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20 Stellar collisions in globular clusters: the origin of multiple stellar populations

Valery Kravtsov , Sami Dib , Francisco A. Caldero’n and Jose” Antonio Belincho'n

ABSTRACT

Two generations of stars, G1 and G2, typically populate Galactic globular clusters (GCs). The origin of G2 stars is unclear. We
uncover two empirical dependencies between GC characteristics, which can be explained by the formation of G2 main-sequence
(MS) stars due to collision/merging of their primordial counterparts (G1). A similar genesis of both G2 stars and peculiar
objects like low-mass X-ray binaries and millisecond pulsars is also implied. Indeed, we find a significant (at a confidence
level >99.9 per cent) anticorrclation between the fraction of G1 red giants (Ngi/Nyot) and stcllar encounter ratcs among 51
GCs. Moreover, a Milky Way-like initial mass function requires at least ~50 per cent of MS stars located in the mass range
10.1-0.5] M. Unlike cluster mass loss, stellar collisions/merging retain these G1 stars by converting them into more massive
G2 ones, with mainly My > 0.5 M. This process coupled with a decreasing relative mass loss with increasing GC masses
implies a smaller (Ng1/Nyo) in more massive GCs with a shallower present-day mass function. From data for 35 GCs, we find
that such an anticorrelation is significant at 98.3 per cent confidence level (Spearman’s correlation) for the 12 most massive GCs
(Mgc > 10°2 M) and it is at a confidence level of 89 per cent for the 12 least massive GCs (Mgc < 10°! M,). Other fractions
of G1 and G2 stars observed at the bottom of the MS as compared with the red giant branch 1n a few GCs are consistent with the
scenario proposed.
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23 Dents Iin the Veil: Protostellar feedback in Orion

U. Kavak, J. Bally, J. R. Goicoechea, C. H. M. Pabst, F. F. S. van der Tak, and A. G. G. M. Tielens

Context. Interest in stellar feedback has recently increased because new studies suggest that radiative and mechanical feedback
from young massive stars regulate the physical and chemical composition of the interstellar medium (ISM) significantly. Recent
SOFIA [Cu] 158 um observations of the Orion Veil revealed that the expanding bubble is powered by stellar winds and influenced by
previously active molecular outflows of 10nizing massive stars.

Aims. We aim to investigate the mechanical feedback on the whole Veil shell by searching for jets/outflows interacting with the Veil

shell and determining the origin/driving mechanisms of these collisions.
Methods. We make use of the [Cu] 158 um map of the Orion Nebula taken with the upGREAT instrument onboard SOFIA. We

image the [C 1] emission the more extreme local standard of rest velocities (v sg) between —3 and —20 km s™! to pinpoint the high-
velocity structures. Using position-velocity (PV) diagrams and high-velocity [C ] emission, we search for spots of shock-accelerated
[C ] emitting gas, so called dents. At these positions, we extract [C u1] line profiles to identify velocity components. We also compare
the intensity distribution of the [C ] emission with that of 8 um PAH and 70 um warm dust emission to see if there is a trend among

these PDR tracers and to understand the origin of the dents.
Results. We identify six dents on the Veil shell with sizes between 0.3 and 1.35 pc and expansion velocities ranging from 4 to

14 km s~! relative to the expanding Veil shell. The [Cu] line widths toward the dents vary from 4 to 16 km s™' indicating that the
dents are the result of interaction of highly turbulent motions (e.g., shocked gas) with the Veil shell. Moreover, dents appear only in
the [Cu] PV diagram but not in the >CO or H121 cm diagrams. Furthermore, the intensity distribution of the [C ] emission of the
dents has a tight correlation with that of 8 um and 70 um as long as the OMC or the Veil do not dominate its emission. Also, the

observed dents do not have CO counterpart emission. These results indicate that the dents are made up of CO-dark H, gas. In the
light of these findings, as well as the momenta of the dents and their dynamical timescales, we propose that the dents are created by

the interaction of collimated jets/outflows from protostars with luminosities ranging from 10° to 10* L, indicating B-type stars in the
Orion star-forming cloud with the surrounding Veil shell. However, it is challenging to pinpoint the driving stars as they may have
moved from the original ejection points of the jets/outflows.

Conclusions. We conclude that the dynamics of the expanding Veil shell is influenced not just by the O-type stars in the Trapezium

cluster, but also by less massive stars, especially B-type, in the Orion Nebula. Mechanical feedback from protostars with a range of
masses appears to play an important role in determining the morphology of H nregions and injecting turbulence into the medium.
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24 ATOMS: ALMA Three-millimeter Observations of Massive Star-forming regions - IX. A
pilot study towards IRDC G034.43+00.24 on multi-scale structures and gas kinematics

Hong-Li Liu, Anandmayee Tej, Tie Liu, Paul F. Goldsmith, Amelia Stutz, Mika Juvela, Yong Zhang, Chang Won Lee et al.

ABSTRACT

We present a comprehensive study of the gas kinematics associated with density structures at different spatial scales in the
filamentary infrared dark cloud, G034.43+00.24 (G34). This study makes use of the H*CO™ (1-0) molecular line data from
the ALMA Three-millimeter Observations of Massive Star-forming regions (ATOMS) survey, which has spatial and velocity
resolution of ~0.04 pc and 0.2kms~!, respectively. Several tens of dendrogram structures have been extracted in the position-
position-velocity space of H*CO™, which include 21 small-scale leaves and 20 larger-scale branches. Overall, their gas motions
arc supersonic but they exhibit the interesting behaviour where leaves tend to be less dynamically supersonic than the branches.
For the larger scale, branch structures, the observed velocity—size relation (1.e. velocity variation/dispersion versus size) are
seen to follow the Larson scaling exponent while the smaller-scale, leaf structures show a systematic deviation and display
a steeper slope. We argue that the origin of the observed kinematics of the branch structures 1s likely to be a combination
of turbulence and gravity-driven ordered gas flows. In comparison, gravity-driven chaotic gas motion 1s likely at the level of
small-scale leaf structures. The results presented 1n our previous paper and this current follow-up study suggest that the main
driving mechanism for mass accretion/inflow observed in G34 varies at different spatial scales. We therefore conclude that a
scale-dependent combined effect of turbulence and gravity is essential to explain the star-formation processes in G34.
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19 Feasibility of detecting and characterizing embedded low-mass giant planets
in gaps in the VIS/NIR wavelength range

A. Krieger and S. Wol
ABSTRACT

High-contrast imaging in the visible and near-infrared (VIS/NIR) has revealed the presence of a plethora of substructures in circum-
stellar disks (CSDs). One of the most commonly observed substructures are concentric gaps that are often attributed to the presence
of embedded tforming planets. However, direct detections of these planets are extremely rare, and thus ambiguity regarding the origin
of most gap fcaturcs remains. The aim of this study is to investigate the capabilitics of high-contrast VIS/NIR 1imaging of dircctly
detecting and characterizing low-mass giant planets in gaps in a broad systematic parameter study. To this end, a gnd of models of
protoplanetary disks was generated. The models include a central T Tauri star surrounded by a face-on CSD harboring an accreting
planet, which itself is surrounded by a circumplanetary disk (CPD) and carves a gap. These gaps are modeled using empirically de-
termined profiles, and the whole system 1s simulated fully self-consistently using the Monte Carlo radiative transfer code Mol3D in
order to generate temperature distributions and synthetic observations assuming a generic dust composition consisting of astronom-
ical silicate and graphite. Based on these simulations, we measured the impact the planet and its CPD have on contrast curves and
quantified the impact of the observing wavelength and of five key parameters (planetary mass, mass accretion rate, distance to the
star, mass of the CPD, and mass of the CSD) on the determined signal strength. Subsequently, we applied a detection criterion on
our results and assess the capabilities of the instrument SPHERE/VLT of detecting the embedded planets. We find that a part of the
investigated parameter space includes detectable planets, and we elaborate on the implication a non-detection has on the underlying
parameters of a potential planet and its CPD. Furthermore, we analyze the potential loss of valuable information that would enable
the detection of embedded planets by the use of a coronagraphic mask. However, we find this outcome (o be extremely unlikely in the
case of SPHERE. Finally, within the VIS/NIR wavelength range we identify for each of the investigated basic properties of the planets
and the disks the most promising observing wavelengths that enable us to distinguish between different underlying parameter values.
In doing so, we find that the detectability and the characterization often benefit from different observing wavelengths, highlighting the
complementarity and importance of multiwavelength observations.
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21 The Effect of Molecular Cloud Properties on the Kinematics of Stars Formed
In the Trifid Region
Michael A. Kuhn, Lynne A. Hillenbrand, Eric D. Feigelson, lan Fowler, Konstantin V. Getman, Patrick S. Broos, Matthew S. Povich, and
Mariusz Gromadzki

ABSTRACT

The dynamical states of molecular clouds may affect the properties of the stars they form. In the
vicinity of the Trifid Nebula (d = 1180 4 25 pc), the main star cluster (Trifid Main) lies within an
expanding section of the molecular cloud; however, ~0.3° to the north (Trifid North), the cloud’s
velocity structure is more tranquil. We acquired a Chandra X-ray observation to identify pre-main-
sequence stars in Trifid North, complementing a previous observation of Trifid Main. In Trifid North, we
identified 51 candidate pre-main-sequence stars, of which 13 are high-confidence Trifid members based
on Gaia EDR3 parallaxes and proper motions. We also re-analyzed membership of Trifid Main and
separated out multiple background stellar associations. Trifid North represents a stellar population
~10% as rich as Trifid Main that formed in a separate part of the cloud. The 1D stellar velocity
dispersion in Trifid North (0.640.2 km s™!) is three times lower than in Trifid Main (1.940.2 km s~ 1).
Furthermore, in Trifid Main, proper motions indicate that the portion of the star cluster superimposed
on the optical nebula is expanding. Expansion of the H1I region around the O-star HD 164492A, and
the resulting gas expulsion, can explain both the motions of the stars and gas in Trifid Main. Contrary
to previous studies, we find no evidence that a cloud-cloud collision triggered star formation in the
region.
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22 Chemical Habitability:

Supply and Retention of Life’s Essential Elements During Planet Formation
Sebastiaan Krijt, Mihkel Kama, Melissa McClure, Johanna Teske, Edwin A. Bergin, Oliver Shorttle, Kevin J. Walsh, and Sean N. Raymond

Carbon, Hydrogen, Nitrogen, Oxygen, Phosphorus and Sulfur (CHNOPS) play key roles 1n
the origin and proliferation of life on Earth. Given the universality of physics and chemistry,
not least the ubiquity of water as a solvent and carbon as a backbone of complex molecules,
CHNOPS are likely crucial to most habitable worlds. To help guide and inform the search
for potentially habitable and ultimately inhabited environments, we begin by summarizing
the CHNOPS budget of various reservoirs on Earth, their role in shaping our biosphere, and
their origins in the Solar Nebula. We then synthesize our current understanding of how these
elements behave and are distributed in diverse astrophysical settings, tracing their journeys from
synthesis 1n dying stars to molecular clouds, protoplanetary settings, and ultimately temperate
rocky planets around main sequence stars. We end by identifying key branching points during
this journey, highlighting instances where a forming planets’ distribution of CHNOPS can be
altered dramatically, and speculating about the consequences for the chemical habitability of
these worlds.
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