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42 ALMA view of the L1448-mm protostellar system on disk scales: CH;0H and H”CN
as new disk wind tracers
P. Nazari, B. Tabone, A. Ahmadi, S. Cabrit, E. F. van Dishoeck, C. Codella, J. Ferreira, L.. Podio, L. Tychoniec,
M. L. van Gelder # Protostellar disks are known to accrete, however, the exact mechanism that extracts the angular
momentum and drives accretion in the low-ionization "dead" region of the disk is under debate. In recent years,
magneto-hydrodynamic (MHD) disk winds have become a popular solution. Yet, observations of these winds require
both high spatial resolution (~10s au) and high sensitivity, which has resulted in only a handful of MHD disk wind
candidates so far. In this work we present high angular resolution (~30 au) ALMA observations of the emblematic
L1448-mm protostellar system and find suggestive evidence for an MHD disk wind. The disk seen in dust continuum
(~0.9 mm) has a radius of ~23 au. Rotating infall signatures in H*CO™ indicate a central mass of 0.4 +0.1 M, and
a centrifugal radius similar to the dust disk radius. Above the disk, we unveil rotation signatures in the outflow traced
by H'®*CN, CH;OH, and SO lines and find a kinematical structure consistent with theoretical predictions for MHD
disk winds. This is the first detection of an MHD disk wind candidate in H'*CN and CH3;OH. The wind launching
region estimated from cold MHD wind theory extends out to the disk edge. The magnetic lever arm parameter would
be Ay =~ 1.7, in line with recent non-ideal MHD disk models. The estimated mass-loss rate is ~4 times the protostellar
accretion rate (ﬁ,-'fﬂc,: ~ 2 x 1075M, /yr) and suggests that the rotating wind could carry enough angular momentum
to drive disk accretion.

L1448-mm 7 ZE & 2 fE8e(~30 au) TELAI
+ H'3CN, CH,OHE#R L [ElEs+7 7 b 7 8 —(MHDFI#E) % 'R 9

- ETILH BLHETE S FL/-mass-loss rateld. FEEOHBRERIN OB EHEIE %
BETEBD I & RE

Lm




A MA
c FIRBEANIHDEET B3, AEEFEAIR VELDH 2 (B EHEEHILRIE)

. E?‘ouﬁtrﬁi%ﬁc‘: L TIEMHDF ﬂ?b\ m7=h. FAEEDlaunching pointld A A0
(RIS Y. BUNREED BB Z & S BRI A D7 L

58

BAIRE 1 L1448-mm (L1448-C, Per-emb 26)
C | a S S O 9E 1j: N EE %ﬁ -~ 3 O O p C Table 1: Targetted spectral lines and observational parameters

Species Frequency  Aj Eyp rms Spectral resolution ~ Beam

d ALMA 1 2 m a rray, Ba n d 7 (GHz) (5—') (K) (mly beam") (kms™h) )
73 Lk, I7] CH;O0H (25 —3;2)  335.13357 27x107° 45 1.4 0.44 0.09 x 0.12
¢ /\ﬁq: Hb ~ 0.1 (30 C) H'3CN (4-3) 34533977  19x107°% 41 2.1 0.21 0.09 x0.12

- 9{ —_ SO (8¢ — 75) 346.52848 54x107 79 22 0.21 0.09 x0.12
— 0) 17‘|§ L‘— E’éﬁ l-/ T Lj: N Si0 (8p — 7o) 347.33058 22x1072 75 22 0.42 0.09x0.12
ﬁE;E D AN .?. %E %ﬁ?%ﬁ'iﬁu D i \ﬁﬂ b ‘j: H3CO* (4-3) 34699834  33x 107 42 2.1 0.21 0.13x0.18
1 jj 1. z In jj q: H e 0.88 mm continuum  340.8399 - - 0.25 - 0.08 x0.12
,—'— N
-~ O ° 3,' - 1 "$§ E 7—: 0 f: Notes. The line rms is calculated in channels with widths given in the sixth column. The spectroscopic information of all the lines are taken from

the Cologne Database for Molecular Spectroscopy (Miiller et al. 2001; Miiller et al. 2005).
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46.

Probing the physics of star formation (ProPStar): I. First resolved maps of the electron
fraction and cosmic-ray ionization rate in NGC 1333

Jaime E. Pineda, Olli Sipila, Dominique M. Segura-Cox, Maria Teresa Valdivia-Mena, Roberto Neri, Michael
Kuffmeier, Alexei V. Ivlev, Stella S. R. Offner, Maria Jose Maureira, Paola Caselli, Silvia Spezzano, Nichol
Cunningham, Anika Schmiedeke, Mike Chen % Electron fraction and cosmic-ray ionization rates (CRIR) in star-
forming regions are important quantities in astrochemical modeling and are critical to the degree of coupling between
neutrals, ions, and electrons, which regulates the dynamics of the magnetic field. However, these are difficult quantities
to estimate. We aim to derive the electron fraction and CRIR maps of an active star-forming region. We combined
observations of the nearby NGC 1333 star-forming region carried out with the NOEMA interferometer and IRAM
30-m single dish to generate high spatial dynamic range maps of different molecular transitions. We used the DCO™
and H'*CO™ ratio (in addition to complementary data) to estimate the electron fraction and produce cosmic-ray
ionization rate maps. We derived the first large-area electron fraction and CRIR resolved maps in a star-forming
region, with typical values of 106> and 10~16-5 s—1_ respectively. The maps present clear evidence of enhanced values
around embedded young stellar objects (YSOs). This provides strong evidence for locally accelerated cosmic rays. We
also found a strong enhancement toward the northwest region in the map that might be related either to an interaction
with a bubble or to locally generated cosmic rays by YSOs. We used the typical electron fraction and derived a MHD
turbulence dissipation scale of 0.054 pc, which could be tested with future observations. We found a higher cosmic-ray
ionization rate compared to the canonical value for N(Hy) = 10%! — 10%® em~2 of 107!7 s~! in the region, and it
is likely generated by the accreting YSOs. The high value of the electron fraction suggests that new disks will form
from gas in the ideal-MHD limit. This indicates that local enhancements of {(Hs), due to YSOs, should be taken into
account in the analysis of clustered star formation.
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51 Testing analytical methods to derive the cosmic-ray ionisation rate in cold regions via
- synthetic observations

E. Redaelli, S. Bovino, A. Lupi, T. Grassi, D. Gaete-Espinoza, G. Sabatini, P. Caselli % Cosmic rays (CRs) heavily
impact the chemistry and physics of cold and dense star-forming regions. However, characterising their ionisation rate
is still challenging from an observational point of view. In the past, a few analytical formulas have been proposed to
infer the cosmic-ray ionization rate (s from molecular line observations. These have been derived from the chemical
kinetics of the involved species, but they have not been validated using synthetic data processed with a standard
observative pipeline. We aim to bridge this gap. We perform the radiative transfer on a set of three-dimensional
magneto-hydrodynamical simulations of prestellar cores, exploring different initial (s, evolutionary stages, types of
radiative transfer (e.g. assuming local-thermodynamic-equilibrium conditions), and telescope responses. We then
compute the column densities of the involved tracers to determine (o, using, in particular, the equation proposed by
Bovino et. al (2020) and by Caselli et al. (1998) both used nowadays. Our results confirm that the method of Bovino
et al. (2020) accurately retrieves the actual (o within a factor of 2 — 3, in the physical conditions explored in our tests.
Since we also explore a non-local thermodynamic equilibrium radiative transfer., this work indirectly offers insights
into the excitation temperatures of common transitions at moderate volume densities (n ~ 10° cm—?). We have also
performed a few tests using the formula proposed by Caselli et al. (1998), which overestimates the actual (s by at
least two orders of magnitudes. We also consider a new derivation of this method, which, however, still leads to large
overestimates.
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43.

Gas Phase Ions in Protoplanetary Disks from Collisions of Solids

Jakob Penner, Gerhard Wurm, Jens Teiser + Ionization is important for magnetohydrodynamics and chemistry
in protoplanetary disks but known ionization sources are often weak along the midplane. We present, for the first
time, data from a laboratory experiment, where we measure ions from colliding mm-basalt grains emitted into the
surrounding gas phase. This positive detection implies that very basic collisions in early phases of planet formation
are sources of ionization. The midplane of protoplanetary disks might be ionized despite the lack of intense radiation
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44.

Accretion and magnetism on young eccentric binaries: DQ Tau and AK Sco

Kim Pouilly, Axel Hahlin, Oleg Kochukhov, Julien Morin, Agnes Késpal % The accretion and ejection of mass
in pre-main sequence (PMS) stars are key processes in stellar evolution as they shape the stellar angular momentum
transport necessary for the stars’ stability. Magnetospheric accretion onto classical T Tauri stars and low-mass PMS
stars has been widely studied in the single-star case. This process can not be directly transferred to PMS binary
systems, as tidal and gravitation effects, and/or accretion from a circumbinary dise (with variable separation of the
components in the case of eccentric orbits) are in place. This work examines the accretion process of two PMS
eccentric binaries, D() Tau and AK Sco, using high-resolution spectropolarimetric time series. We investigate how
magnetospheric accretion can be applied to these systems by studying the accretion-related emission lines and the
magnetic field of each system. We discover that both systems are showing signs of magnetospheric accretion, despite
their slightly different configurations, and the weak magnetic field of AK Sco. Furthermore, the magnetic topology
of DQ) Tau A shows a change relative to the previous orbital cycle studied: previously dominated by the poloidal
component, it is now dominated by the toroidal component. We also report an increase of the component’s accretion
and the absence of an accretion burst at the apastron, suggesting that the component’s magnetic variation might be the
cause of the inter-cycle variations of the system’s accretion. We conclude on the presence of magnetospheric accretion
for both systems, together with gravitational effects, especially for AK Sco, composed of more massive components.



45 On the growth and evolution of low-mass planets in pressure bumps

Arnaud Pierens, Sean N. Raymond s Observations of protoplanetary discs have revealed dust rings which are
likely due to the presence of pressure bumps in the disc. Because these structures tend to trap drifting pebbles,
it has been proposed that pressure bumps may play an important role in the planet formation process. In this
paper, we investigate the orbital evolution of a 0.1 My, protoplanet embedded in a pressure bump using 2-dimensional
hydrodynamical simulations of protoplanetary discs consisting of gas and pebbles. We examine the role of thermal
forces generated by the pebble accretion-induced heat release, taking into account the feedback between luminosity
and eccentricity. We also study the effect of the pebble-scattered flow on the planet’s orbital evolution. Due to
accumulation of pebbles at the pressure bump, the planet’s accretion luminosity is high enough to induce significant
eccentricity growth through thermal forces. Accretion luminosity is also responsible for vortex formation at the planet
position through baroclinic effects, which cause the planet escape from the dust ring if dust feedback onto the gas is
neglected. Including the effect of the dust back-reaction leads to weaker vortices, which enable the planet to remain
close to the pressure maximum on an eccentric orbit. Simulations in which the planet mass is allowed to increase as a
consequence of pebble accretion resulted in the formation of giant planet cores with mass in the range 5 — 20 Mg, over
~ 2 % 10% yrs. This occurs for moderate values of the Stokes number St ~ 0.01 such that the pebble drift velocity
is not too high and the dust ring mass not too small. Our results suggest that pressure bumps mays be preferred
locations for the formation of giant planets, but this requires a moderate level of grain growth within the disc.



47.

Spectral characterization of young LT dwarfs

L. Piscarreta, K. Muzié, V. Almendros-Abad, A. Scholz % We aim to provide a detailed characterization of near-
infrared spectra for young LT brown dwarfs, including robust spectral typing, calibrating spectral indices, identifying
possible binaries, and selecting suitable spectral standards. We processed and analyzed archival spectra from VLT /X-
shooter for a sample of 56 dwarfs with ages between 10 and 600 Myr and spectral types between late-M and mid-T. We
re-determine spectral types by comparing them with a set of literature templates and assess a large range of spectral
indices, calibrated using a specifically designed literature sample. We are able to identify 15 spectral indices that are
useful for spectral typing for specific spectral ranges discussed here and provide the scaling relations with spectral
types. Moreover, we also identify 6 spectral indices which can be used to separate young L dwarfs from the field ones.
The equivalent-widths of the alkali lines show a correlation with age, increasing towards the objects with higher surface
gravity. From our sample, we confirm 3 that are likely to be binaries by their anomalous spectra that appear to be
better fitted by a combination of spectral types. Finally, we identify 12 objects as preliminary near-infrared spectral
standards for young LT dwarfs. This paper presents a significant step toward understanding the spectral sequence and
properties of young L and T dwarfs. The relations and standards provided here will be useful for future spectroscopic
work on young brown dwarfs and giant planets.



48.

Cracking the relation between mass and 1P-star fraction of globular clusters: 1. Present-
day cluster masses as a first tool

Geneviéve Parmentier % The phenomenon of multiple stellar populations is exacerbated in massive globular clusters,
with the fraction of first-population (1P) stars a decreasing function of the cluster present-day mass. We decipher this
relation in far greater detail than has been done so far. We assume (i) a fixed stellar mass threshold for the formation of
second-population (2P) stars, (ii) a power-law scaling Fjp m.;:lz between the mass m..; of newly-formed clusters and
their 1P-star fraction Fjp, and (iii) a constant I} p over time. The F}p(m..) relation is then evolved up to an age of
12Gyr for tidal field strengths representative of the entire Galactic halo. The 12Gyr-old model tracks cover extremely
well the present-day distribution of Galactic globular clusters in (mass,Fyp) space. The distribution is curtailed on
its top-right side by the scarcity of clusters at large Galactocentric distances, and on its bottom-left side by the initial
scarcity of very high-mass clusters, and dynamical friction. Given their distinct dissolution rates, "inner" and "outer"
model clusters are offset from each other, as observed. The locus of Magellanic Clouds clusters in (mass,Fip) space
is as expected for intermediate-age clusters evolving in a gentle tidal field. Given the assumed constancy of Fip,
we conclude that 2P-stars do not necessarily form centrally-concentrated. We infer a minimum mass of 4 - 10° M
for multiple-populations clusters at secular evolution onset. This high-mass threshold severely limits the amount of
2P-stars lost from evolving clusters, thereby fitting the low 2P-star fraction of the Galactic halo field.



49.

Introducing cuDisc: a 2D code for protoplanetary disc structure and evolution calcula-
tions

Alfie Robinson, Richard A. Booth, James E. Owen % We present a new 2D axisymmetric code, cuDisc, for study-
ing protoplanetary discs, focusing on the self-consistent calculation of dust dynamics, grain size distribution and disc
temperature. Self-consistently studying these physical processes is essential for many disc problems, such as structure
formation and dust removal, given that the processes heavily depend on one another. To follow the evolution over sub-
stantial fractions of the disc lifetime, cuDisc uses the CUDA language and libraries to speed up the code through GPU
acceleration. cuDisc employs a second-order finite-volume Godonuv solver for dust dynamics, solves the Smoluchowski
equation for dust growth and calculates radiative transfer using a multi-frequency hybrid ray-tracing /flux-limited-
diffusion method. We benchmark our code against current state-of-the-art codes. Through studying steady-state
problems, we find that including 2D structure reveals that when collisions are important, the dust vertical structure
appears to reach a diffusion-settling-coagulation equilibrium that can differ substantially from standard models that
ignore coagulation. For low fragmentation velocities, we find an enhancement of intermediate-sized dust grains at
heights of 1 gas scale height due to the variation in collision rates with height, and for large fragmentation velocities,
we find an enhancement of small grains around the disc mid-plane due to collisional "sweeping” of small grains by
large grains. These results could be important for the analysis of disc SEDs or scattered light images, given these
observables are sensitive to the vertical grain distribution.



20.

DBNets: A publicly available deep learning tool to measure the masses of young planets
in dusty protoplanetary discs

Alessandro Ruzza, Giuseppe Lodato, Giovanni Pietro Rosotti % Current methods to characterize embedded
planets in protoplanetary disc observations are severely limited either in their ability to fully account for the observed
complex physics or in their computational and time costs. To address this shortcoming, we developed DBNets: a deep
learning tool, based on convolutional neural networks, that analyses substructures observed in the dust continuum
emission of protoplanetary discs to quickly infer the mass of allegedly embedded planets. We focussed on developing a
method to reliably quantify not only the planet mass, but also the associated uncertainty introduced by our modelling
and adopted techniques. Our tests gave promising results achieving an 87% reduction of the log Mp mean squared
error with respect to an analytical formula fitted on the same data (DBNets metrics: lmse 0.016, r2-score 97%). With
the goal of providing the final user of DBNets with all the tools needed to interpret their measurements and decide on
their significance, we extensively tested our tool on out-of-distribution data. We found that DBNets can identify inputs
strongly outside its training scope returning an uncertainty above a specific threshold and we thus provided a rejection
criterion that helps determine the significance of the results obtained. Additionally, we outlined some limitations of our
tool: it can be reliably applied only on discs observed with inclinations below approximately 60 deg, in the optically
thin regime, with a resolution 8 times better than the gap radial location and with a signal-to-noise ratio higher than
approximately ten. Finally, we applied DBNets to 33 actual observations of protoplanetary discs measuring the mass

of 48 proposed planets and comparing our results with the available literature. We confirmed that most of the observed
gaps imply planets in the sub-Jupiter regime. DBNets is publicly available at dbnets.fisica.unimi.it.



52. Predicting the Dominant Formation Mechanism of Multi-Planetary Systems

Cheyanne Shariat, Yasuhiro Hasegawa, Bradley M. S. Hansen, Tze Yeung Mathew Yu, Renyu Hu % Most, if
not all, sun-like stars host one or more planets, making multi-planetary systems commonplace in our galaxy. We utilize
hundreds of multi-planet simulations to explore the origin of such systems, focusing on their orbital architecture. The
first set of simulations assumes in-situ assembly of planetary embryos, while the second explores planetary migration.
After applying observational biases to the simulations, we compare them to 2504 observed multi-planetary systems,
including 13 systems with planets in the habitable zone. For all of the systems, we calculate two of the so-called
statistical measures: the mass concentration (S.) and orbital spacing (S;). After analytic and empirical analyses, we
find that the measures are related to first-order with a power law: S, ~ S?. The in-situ systems exhibit steeper power-
law relations relative to the migration systems. We show that different formation scenarios cover different regions in
the S, — S, diagram with some overlap. Furthermore, we discover that observed systems with S, < 30 are likely
dominated by the migration scenario, while those with Ss > 30 are likely dominated by the in-situ scenario. We apply
these criteria to determine that a majority (62%) of observed multi-planetary systems formed via migration, whereas
most systems with currently observed habitable planets formed via in-situ assembly. This work provides methods
of leveraging the statistical measures (S, and S.) to disentangle the formation history of observed multi-planetary
systems based on their present-day architectures.
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We focus on two of these quantities as done in previous
studies (e.g., Sun et al. 2017; Clement et al. 2019; Lykawka &
Ito 2019; Arora & Hasegawa 2021; Mabh et al. 2022). The first
quantity is a measure of the radial mass concentration (§,.) and
is given by

M, ;
S. = max Mo = | (5)
> M, jllogy(a/ap ;)]

The second quantity that we employ is the orbital spacing
(S5), which is similar to the averaged mutual spacing normal-
ized by the mutual Hill radius. One difference is that S is
normalized by M!'Jf 4 (not My %). This is motivated by the results
of N-body simulations that explore the stability of multiplanet
systems (Chambers et al. 1996):
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Figure 4. The cumulative distributions of the mass concentration (5,; left column) and orbital spacing (§,; right column) of the biased simulation data compared to
the observed Kepler sample, which are both split into two subgroups. The dotted blue lines are the biased in situ simulated systems, and the dashed blue lines are
in situ systems selected for more systems with multiplicities greater than 3. The dotted red lines are the distributions of the biased migration simulation data, and the
dashed red lines are the artificial migration systems generated to include higher multiplicities (see Section 3.4 for details). We compare this to the observed Kepler
systems with different cutoffs. We split the observed systems based on those with §; < 30 (orange) and those with §; > 30 (light blue). For the observed distributions,
we include shaded regions that represent Poisson error bars for each bin.



53.

A Statistical and Multiwavelength Photometric Analysis of a Young Embedded Open
Star Cluster: IC 1590

A. H. Sheikh, Biman J. Medhi + We present a statistical and multiwavelength photometric studies of young open
cluster IC 1590. We identified 91 cluster members using Gaia DR3 astrometry data using ensemble-based unsupervised
machine learning techniques. From Gaia EDR3 data, we estimate the best-fitted parameters for IC 1590 using the
Automated Stellar Cluster Analysis package (ASteCA) yielding the distance d ~ 2.87 + 0.02 Kpc, age ~ 3.54 + 0.05
My, metallicity z ~ 0.0212 £+ 0.003, binarity value of ~ 0.558, and extinction A, ~ 1.252 + 0.4 mag for an R, value
of ~ 3.322 4+ 0.23. We estimate the initial mass function slope of the cluster to be a = 1.081 + 0.112 for single stars
and o« = 1.490 £ 0.051 for a binary fraction of ~ (0.558 in the mass range 1 My < m(Mg) < 100 M. The G-band
luminosity function slope is estimated to be ~ 0.33 + 0.09. We use (J — H) versus (H — K,) color-color diagram to
identify young stellar objects (YSOs). We found that all the identified YSOs have ages < 2 Myr and masses ~ 0.35 -
5.5 M. We also fit the radial surface density profile. Using the galpy we performed orbit analysis of the cluster. The
extinction map for the cluster region has been generated using the PNICER technique and it is almost similar to the
dust structure obtained from the 500 pm dust continuum emissions map of Herschel SPIRE. We finally at the end
discussed the star formation scenario in the cluster region.



54.

Planetesimal and planet formation in transient dust traps

Zs. Sandor, O. M. Guilera, Zs. Regily, W. Lyra % The ring-like structures in protoplanetary discs that are
observed in the cold dust emission by ALMA, might be explained by dust aggregates trapped aerodynamically in
pressure maxima. The effect of a transient pressure maximum is investigated that develops between two regimes with
different turbulent levels. We study how such a pressure maximum collects dust aggregates and transforms them into
large planetesimals and Moon-mass cores that can further grow to a few Earth-mass planets by pebble accretion,
and eventually to giant planets, by considering the accretion of a gaseous envelope. A numerical model is developed,
incorporating the evolution of gaseous disc, growth and transport of pebbles, N-body interactions of growing planetary
cores and their backreaction to gas disc by opening a partial gap. Planetesimal formation by streaming instability is
parametrized in our model. A transient pressure maximum efficiently accumulates dust particles that can grow larger
than mm-size. If this happens, dust aggregates can be transformed by the streaming instability process into such large
planetesimals, which can grow further by pebble accretion, according to our assumptions. As the gas evolves to its
steady state, the pressure maximum vanishes, and the concentrated pebbles that are not transformed to planetesimals
and accreted by the growing planet, drift inward. During this inward drift, if the conditions of the streaming instability
are met, planetesimals are formed in a wide radial range of the disc. Conclusions. A transient pressure maximum is
a favourable place for planetesimal and planet formation during its lifetime and the concentration of pebbles induces
continuous formation of planetesimals even after its disappearance. Besides, the formation of a planet can trigger the
formation of planetesimals over a wide area of the protoplanetary disc.



55.

Luminosity Outbursts in Interacting Protoplanetary Systems

Aleksandr M. Skliarevskii, Eduard I. Vorobyov % FU Orionis type objects (fuors) are characterized by rapid
(tens to hundreds years) episodic outbursts, during which the luminosity increases by orders of magnitude. One of the
possible causes of such events is a close encounter between stars and protoplanetary disks. Numerical simulations show
that the fuor-like outburst ignition requires a very close encounter ranging from a few to a few tens of au. In contrast,
the observed stellar objects in fuor binaries are usually hundreds of au apart. Simple mathematical estimates show
that if such a close approach took place, the binary stellar components would have an unrealistic relative velocity,
at least an order of magnitude greater than the observed velocity dispersion in voung stellar clusters. Thus, the
bursts are either triggered with a certain delay after passage of the periastron or their ignition does not necessary
require a close encounter and hence the outburst is not caused by the primordial gravitational perturbation of the
protoplanetary disk. In this work, an encounter of a star surrounded by a protoplanetary disk with a diskless external
stellar object was modeled using numerical hydrodynamics simulations. We showed that even fly-bys with a relatively
large periastron (at least 500 au) can result in fuor-like outbursts. Moreover, the delay between the periastron passage
and the burst ignition can reach several kyr. It was shown for the first time by means of numerical modeling that the
perturbation of the disk caused by the external object can trigger a cascade process, which includes the development
of the thermal instability in the innermost disk followed by the magneto-rotational instability ignition. Because of the
sequential development of these instabilities, the rapid increase in the accretion rate occurs, resulting in the luminosity
increase by more than two orders of magnitude.
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