additional processes likely associated with residual gas expulsion
and mass loss due to stellar evolution are also likely to play a key role in driving the observed expansion.
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thus suggesting that violent relaxation can play a key role
in triggering and driving early cluster expansion.



3. Outflows Driven from a Magnetic Pseudodisk, Shantanu Basu, et al. (ApJ)

Outflows play a pivotal role in star formation as one of its most visible markers and a means of
transporting mass, momentum, and angular momentum from the infalling gas into the surrounding
molecular cloud. Their wide reach (at least ~ 1000s of au) is a contrast to typical disk sizes (~ 10— 100
au). We employ high-resolution three-dimensional nested-grid nonideal magnetohydrodynamic (MHD)
simulations to study outflow properties in the Class 0 phase. We find that no disk wind is driven from
the extended centrifugal disk that has weak magnetic coupling. The low-velocity winds emerge instead
from the infalling magnetic pseudodisk. Much of the disk actually experiences an infall of matter
rather than outflowing gas. Some of the pseudodisk wind (PD-wind) moves inward to regions above
the disk and either falls onto the disk or proceeds upward. The upward flow gives the impression of
a disk wind above a certain height even if the gas is originally emerging from the pseudodisk. The
PD-wind has the strongest flow coming from a disk interaction zone that lies just outside the disk
and is an interface between the inwardly advected magnetic field of the pseudodisk and the outwardly
diffusing magnetic field of the disk. The low-velocity wind exhibits the features of a flow driven by
the magnetic pressure gradient force in some regions and those of a magnetocentrifugal wind in other
regions. We interpret the structure and dynamics of the outflow zone in terms of the basic physics of
gravity, angular momentum, magnetic fields, and nonideal MHD.
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1. An outburst and FU Ori-type disk of a former low luminosity protostar, Mizna Ashraf, et al. (MNRAS)

Strong accretion outbursts onto protostars are associated with emission dominated by a
viscously heated disk, which is characterized by high luminosities. We report the discovery
and characterization of a strong mid-IR (3.4, 4.6 um) outburst in the embedded protostar SST-
gbs J21470601+4739394 (hereafter SSTgbsJ214706). SSTgbsJ214706 has steadily brightened
in the mid-infrared by ~ 2 magnitudes over the past decade, as observed by NEOWISE.
Follow-up investigations with the Gemini near-IR spectrograph reveal that SSTgbsJ214706 is
a binary system with a spatially extended outflow. The outburst is occurring on the more em-
bedded southeast (SE) component, which dominates the mid- and far-infrared emission from
the source. The outbursting component exhibits a spectrum consistent with an FU Ori-type
outburst, including the presence of enhanced absorption observed in the molecular bands of
CO. The luminosity of the SE component is estimated to be ~ 0.23 L before the outburst and
~ 0.95 Lg during the outburst, which is 1 to 2 orders of magnitude fainter than bonafide FU
Ori outbursts. We interpret this eruption as an FU Ori-type outburst, although the possibility of
brightening following an extinction episode cannot be ruled out. We discuss the implications
and potential explanations for such a low-luminosity eruption.



2. An analysis of the turbulence in the central region of the Orion Nebula (M42) — II. homogeneity and
power-spectrum analyses, G. A. Anorve-Zeferino, et al. (MNRAS)

In this second communication we continue our analysis of the turbulence in the Huygens Region
of the Orion Nebula (M 42). We calculate the associated transverse structure functions up to
order 8-th and find that the higher-order transverse structure functions are almost proportional
to the second-order transverse structure function: we find that after proper normalisation, the
higher-order transverse structure functions only differ by very small deviations from the second-
order transverse structure function in a sub-interval of the inertial range. We demonstrate that
this implies that the turbulence in the Huygens Region is quasi-log-homogeneous, or to a
better degree of approximation, binomially weighted log-homogeneous in the statistical sense,
this implies that there is some type of invariant statistical structure in the velocity field of the
Huygens Region. We also obtain and analyse the power-spectrum of the turbulent field and
find that it displays a large tail that follows very approximately two power-laws, one of the
form E (k) o k=27 for the initial side of the tail, and one of the form £ (k) o« k~! for the end
of the tail. We find that the power-law with exponent g ~ —2.7 corresponds to spatial scales
of 0.0301-0.6450 pc. We find that the exponent of the first power-law g ~ —2.7 is related
to the exponent a, of the second-order structure function in the inertial range. We interpret
the second power-law with exponent S ~ —1 as an indicator of viscous-dissipative processes
occurring at scales of 6r = 1-5 pixels which correspond to spatial scales of 0.00043-0.00215

pc.



6. The GRAVITY young stellar object survey: XI. Imaging the hot gas emission around the Herbig Ae star
HD 58647 Y. -I. Bouarour, GRAVITY Collaboration (AAp)

Aims. We aim to investigate the origin of the HI Bry emission in young stars by using GRAVITY to image the innermost region of
circumstellar disks, where important physical processes such as accretion and winds occur. With high spectral and angular resolution,
we focus on studying the continuum and the HI Bry-emitting area of the Herbig star HD58647.

Methods. Using VLTI-GRAVITY, we conducted observations of HD58647 with both high spectral and high angular resolution.
Thanks to the extensive uv coverage, we were able to obtain detailed images of the circumstellar environment at a sub-au scale,
specifically capturing the continuum and the Bry-emitting region. Through the analysis of velocity-dispersed images and photocentre
shifts, we were able to investigate the kinematics of the HI Bry-emitting region.

Results. The recovered continuum images show extended emission where the disk major axis is oriented along a position angle of
14°. The size of the continuum emission at 5-sigma levels is ~ 1.5 times more extended than the sizes reported from geometrical
fitting (3.69 mas + 0.02 mas). This result supports the existence of dust particles close to the stellar surface, screened from the stellar
radiation by an optically thick gaseous disk. Moreover, for the first time with GRAVITY, the hot gas component of HD58647 traced
by the Bry has been imaged. This allowed us to constrain the size of the Bry-emitting region and study the kinematics of the hot gas;
we find its velocity field to be roughly consistent with gas that obeys Keplerian motion. The velocity-dispersed images show that the
size of the hot gas emission is from a more compact region than the continuum (2.3 mas + 0.2 mas). Finally, the line phases show that
the emission is not entirely consistent with Keplerian rotation, hinting at a more complex structure in the hot gaseous disk.



7. Dust growth and evolution in protoplanetary disks, Tilman Birnstiel

Over the past decade, advancement of observational capabilities, specif-
ically the Atacama Large Millimeter/submillimeter Array (ALMA) and
SPHERE instrument, alongside theoretical innovations like pebble ac-
cretion, have reshaped our understanding of planet formation and the
physics of protoplanetary disks. Despite this progress, mysteries persist
along the winded path of micrometer-sized dust, from the interstellar
medium, through transport and growth in the protoplanetary disk, to
becoming gravitationally bound bodies. This review outlines our cur-
rent knowledge of dust evolution in circumstellar disks, yielding the
following insights:

e Theoretical and laboratory studies have accurately predicted the
growth of dust particles to sizes that are susceptible to accumu-
lation through transport processes like radial drift and settling.

e Critical uncertainties in that process remain the level of tur-
bulence, the threshold collision velocities at which dust growth
stalls, and the evolution of dust porosity.

e Symmetric and asymmetric substructure are widespread. Dust
traps appear to be solving several long-standing issues in planet
formation models, and they are observationally consistent with
being sites of active planetesimal formation.

e In some instances, planets have been identified as the causes be-
hind substructures. This underlines the need to study earlier
stages of disks to understand how planets can form so rapidly.

In the future, better probes of the physical conditions in optically thick
regions, including densities, turbulence strength, kinematics, and par-
ticle properties will be essential for unraveling the physical processes at

play.



8. Dynamics of the Beta Pictoris planetary system and its falling evaporating bodies, H. Beust et al. (AAp)

Context. For decades, the spectral variations of 8 Pictoris have been modelled as the result of the evaporation of exocomets close
to the star, termed falling evaporating bodies (FEBs). Resonant perturbations by a hypothetical giant planet have been proposed to
explain the dynamical origin of these stargrazers. The disk is now known to harbour two giant planets, g Pic b and c, orbiting the star
at 9.9 au and 2.7 au. While the former almost matches the planet formerly suspected, the recent discovery of the latter complicates the
picture.

Aims. We first question the stability of the two-planet system. Then we investigate the dynamics of a disk of planetesimals orbiting
the star together with both planets to check the validity of the FEB generation mechanism.

Methods. Symplectic N-body simulations are used to first determine which regions of the planetesimal disk are dynamically stable
and which are not. Then we focus on regions where disk particles are able to reach high eccentricities, mainly thanks to resonant
mechanisms.

Results. The first result is that the system is dynamically stable. Both planets may temporarily fall in 7:1 mean motion resonance
(MMR). Then, simulations with a disk of particles reveal that the whole region extending between ~ 1.5 au and ~ 25 au is unstable to
planetary perturbations. However, a disk below 1.5 au survives, which appears to constitute an active source of FEBs via high-order
MMRs with g Pic c. In this new picture, g Pic b acts as a distant perturber that helps sustain the whole process.

Conclusions. Our new simulations rule out the preceding FEB generation mechanism model, which placed their origin at around 4—
5 au. Conversely, FEBs are likely to originate from a region much further in and related to MMRs with 8 Pic c. That mechanism also
appears to last longer, as new planetesimals are able to continuously enter the MMRs and evolve towards the FEB state. Subsequently,
the physical nature of the FEBs may differ from that previously thought, and presumably may not be icy.



9. Surveying the Giant HIl Regions of the Milky Way with SOFIA: VI. NGC 3603, James M. De Buizer et al. (ApJ)

We present our sixth set of results from our mid-infrared imaging survey of Milky Way Giant H II
regions with our detailed analysis of NGC 3603, the most luminous GH II region in the Galaxy. We
used imaging data from the FORCAST instrument on the Stratospheric Observatory For Infrared
Astronomy (SOFIA) at 20 and 37 pum which mapped the central ~8.5" x 8.5" infrared-emitting area
of NGC 3603 at a spatial resolution of <3"”. Utilizing these SOFIA data in conjunction with multi-
wavelength observations from the near-infrared to radio, including Spitzer-IRAC and Herschel-PACS
archival data, we investigate the physical nature of individual infrared sources and sub-components
within NGC 3603. For individual compact sources we used the multi-wavelength photometry data to
construct spectral energy distributions (SEDs) and fit them with massive young stellar object (MYSO)
SED models, and find 14 sources that are likely to be MYSOs. We also detect dust emission from the
3 massive proplyd candidates, as well as from the disk and outflow of the evolved blue supergiant, Sher
25. Utilizing multi-wavelength data, we derived luminosity-to-mass ratio and virial parameters for the
star-forming clumps within NGC 3603, estimating their relative ages and finding that NGC 3603 i1s
an older GH II region overall, compared to our previously studied GH II regions. We discuss how
NGC 3603, which we categorize as a ‘cavity-type’ GH II region, exhibits a more modest number of
MYSOs and molecular clumps when compared to the ‘distributed-type’ GH II regions that share similar
Lyman continuum photon rates.



10. Ammonia Observations of Planck Cold Cores, Dilda Berdikhan., et al. (AAp)

Single-pointing observations of NH; (1,1) and (2,2) were conducted towards 672 Planck Early Release Cold Cores (ECCs) using the Nanshan
26-m radio telescope. Out of these sources, a detection rate of 37% (249 cores) was achieved, with NH; (1,1) hyperfine structure detected in 187
and NHj; (2,2) emission lines detected in 76 cores. The detection rate of NHj; is positively correlated with the continuum emission fluxes at a
frequency of 857 GHz. Among the observed 672 cores, ~22% have associated stellar and IR objects within the beam size (~2"). This suggests
that most of the cores in our sample may be starless. The kinetic temperatures of the cores range from 8.9 to 20.7 K, with an average of 12.3K,
indicating a coupling between gas and dust temperatures. The ammonia column densities range from 3.6 x 10 to 6.07 x 10'> cm~2, with a median
value of 2.04 x 10" cm™2. The fractional abundances of ammonia range from 0.3 to 9.7 x 1077, with an average of 2.7 x 10”7, which is one order
of magnitude larger than that of Massive Star-Forming (MSF) regions and Infrared Dark Clouds (IRDCs). The correlation between thermal and
non-thermal velocity dispersion of the NH; (1,1) inversion transition indicates the dominance of supersonic non-thermal motions in the dense gas
traced by NH3, and the relationship between these two parameters in Planck cold cores is weaker, with lower values observed for both parameters
relative to other samples under our examination. The cumulative distribution shapes of line widths in the Planck cold cores closely resemble those
of the dense cores found in regions of Cepheus, and Orion L1630 and L1641, with higher values compared to Ophiuchus. However, the higher line
width values in the Planck cold cores, when compared to these dense cores in Ophiuchus, suggest that they might be in more advanced and warmer
stages of evolution. Additionally, the line width remains relatively small among the various samples examined. A comparison of NHj3 line-center
velocities with those of '*CO and C'*O shows small differences (0.13kms™' and 0.12kms™" ), suggesting quiescence on small scales.



12. Hot Jupiter Formation in Dense Star Clusters Leonard, Benkendorff, et al. (MNRAS)

Hot Jupiters (HJ) are defined as Jupiter-mass exoplanets orbiting around their host star with an orbital period < 10days. It is
assumed that HJ do not form in-situ but ex-situ. Recent discoveries show that star clusters contribute to the formation of HJ. We
present direct N-body simulations of planetary systems in star clusters and analyze the formation of HJ in them. We combine
two direct N-body codes: Nsopy6++GPU for the dynamics of dense star clusters with 32 000 and 64 000 stellar members and
LonNeLyPLANETS used to follow 200 identical planetary systems around solar mass stars in those star clusters. We use different
sets with 3, 4, or 5 planets and with the innermost planet at a semi-major axis of 5au or 1 au and follow them for 100 Myr in
our simulations. The results indicate that HJs are generated with high efficiency in dense star clusters if the innermost planet is
already close to the host star at a semi-major axis of 1 au. If the innermost planet is initially beyond a semi-major axis of 5 au, the
probability of a potential HJ ranges between 1.5 — 4.5 percent. Very dense stellar neighborhoods tend to eject planets rather than
forming HJs. A correlation between HJ formation and angular momentum deficit (AMD) is not witnessed. Young Hot Jupiters
(tage < 100 Myrs) have only been found, in our simulations, in planetary systems with the innermost planet at a semi-major axis
of 1 au.



13. The GRAVITY young stellar object survey XII. The hot gas disk component in Herbig Ae/Be stars, R.
Garcia, GRAVITY Collaboration (AAp)

Context. The region of protoplanetary disks closest to a star (within 1-2 au) is shaped by a number of different processes, from accretion of the
disk material onto the central star to ejection in the form of winds and jets. Optical and near-IR emission lines are potentially good tracers of inner
disk processes if very high spatial and/or spectral resolution are achieved.

Aims. In this paper, we exploit the capabilities of the VLTI-GRAVITY near-IR interferometer to determine the location and kinematics of the
hydrogen emission line Bry.

Methods. We present VLTI-GRAVITY observations of the Bry line for a sample of 26 stars of intermediate mass (HAEBE), the largest sample so
far analysed with near-IR interferometry.

Results. The Bry line was detected in 17 objects. The emission is very compact (in most cases only marginally resolved), with a size of 10-30
R.(1-5 mas). About half of the total flux comes from even smaller regions, which are unresolved in our data. For eight objects, it was possible to
determine the position angle (PA) of the line-emitting region, which is generally in agreement with that of the inner-dusty disk emitting the K-band
continuum.

The position-velocity pattern of the Bry line-emitting region of the sampled objects is roughly consistent with Keplerian rotation. The exception is
HD 45677, which shows more extended emission and more complex kinematics. The most likely scenario for the Bry origin is that the emission
comes from an MHD wind launched very close to the central star, in a region well within the dust sublimation radius. An origin in the bound gas
layer at the disk surface cannot be ruled out, while accreting matter provides only a minor fraction of the total flux.

Conclusions. These results show the potential of near-IR spectro-interferometry to study line emission in young stellar objects.



15. Dynamics in Star-forming Cores (DiSCo): Project Overview and the First Look toward the
Bl and NGC 1333 Regions in Perseus, Che-Yu Chen, et al. (MNRAS)

The internal velocity structure within dense gaseous cores plays a crucial role in providing the initial conditions for star formation
in molecular clouds. However, the kinematic properties of dense gas at core scales (~ 0.01 — 0.1 pc) has not been extensively
characterized because of instrument limitations until the unique capabilities of GBT-Argus became available. The ongoing GBT-
Argus Large Program, Dynamics in Star-forming Cores (DiSCo) thus aims to investigate the origin and distribution of angular
momenta of star-forming cores. DiSCo will survey all starless cores and Class 0 protostellar cores in the Perseus molecular
complex down to ~ 0.01 pc scales with < 0.05km s~! velocity resolution using the dense gas tracer NoH*. Here, we present
the first datasets from DiSCo toward the B1 and NGC 1333 regions in Perseus. Our results suggest that a dense core’s internal
velocity structure has little correlation with other core-scale properties, indicating these gas motions may be originated externally
from cloud-scale turbulence. These first datasets also reaffirm the ability of GBT-Argus for studying dense core velocity structure
and provided an empirical basis for future studies that address the angular momentum problem with a statistically broad sample.



