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36. Merging Filaments and Hub Formation in the G083.097+03.270 A R L R e e

Molecular Complex (Alik Panja et al.) et m:‘:::s';s

We uncover a hub-filament system associated with massive star formation in the G083.097+4-03.270. amens Flanem:u:
Diagnosed with simultaneous 2CO, 3CO, and C'®O line observations, the region is found to host Approaching each aivr &L)
two distinct and elongated filaments having separate velocity components, interacting spatially and
kinematically, that appear to have seeded the formation of a dense hub at the intersection. A large s N ’ .

velocity spread at the hub in addition to clear bridging feature connecting the filaments in velocity are MG
indicating merging of filaments. Along the filaments axis, the velocity gradient reveals a global gas - S
motion with an increasing velocity dispersion inward to the hub signifying turbulence. Altogether, the
clustering of Class I sources, a high excitation temperature, a high column density, and presence of a
massive outflow at the central hub suggest enhanced star formation. We propose that merging of large-
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42. The time evolution of My/My.; in protoplanetary discs as a way to disentangle between viscosity and MHD winds

(Alice Somigliana et al.)

As the classic viscous paradigm for protoplanetary disk accretion is challenged by the observational
evidence of low turbulence, the alternative scenario of MHD disk winds is being explored as potentially
able to reproduce the same observed features traditionally explained with viscosity. Although the two
models lead to different disk properties, none of them has been ruled out by observations - mainly
due to instrumental limitations. In this work, we present a viable method to distinguish between the
viscous and MHD framework based on the different evolution of the distribution in the disk mass
(Mg) - accretion rate (M ) plane of a disk population. With a synergy of analytical calculations and
1D numerical simulations, performed with the population synthesis code Diskpop, we find that both
mechanisms predict the spread of the observed ratio My/ M in a disk population to decrease over
time; however, this effect is much less pronounced in MHD-dominated populations as compared to
purely viscous populations. Furthermore, we demonstrate that this difference is detectable with the
current observational facilities: we show that convolving the intrinsic spread with the observational
uncertainties does not affect our result, as the observed spread in the MHD case remains significantly
larger than in the viscous scenario. While the most recent data available show a better agreement with
the wind model, ongoing and future efforts to obtain direct gas mass measurements with ALMA and
ngVLA will cause a reassessment of this comparison in the near future.
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Table 1. Existing constraints on direct detection of turbulence from sub-mm lines. We
have converted the measurements into a constraint on asg using dvy,, = |/@sscs-
References: (1)Flaherty et al. (2015) (2)Flaherty et al. (2017) (3)Flaherty et al. (2018)
(4)Teague et al. (2018b) (5)Flaherty et al. (2020) (6)Flaherty (in prep.).

Object Tracer Vst /Cs f asg ) Reference
HD163296 CO and DCO* <0.05 <25 x (1,2)
10°%

TW Hya CO and CS <0.08 <6 x 107° (3,4)
MWC480 Cco <012 <0.01 (5)

V4046 Sgr co <015 <0.02 (5)

DM Tau co 0.25 0.0625 (5)

IM Lup co 018-030 | 003-0.09 ) (6)




we normalize the wind torque by the mid-plane thermal
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29. Testing external photoevaporation in the Orionis cluster with spectroscopy and disk mass

measurements (K. Mauco, et al.)

Context. The evolution of protoplanetary disks is regulated by an interplay of several processes, either internal to the system or related <5
to the environment. As most of the stars and planets, including our own Solar System, have formed in massive stellar clusters that
contain OB-type stars, studying the effects of UV radiation on disk evolution is of paramount importance.

Aims. Here we test the impact of external photoevaporation on the evolution of disks in the mid-age (~3-5 Myr) o-Orionis cluster by
conducting the first comblned large-scale UV to IR spectroscopic and mm-continuum survey of this region.

Ry

N
Methods. We study a parmple-ef50-tagets located at increasing distances from the central, massive OB system o-Ori. We combine new 7
spectra obtained w1th, used to measure mass accretion rates and stellar masses, with new and previously published —
ALMA measurements oI disk dust and gas fluxes and masses. &
Results. We confirm the previously found decrease of My, in the inner ~0.5 pc of the cluster. This is particularly evident when
considering the disks around the more massive stars (> 0.4 M), where those located in the inner part (< 0.5 pc) of the cluster have 23
Mgyt about an order of magnitude lower than the more distant ones. About half of the sample is located in the region of the My Vs S
Mg« expected by models of external photoevaporation, namely showing shorter disk lifetimes than expected for their ages. The E%

shorter disk lifetimes is observed for all targets with projected separation from o-Ori < 0.5 pc, proving that the presence of a massive
stellar system affects disk evolution.

Conclusions. External photoevaporation is a viable mechanism to explain the observed shorter disk lifetimes and lower My, in the
inner ~0.5 pc of the o-Orionis cluster, where the effects of this process are more pronounced. Follow-up observations of the low
stellar mass targets are crucial to constrain disk dispersion time scales in the cluster and to confirm the dependence of the external
photoevaporation process with stellar host mass. This work confirms that the eftects of external photoevaporation are significant down
to at least impinging radiation as low as ~ 10* G.
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30. Finding substructures in protostellar disks in Ophiuchus (Arnaud Michel et al.)

[
o
N

High-resolution, millimeter observations of disks at the protoplanetary stage reveal substructures
such as gaps, rings, arcs, spirals, and cavities. While many protoplanetary disks host such substruc-
tures, only a few at the younger protostellar stage have shown similar features. We present a detailed
search for early disk substructures in ALMA 1.3 and 0.87 mm observations of ten W
the Ophiuchus star-forming region. Of this sample, four disks have identified substriicture, two appear
to be smooth disks, and four are considered ambiguous. The structured disks have wide Gaussian-like
rings (0 r/Raisk ~ 0.26) with low contrasts (C' < 0.2) above a smooth disk profile, in comparison to pr
toplanetary disks where rings tend to be narrow and have a wide variety of contrasts (o /Rgisk ~ 0.08
and C ranges from 0 — 1). The four protostellar disks with the identified substructures are among
the brightest sources in the Ophiuchus sample, in agreement with trends observed for protoplanetary
disks. These observations indicate that substructures in protostellar disks may be common in brighter
disks. The presence of substructures at the earliest stages suggest‘ﬂ an early start for dust grain growth|

|a.nd, subsequently, planet formation. IThe evolution of these protostellar substructures is hypothesized
in two potential pathways: (1) the rings are the sites of early planet formation, and the later observed
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protoplanetary disk ring-gap pairs are secondary features, or (2) the rings evolve over the disk lifetime —~ 8
to become those observed at the protoplanetary disk stage. ?
Table 2. Ophiuchus protostellar disk sample Power Law Core with = 61
. : ©
Source Class  System  Peakigmm Olsmm Peakosrmm Oosrmm Tha® Lea” aN €Xponential Tail (PLCT). 44
(mJy) — (udy) (mJy) (kly)  (K) (Lo) R\ R\
Elias 29 I Single source 15.8 36 329 282 350 18 I ( R) =1 (_> exp | — (_) 2-
GSS 30 IRS 1 I Wide binary 12.5 36 25.1 22 300 87 R. R,
GSS 30 IRS 3 I Wide binary 395 92 52.5 1998 300 013 oo 4 Solccians 01
IRS 37-A I Wide multiple 9.7 32 17.4 236 130 26 5
IRS 44 1 Single source 10.7 33 20.9 213 180 15 R -2
IRS 63 I Single source  68.7 71 103.9 226 530 14 I(R) = Ioexp (_0'5 (;)
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I
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31. Global kinematics study of OH masers in W49N (Mendoza-Torres et al.)

Star formation is underway in the W49N molecular cloud (MC) at a high level of efficiency, with
almost twenty ultra-compact (UC) HII regions observed thus far, indicating a recent formation of massive
stars. Previous works have suggested that this cloud is undergoing a global contraction.

We analyse the data on OH masers in the molecular cloud W49N, observed with the VLBA at the
1612, 1665, and 1667 MHz transitions in left circular polarization (LCP) and right circular polarization
(RCP) with an aim to study the global kinematics of the masers.

We carried out our study based on the locations and observed velocities of the maser spots, V,,,. We
found the location («, 0),, of the maximum correlation between V=V ,,-V,, (with V,, the systemic ve-
locity) and distance to it. The velocities were fitted to the straight line of V -V s versus di, sm, resulting
in V z,. The difference between the fitted values and those obtained from observations is AV=(V -V s)-
Va. The V.-V, velocity shows a gradient as a function of the distance to (a, 6),, where the closer
spots have the largest velocities. Spots with similar velocities are located in different sectors, with respect
to (@, d),. Then, we assumed that the spots are moving towards a contraction centre (CCpy), Which is
at the apex of a CONUS. We also assumed that the distance of each spot to CCpy is d,. = V2 d(e.5m and
that they fall with a velocity Vec= \/fo,d, with the total velocity being Vy,=Vcc+ V2 AV. Using this
velocity, we estimated the free-fall velocity.

The coordinates of (a, 0),, are effectively (ap00=19:10:13.1253, 62000=9:6:13.570). The observed dis-
persion with respect to the global trend against d,.., shows a maximum at 0.12 pc, with a decay from 0.12
to 0.19 pc, which is faster than that taking place between 0.19 and 0.42 pc. Based on V,,,, an inner mass
of M;,,=2500 M, was estimated. In addition, the estimated accretion rate is M =1.4x1073 Mgyr~!, which
requires a time of t;,,=1.8x10° yr to accumulate M,,,,. The free-fall time, assuming n=1x10"% cm™3, is
t;;=3.4x10° yr. Performing the same procedure with published data that are of lower spatial resolution
(than the VLBA data) produces similar results. For example, based on the available data, we find that
(@,0), = (19:10:13.1392, 9:6:13.4387) J2000, which is at < 0.3 asec from what has been calculated with
the VLBA data, with an estimated inner mass of 2700 M. A sub-collapse appears to be taking place in
the region traced by the OH maser spots. Based on methanol maser cloudlets data, which lie in a smaller
region, another possible centre of contraction is identified, which could be due to a sub-collapse towards
a 75 M,, inner mass. The velocities of the OH spots at W49N, along with their positions with respect to
(,d), make it possible to trace a global kinematics that is apparently due to a sub-collapse in the W49N
MC.



32. Constraining the geometry of the reflection nebula NGC 2023 with [O I]: Emission & Absorption (B. Mookerjea et al.)

We have mapped the NGC 2023 reflection nebula in the 63 and 145 ym transitions of [O 1] and the 158 ym [C 1] spectral lines
using the heterodyne receiver upGREAT on SOFIA. The observations were used to identify the diffuse and dense components
of the PDR traced by the [C u] and [O 1] emission, respectively. The velocity-resolved observations reveal the presence of a
significant column of low-excitation atomic oxygen, seen in absorption in the [O 1] 63 um spectra, amounting to about 20-60%
of the oxygen column seen in emission in the [O 1] 145 um spectra. Some self-absorption is also seen in [C 11], but for the
most part it is hardly noticeable. The [C 1] and [O 1] 63 um spectra show strong red- and blue-shifted wings due to photo
evaporation flows especially in the southeastern and southern part of the reflection nebula, where comparison with the mid- and
high-J CO emission indicates that the C* region is expanding into a dense molecular cloud. Using a two-slab toy model the
large-scale self-absorption seen in [O 1] 63 um is readily explained as originating in foreground low-excitation gas associated
with the source. Similar columns have also been observed recently in other Galactic photon-dominated-regions (PDRs). These
results have two implications: for the velocity-unresolved extra-galactic observations this could impact the use of [O 1] 63 ym
as a tracer of massive star formation and secondly the widespread self-absorption in [O 1] 63 um leads to underestimate of the
column density of atomic oxygen derived from this tracer and necessitates the use of alternative indirect methods.



33. Correlation between the optical veiling and accretion properties: A case study of the classical T Tauri star DK Tau
(M. Nelissen et al.)

Context. Classical T Tauri stars (cTTs) accrete from their circumstellar disk. The material falls onto the stellar surface, producing an
accretion shock, which generates veiling in a star’s spectra. In addition, the shock causes a localized accretion spot at the level of the
chromosphere.

Aims. Our goal is to investigate the accretion, particularly the mass accretion rates (M), for the ¢cTTs DK Tau, over two periods of
17 and 29 days, using two different procedures for comparison purposes.

Methods. The first method relies on the derivation of the accretion luminosity via accretion-powered emission lines. The second
compares the variability of the optical veiling with accretion shock models to determine mass accretion rates. We used observations
taken in 2010 and 2012 with the ESPaDOnS (Echelle SpectroPolarimetric Device for the Observation of Stars) spectropolarimeter at
the CFHT (Canada-France-Hawaii Telescope).

Results. We find peak values of the veiling (at ~550nm) ranging from 0.2 to 1.3, with a steeper trend across the wavelength
range for higher peak values. When using the accretion-powered emission lines, we find mass accretion rate values ranging from
log (Maee|[ Mo yr"]) = -8.20 to log (M e[ Mo yr‘l]) = -7.40. This agrees with the values found in the literature, as well as the values
calculated using the accretion shock models and the veiling. In addition, we identify a power-law correlation between the values of
the accretion luminosity and the optical veiling. For the 2010 observations, using the values of the filling factors (which represent the
area of the star covered by an accretion spot) derived from the shock models, we infer that the accretion spot was located between
+45° and +75° in latitude.

Conclusion. We show that both methods of determining the mass accretion rate yield similar results. We also present a helpful means
of confirming the accretion luminosity values by measuring the veiling at a single wavelength in the optical.



34. Impact of hot exozodiacal dust on the polarimetric analysis of close-in exoplanets (Kevin Ollmann et al.)

Context. Hot exozodiacal dust (HEZD) found around main-sequence stars through interferometric observations in the photometric
bands H to L is located close to the dust sublimation radius, potentially at orbital radii comparable to those of close-in exoplanets.
Consequently, HEZD has a potential influence on the analysis of the scattered-light polarization of close-in exoplanets and vice versa.
Aims. We analyze the impact of HEZD on the polarimetric characterization of close-in exoplanets. This study is motivated in particular
by the recently proven feasibility of exoplanet polarimetry.

Methods. Applying the 3D Monte Carlo radiative transfer code POLARIS in an extended and optimized version for radiative transfer
in exoplanetary atmospheres and an analytical tool for modeling the HEZD, we simulated and compared the polarization character-
istics of the wavelength-dependent scattered-light polarization of HEZD and close-in exoplanets. As a starting point for our analysis,
we defined a reference model consisting of a close-in exoplanet with a scattered-light polarization consistent with the upper limit
determined for WASP-18b, and a HEZD consistent with the near-infrared excess detected for HD 22484 (10 Tau).

Results. The varied parameters are the planetary phase angle (0° — 180°), the dust grain radius (0.02 gm — 10 gm), the HEZD mass
(107'°Mg — 1078Mg), the orbital inclination (0° — 90°), the composition of the planetary atmosphere (Mie and Rayleigh scattering
atmosphere), the orbital radius of HEZD (0.02 au — 0.4 au), and the planetary orbital radius (0.01 au — 0.05 au). The dust grain
radius has the strongest influence on the polarimetric analysis due to its significant impact on the wavelength-dependent polarization
characteristics and the total order of magnitude of the scattered-light polarization. In certain scenarios, the scattered-light polarization
of the HEZD even exceeds that of the close-in exoplanet, for example for a dust grain radius of 0.1 gm, a HEZD mass of 8 x IO‘IOM@,
an orbital radius of HEZD of 0.04 au and an orbital inclination of 90°.

Conclusions. The presence of HEZD potentially has a significant impact on the polarimetric investigations of close-in exoplanets.
Furthermore, interferometric observations are required to better constrain the parameter space for HEZD and thus the possible result-
ing scattered-light polarization.



35. Dissecting the morphology of star forming complex S193 (Rakesh Pandey et al.)

We have studied a star-forming complex S193 using near-infrared (NIR) observations
and other archival data covering optical to radio wavelengths. We 1dentified stellar
clusters in the complex using the NIR photometric data and estimated the member-
ship and distance of the clusters. Using the mid-infrared (MIR) and far-infrared (FIR)
images, the distribution of the dust emission around H II regions is traced in the com-
plex. The Herschel column density and temperature maps analysis reveal 16 cold dust
clumps in the complex. The Ha image and 1.4 GHz radio continuum emission map
are employed to study the ionised gas distribution and infer the spectral type and the
dynamical age of each H1I region/ionised clump in the complex. The 12CO(J =3—2)
and *CO(J =1-0) molecular line data hint at the presence of two velocity compo-
nents around [-43,-46] and [-47,-50] km/s, and their spatial distribution reveals two
overlapping zones toward the complex. By investigating the immediate surroundings
of the central cluster [BDS2003]57 and the pressure calculations, we suggest that the
feedback from the massive stars seems responsible for the observed velocity gradient
and might have triggered the formation of the central cluster [BDS2003]57.



37. High-resolution [Ol] line spectral mapping of TW Hya consistent with X-ray driven photoevaporation (Ch. Rab et al.)

Theoretical models indicate that photoevaporative and magnetothermal winds play a crucial role
in the evolution and dispersal of protoplanetary disks and affect the formation of planetary systems.
However, it is still unclear what wind-driving mechanism is dominant or if both are at work, perhaps
at different stages of disk evolution. Recent spatially resolved observations by _Fang et al. (2023) of
the [OI] 6300 A spectral line, a common disk wind tracer, in TW Hya revealed that about 80% of the

emission is confined to the inner few au of the disk. In this work, we show that state-of-the-art X-\
3

ray driven photoevaporation models can reproduce the compact emission and the line profile of the
[OI] 6300 Aline. Furthermore, we show that the models also simultaneously reproduce the observed line
luminosities and detailed spectral profiles of both the [OI] 6300 A and the [Nell] 12.8 pm lines. While
MHD wind models can also reproduce the compact radial emission of the [O]] 6300 A line they fail
to match the observed spectral profile of the [O]] 6300 A line and undérestimate the luminosity of the
[Nell] 12.8 umline by a factor of three. We conclude that, while'we cannot exclude the presence of
an MHD wind component, the bulk of the wind structure of TW Hya is predominantly shaped by a
photoevaporative flowl.

High-resolution [O 1] line spectral mapping of TW Hya
supportive of a magnetothermal wind (Fang+2023)

& 8high-resolution VLT/MUSE spectral mapping of TW Hya
#5582 [Ol] is confined to within 1 AU radially from the star.
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38. Into the Mystic: ALMA ACA observations of the Mystic Mountains in Carina (Megan Reiter et al.)

We present new observations of the Mystic Mountains cloud complex in the Carina Nebula using the ALMA Atacama Compact
Array (ACA) to quantify the impact of strong UV radiation on the structure and kinematics of the gas. Our Band 6 observations
target CO, 3CO, and C'0; we also detect DCN J=3-2 and '3CS J=5-4. A dendrogram analysis reveals that the Mystic Mountains
are a coherent structure, with continuous emission over —10.5 km s~! < v < =2 km s~!. We perform multiple analyses to isolate
non-thermal motions in the Mystic Mountains including computing the turbulent driving parameter, b, which indicates whether
compressive or solenoidal modes dominate. Each analysis yields values similar to other pillars in Carina that have been observed
in a similar way but are subject to an order of magnitude less intense ionizing radiation. We find no clear correlation between
the velocity or turbulent structure of the gas and the incident radiation, in contrast to other studies targeting different regions of
Carina. This may reflect differences in the initial densities of regions that go on to collapse into pillars and those that still look like
clouds or walls in the present day. Pre-existing over-densities that enable pillar formation may also explain why star formation
in the pillars appears more evolved (from the presence of jets) than in other heavily-irradiated but non-pillar-like regions. High
resolution observations of regions subject to an array of incident radiation are required to test this hypothesis.



39. Protoplanetary and debris disks in the Chamaeleontis Association: A sub-millimeter survey obtained with
APEX/LABOCA (V. Roccatagliata et al.)

Context. Nearby associations are ideal regions to study coeval samples of protoplanetary and debris disks down to late M-type stars.
Those aged 5-10,Myrs, where most of the disk should have already dissipated forming planets, are of particular interest.

Aims. We present the first complete study of both protoplanetary and debris disks in a young region, using the n Chamaeleontis
(n Cha) association as a test bench to study the cold disk content. We obtained sub-millimeter data for the entire core population down
to late M-type stars, plus a few halo members.

Methods. We performed a continuum sub-millimeter survey with APEX/LABOCA of all the core populations of 7 Cha association.
These data are combined with archival, multi-wavelength photometry to compile a complete spectral energy distribution. Disk prop-
erties have been derived by modeling protoplanetary and debris disks using RADMC 2D and DMS, respectively. We compute a lower
limit of the disk millimeter fraction, which is then compared to the corresponding disk fraction in the infrared for n Cha. We also
revisit and refine the age estimate for the region, using the Gaia eDR3 astrometry and photometry for the core sources.

Results. We find that protoplanetary disks in 1 Cha typically have holes with radii of the order of 0.01 to 0.03 AU, while ring-like
emission from the debris disks is located between 20 au and 650 au from the central star. The parallaxes and Gaia eDR3 photometry,
in combination with the PARSEC and COLIBRI isochrones, enable us to confirm an age of 7 Cha between 7 and 9 Myrs. In general,
the disk mass seems insufficient to support accretion over a long time, even for the lowest mass accretors, a clear difference compared
with other regions and also a sign that the mass budget is further underestimated. We do not find a correlation between the stellar
masses, accretion rates, and disk masses, although this could be due to sample issues (the objects are few and mostly low-mass). We
confirm that the presence of inner holes is not enough to stop accretion unless accompanied by dramatic changes to the total disk mass
content. Comparing 7 Cha with other regions at different ages, we find that the physical processes responsible for debris disks (e.g.,
dust growth, dust trapping) efficiently act in less than 5 Myrs.



40. Early Planet Formation in Embedded Disks (eDisk) IX: High-resolution ALMA Observations of the Class 0
Protostar R CrA IRS5N and its surrounding (Rajeeb Sharma et al.)

We present high-resolution, high-sensitivity observations of the Class 0 protostar RCrA IRS5N as part
of the Atacama Large Milimeter /submilimeter Array (ALMA) large program Early Planet Formation
in Embedded Disks (eDisk). The 1.3 mm continuum emission reveals a flattened continuum structure
around IRS5N, consistent with a protostellar disk in the early phases of evolution. The continuum
emission appears smooth and shows no substructures. However, a brightness asymmetry is observed
along the minor axis of the disk, suggesting the disk is optically and geometrically thick. We estimate
the disk mass to be between 0.007 and 0.02 M. Furthermore, molecular emission has been detected
from various species, including C'®0 (2-1), 12CO (2-1), '*CO (2-1), and H2CO (30,3 — 20,2, 32.1 — 22.0,
and 395 — 25 1). By conducting a position-velocity analysis of the C'®0 (2-1) emission, we find that
the disk of IRS5N exhibits characteristics consistent with Keplerian rotation around a central protostar
with a mass of approximately 0.3 M. Additionally, we observe dust continuum emission from the
nearby binary source, IRS5a/b. The emission in '2CO toward IRS5a/b seems to emanate from IRS5b
and flow into IRSbHa, suggesting material transport between their mutual orbits. The lack of a detected

outflow and large-scale negatives in 12CO observed toward IRS5N suggests that much of the flux from
IRS5N 1s being resolved out. Due to this substantial surrounding envelope, the central IRS5N protostar
1s expected to be significantly more massive in the future.



41. How to make giant planets via pebble accretion (Sofia Savvidou et al.)

Planet formation is directly linked to the birthing environment that protoplanetary disks provide. The disk properties determine
whether a giant planet will form and how it evolves. The number of exoplanet and disk observations is consistently rising, however, it
is not yet possible to directly link these two populations. Therefore, a deep theoretical understanding of how planets form is crucial.
Giant planets are not the most common exoplanets, but their presence in a disk can have significant consequences for the evolution
of the disk itself and the planetary system undergoing formation. Their presence also offers more chances of spotting observational
features in the disk structure. We performed numerical simulations of planet formation via pebble and gas accretion, while including
migration, in a viscously evolving protoplanetary disk, with dust growing, drifting, and evaporating at the ice lines. In our investigation
of the most favorable conditions for giant planet formation, we find that these are high disk masses, early formation, and a large
enough disk to host a long-lasting pebble flux, so that efficient core growth can take place before the pebble flux decays over time.
Specifically, core growth needs to start before 0.9 Myr to form a giant, with an initial disk mass of 0.04 M, (or higher) and the disk
radius needs to be larger than 50 AU. However, small disks with the same mass allow more efficient gas accretion onto already formed
planetary cores, leading to more massive gas giants. Given the right conditions, high viscosity (o = 10~*) leads to more massive cores
(compared to @ = 107*) and it also enhances gas accretion. At the same time, it causes faster type II migration rates, so the giants
have a decreasing final position for increasing viscosity. Intermediate dust fragmentation velocities, between 4 and 7 m/s, provide the
necessary pebble sizes and radial drift velocities for maximized pebble accretion with optimal pebble flux. The starting location of
a planetary embryo defines whether a giant planet will form, with the highest fraction of giants originating between 5 and 25 AU.
Finally, a dust-to-gas ratio of 0.03 can compensate for lower disk masses with f; < 0.015, but early formation is still important in
order to form giant planets. We conclude that there is no specific initial parameter that leads to giant planet formation; rather, it is the
outcome of a combination of complementary factors. This also implies that the diversity of the exoplanet systems is the product of the
intrinsic diversity of the protoplanetary disks and it is crucial to take advantage of the increasing number and quality of observations
to constrain the disk population properties and ultimately devise planet formation theories.



