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Abstract

The exoALMA large program provided an unprecedented view of the morphologies and kinematics of 15
circumstellar disks, offering a biased but homogenous and well-characterized sample for population-level
analysis. Continuum observations revealed numerous dust substructures, known to be potential signatures of
embedded planets. We analyze the observed dust morphologies with the simulation-based inference tool
DBNets2.0, assuming these are due to embedded planets at fixed locations, to infer the system’s properties. We
estimate the putative planet mass, the disk « viscosity, scale height, and dust Stokes number that would reproduce
19 substructures in 13 of the 15 exoALMA disks. We compare our results with literature estimates derived with
different methods, and find good agreement in most cases. We further explore the implications of the inferred disk
properties for accretion, showing that for the Herbig stars in our sample, the implied viscous accretion timescales
are too long to account for their observed stellar accretion rates. Regarding planet migration, our results favor
inward migration, with only three putative planets expected to migrate outward. Finally, we check for correlations
of the inferred disk and planet properties with the disks’ gas-to-dust mass ratio, nonaxisymmetry index, and
masses of the gas, dust, and host stars, finding no remarkable trends.

Unified Astronomy Thesaurus concepts: Protoplanetary disks (1300); Astronomy image processing (2306);
Astronomy data analysis (1858); Planetary system formation (1257)
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1. Introduction

Substructures, such as gaps, rings, and -cavities, are
ubiquitous in protoplanetary and transition disk continuum
observations (e.g., ALMA Partnership et al. 2015; A. Isella
et al. 2016; S. M. Andrews et al. 2018; C. J. Clarke et al. 2018;
G. Dipierro et al. 2018; S. E. van Terwisga et al. 2018;
J. Huang et al. 2020; J. Bae et al. 2023; P. Curone et al. 2025).

Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOL

Although several mechanisms have been proposed to explain
their origin (e.g., J. F. Hawley 2001; P. Barge et al. 2017;
C. P. Dullemond & A. B. T. Penzlin 2018; X. Hu et al. 2019;
J. Bae et al. 2023), planet—disk interaction remains one of the
most promising and discussed (e.g., G. Dipierro et al. 2015;
G. P. Rosotti et al. 2016; S. Zhang et al. 2018; G. Lodato et al.
2019; A. Ruzza et al. 2024, 2025) observationally confirmed in
the two cases of PDS 70 (e.g., A. Isella et al. 2019; M. Keppler
et al. 2019) and WISPIT 2 (R. F. v. Capelleveen et al. 2025). In
this scenario, the observed dust substructures emerge due to
gravitational interaction with embedded young planets, result-
ing in the formation of gaps and rings whose morphological
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features depend on the physical properties of the system
(K. D. Kanagawa et al. 2016, 2017; G. P. Rosotti et al. 2016;
G. Dipierro & G. Laibe 2017; G. Lodato et al. 2019).
Substructures can thus serve as an indirect probe for disk and
planet properties that are still poorly constrained.

The large number of available observations enables
gathering samples suitable for population-level statistically
significant analysis and discussion, as done for instance in
G. Lodato et al. (2019) and A. Ruzza et al. (2024, 2025). The
estimation is done with simulation-based inference (SBI),
which consists of fitting data with a model that is either the
direct output of numerical simulations or a representation of
that output. This process has been conducted manually by
comparing synthetic observations to actual data (B. Veronesi
et al. 2020; G. Dipierro et al. 2018; D. Fedele et al. 2018;
S. Zhang et al. 2018; C. Toci et al. 2019) or through the
calibration of empirical relationships (K. D. Kanagawa et al.
2016; R. Dong & J. Fung 2017; G. Lodato et al. 2019). A more
recent alternative has been the use of machine learning
techniques (S. Auddy & M.-K. Lin 2020; S. Auddy et al.
2021, 2022; S. Zhang et al. 2022; S. Mao et al. 2024; A. Ruzza
et al. 2024, 2025; S. Shafaat Mahmud et al. 2026), which have
shown significant advantages over other methods, combining
the same speed and ease of use of empirical relations with the
higher expressiveness of neural networks and the possibility,
as done when fine-tuning simulations, of exploiting the entire
observed morphology. These methods have demonstrated high
accuracy on synthetic datasets and, in most cases, provided
reliable quantification of the uncertainties.

The exoALMA Large Program (R. Teague et al. 2025)
results represent a rare and valuable case of a homogenous
sample of disk dust continuum observations. All of them
present substructures in the millimeter continuum identified
and characterized by P. Curone et al. (2025), with the sole
exception of PDS 66. It should be noted, however, that
substructures were also observed in this disk at higher
resolution in similar wavelengths (Atacama Large Milli-
meter/submillimeter Array (ALMA) Band 7; A. Aguayo
et al. 2025) and at longer (ALMA Band 3; A. Ribas et al.
2025), and shorter (S. G. Wolff et al. 2016) wavelengths,
which trace different populations of dust grains. In this Letter,
we aim to investigate what population of planets would be
consistent with these substructures, assuming that each is the
result of the disk interaction with an embedded young planet.
We estimate, for all the objects in this sample, both the disks’
and planets’ physical properties. We then compare them with
literature constraints and analyze their implications for both
the observability and evolution of these systems.

To this end, we use DBNets2.0 (A. Ruzza et al. 2025,
hereafter R25), a state-of-the-art SBI method that exploits
machine learning techniques to enable a quick inference of the
planet and disk properties that have a role in determining the
observed morphology. Using neural posterior estimation (see,
e.g., K. Cranmer et al. 2020), the full joint posterior for these
properties is inferred, revealing degeneracies and enabling
uncertainty quantification.

Further details regarding DBNets2.0 are provided in
Section 2. Section 3 presents our motivation for the selection
of this sample and our strategy for the analysis of each source.
Results and systematic comparisons with previous studies are
presented in Section 4 with further discussion in Section 5. In
Section 6 we draw our conclusions.

Ruzza et al.

2. DBNets2.0

DBNets2.0 is an SBI pipeline for rapidly fitting dust
substructures, such as gaps, rings, and cavities, observed in
disk dust continuum emission. Assuming the planet—disk
interaction scenario, the tool takes as input the dust continuum
observation, its angular resolution, and the assumed planet
location, and infers the mass of the putative planet responsible
for the observed substructures. In addition, it constrains three
disk properties that can influence their morphology: the disk
viscosity (N. I. Shakura & R. A. Sunyaev 1973), gas aspect
ratio (h = H/R), and dust Stokes number (St). To do that,
DBNets2.0 uses convolutional neural networks (CNNs) and
normalizing flows (see, e.g., G. Papamakarios et al. 2017),
which allow inference of the full posterior distribution for the
target properties, enabling an uncertainty-aware analysis and
unveiling all existing degeneracies. The employed methods
make the tool fast to apply to new data and easily scalable to
larger datasets. Additionally, the extensive testing carried out
in R25 on synthetic data demonstrated the accuracy of the
inference results.

This pipeline is ultimately fitting data with a specific model,
and all the inferred posteriors are to be understood as
conditional upon it. This is not unique of SBI methods as
the same is generally true for any technique of Bayesian
inference with a model. In SBI, the model is implicitly defined
by the training dataset, which, in this case, is composed of
synthetic disk observations generated from the results of 2D
hydrodynamical simulations. To clarify the assumptions
underlying our results, we report in Appendix A the key steps
and simplifications used to generate these data. Further details
are provided in A. Ruzza et al. (2024, 2025). The inferred
distributions cannot account for scenarios that are not included
in this model. Therefore, it must be assessed if, or in which
conditions, this model is appropriate to analyze the data. When
the outlined assumptions can be made safely is, in general, an
open question that goes beyond the scope of this work. We try
to touch upon this issue first, more generally, in Appendix A
and then in more detail by discussing, in Appendix B, each
disk separately in light of all the information available from
previous studies.

To support the analysis of whether the underlying model can
reproduce the data, DBNets2.0 provides a metric called the
“confidence score” (CS) that quantifies, with a value between
zero and one, the similarity between the input continuum
observation and the synthetic data within the DBNets2.0
training sample (the exact definition can be found in
Appendix A). R25 identified 0.6 as a loose threshold between
input data from the same distribution of the training dataset
and random or out-of-distribution data. It was advised to treat
with additional caution (or reject), any result with a CS less
than this threshold. However, a small overlap around this
threshold between in-distribution and out-of-distribution data
was shown. Hence, in this work, since lower values are still
close to this threshold, we adopt a conservative approach,
considering estimates with CS < 0.6 as uncertain. We exclude
these points from the presentation and discussion of aggre-
gated results, but we still present them in plots where they can
be clearly marked.

Additionally, because DBNets2.0, as any machine learning
method, cannot safely extrapolate beyond the parameter space
where it was trained, posteriors that extend beyond it should be
regarded as nonconstraining. We identify as such all estimates



THE ASTROPHYSICAL JOURNAL LETTERS, 1000:L16 (21pp), 2026 March 20 Ruzza et al.
Table 1

Analyzed Disks, Putative Planet Locations, and Inferred Best Estimates of the Disk and Planet Properties

Disk Name M, R, Redge log o h log St M, CS
(M) [au] [au] [Myyp)

AA Tau 0.79 11 —3.69%, 2201307 0.64
72 —3.637, 0.07+33% —1.51%342 0.07+32 0.84
CQ Tau 1.40 20 41 —3.71% 0.0490! —2.497949 2347983 0.60
DM Tau 0.45 14 0.66
72 —2.26" 0.05°991 —2.07013 0.05*99? 0.96
*HD 135344B 1.61 28 51 —2.787F 0.0403! —2.6475% 246074 0.49
66 —3.827929 0.07+39! —1.567513 0.2373%7 0.68
HD 143006 1.56 22 0.07* 301 2761037 259141 0.73
52 —3.40 0.087591 —1.2879% 0.3370:3% 0.63
HD 34282 1.61 47 124 —3.72° 0.07+3%2 —1.89793¢ 7.144333 0.67
11604 1.29 41 82 —2.997931 0.06°90! —2.057937 7915132 0.86
J1615 1.14 83 —2.35% 0.0739! —2.467533 0.297308 0.95
11852 1.03 31 —2.387 0.07+39! —1.827922 2128072 0.61
*LkCa 15 1.14 2 68 —2.937, 0.0801 —2.521012 1637038 0.54
86 —3.76F 0.0673% —1.457912 0.07+3:%2 0.72
"MWC 758 1.40 30 ~3.55* 0.04*001 —2.231030 2354037 0.52
SY Cha 0.77 33 —3.78% 0.075592 — 1817034 2474082 0.61
V4046 Sgr 1.73 8 —3.75% 3.7343% 0.86
20 —3.32F 0.09199! —2.837%17 1.49793¢ 0.67

Note. Putative planet locations within cavities are underlined. In these cases, we also report the cavity edge (Reqge), Which we reference in Section 5.2. CS quantifies,
with a value between zero and one, the similarity of the input observation to DBNets2.0 training data. Following R25, CS < 0.6 indicates poor representation of the
respective dust morphology in the DBNets2.0 training data. Therefore, they must be treated with additional caution and uncertainty. We mark these cases with an
asterisk before the disk name. Because lower CS values are still close to this threshold, we still provide all our results. Unconstrained estimates are not reported in the

table.

whose 2.5th and 97.5th percentiles (corresponding to 2o for a
Gaussian) fall outside of the respective prior support. As for
estimates with CS < 0.6, unconstrained estimates are removed
from our presentation and discussion of aggregated results,
while they are marked as uncertain in plots that distinguish
individual estimates.

3. Sample Selection and Methodology

For this study, we considered all fiducial Band 7 continuum
observations of the exoALMA Large Program, which were
CLEANed, calibrated, and made publicly available by the
ex0ALMA collaboration (P. Curone et al. 2025; R. A. Loomis
et al. 2025; R. Teague et al. 2025). It is important to note that
the exoALMA sample is inherently affected by selection
biases, leading to an overrepresentation of brighter and more
extended disks (for details see R. Teague et al. 2025).

DBNets2.0 requires as input a proposed planet location to fit
the observed substructures. In this Letter, we separately
consider each disk and propose the locations of embedded
planets based on all available information, including dust
morphology and relevant literature. Table 1 presents a
summary of the proposed planet locations derived from this
discussion, while Appendix B outlines the considerations that
guided these choices.

As a general strategy, we consider as viable planet locations
those of gaps and cavities identified by P. Curone et al. (2025)
through the characterization of the azimuthally symmetric
frank (J. Jennings et al. 2020) fits of the disks’ continuum
emission. We also follow P. Curone et al. (2025)’s
characterization when distinguishing between gaps and
cavities. We note that both types of substructures are equally
represented in the DBNets2.0 training dataset (see A. Ruzza

et al. 2024, 2025). In addition to the P. Curone et al. (2025)
selection criteria, we exclude substructures that are not visible
in the azimuthally averaged radial profiles obtained from the
CLEANed images, such as the D63 gap in J1842, and consider
shallow gaps in low signal-to-noise ratio observations only if a
planet at the same location was already proposed in previous
studies.

In some disks with multiple gaps, we assume multiple planet
locations, interpreting the results as described in Appendix A.
In the case of cavities, planets could be located over a wider
range of radii, and the DBNets2.0 output is sensitive to this
choice (see Section 5.2). We select the putative planet’s
location based on previous studies that proposed detections of
planet signatures such as direct thermal emission or kinematic
perturbations, and exclude from our main discussions the
cavity of J1842, which lacks such constraints. However,
because these detections remain debated, in Appendix C we
provide DBNets2.0 estimates as a function of the assumed
planet location, including J1842 in this analysis.

For each disk and putative planet, the output is an estimate
of the posterior distribution p(«, h, St, M,/M,|x, M) condi-
tioned on observation x and underlying model M discussed in
Section 2. All analyses and results presented here are based on
10° samples drawn from each inferred posterior distribution.
The conversion from M,/M, to M, is done using dynamical
stellar masses derived by A. F. Izquierdo et al. (2025).

4. Results and Comparison with the Literature

Individual results for each proposed planet are reported in
Table 1 and Appendix D. We also report the CSs of
DBNets2.0 estimates, which, in three cases, fall below the
rejection threshold (CS =0.6) set by R25. These are three
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Figure 1. Distributions of the four inferred properties for the full sample, excluding results considered uncertain or unconstrained. The shaded histograms show the
medians of the individual posterior distributions, while the overlaid curves represent the stacked posteriors, normalized for comparison. y-axis ticks refer to the
histograms. Contributions from putative planets located in gaps (blue) and in cavities (pink) are shown separately.

estimates for putative planets in the inner gap of MWC 758
and in the cavities of HD 135344 B and LkCa 15. Additionally,
unconstrained estimates are removed from Table 1 and marked
in red in Appendix D. They mainly occur for substructures at
small radial distances from the host star. In the rest of the
Letter, following the approach already mentioned in Section 3,
unconstrained estimates and those with CS < 0.6 are removed
from our presentation and discussion of aggregated results,
while they are marked as uncertain in plots that distinguish
individual estimates.

Figure 1 shows the distributions of the four inferred
properties for the full sample, excluding uncertain estimates.
No noteworthy trends are evident in the distributions of 4 and
St. The inferred a-viscosity distribution presents two peaks at
the two ends of the DBNets2.0 prior (see Appendix A.3), with
a higher number of sources showing evidence of low viscosity,
in line with the results found on the larger sample analyzed
in R25 and with several literature studies (e.g., K. M. Flaherty
et al. 2015; R. Teague et al. 2016; S. Zhang et al. 2018;
G. P. Rosotti 2023). Among the three systems with high
viscosity estimates is the noteworthy case of DM Tau, further
discussed in Section 4.2, where there is evidence of a high
level of turbulence (S. Guilloteau et al. 2012; K. Flaherty et al.
2020). We checked but did not observe any common
characteristics distinguishing the high- and low-viscosity
groups that could account for the observed bimodality.

In contrast to R25, where 83% of planets had masses below
1 My, in this case the distribution of planet masses extends
significantly to higher values. This result may reflect the
exoALMA target-selection strategy, which favored the most
massive disks, arguably more likely to host massive obser-
vable companions. The three-peak distribution is due to the
combination of the low number and high precision of our mass
estimates. Cavities are found to suggest the presence of more
massive companions (=1 My,,) while no clear distinction is
observed for the other disk properties. It should be noted that
for cavities, after removal of those unconstrained or uncertain,
only two estimates are shown for each property, although they
do not all correspond to the same two putative planets. The
details of which estimates are shown, with precise values, can
be found in Table 1.

4.1. Planet Masses

For most of the analyzed dust substructures, previous works
suggested the presence of possibly embedded planets as
reviewed in Appendix B. Many of these studies put constraints

on the masses of proposed planets using several approaches.
Figure 2 presents a comparison of our planet-mass estimates
with the literature.

Nondetections in HCI and SAM observations are translated
into upper limits on the planet masses. These are computed
assuming different models for the planet emission and
therefore depend on them and on the underlying assumptions
(M. Willson et al. 2016; M. Reggiani et al. 2018; T. Currie
et al. 2019; T. Uyama et al. 2020; R. Asensio-Torres et al.
2021; J. de Boer et al. 2021; T. Stolker et al. 2024;
N. L. Wallack et al. 2024; F. Maio et al. 2025). We report in
Figure 2 the most constraining upper limits estimated
assuming the warmer planet models, which would thus predict
higher fluxes. We do not report the less constraining limits as
those would, in all cases, be well above the upper end of our
planet-mass prior (1072 M,). We found our estimates to be
mostly consistent with these constraints, with the only two
exceptions of J1604 and LkCa 15, for which we estimate
higher planet masses. However, results might be reconciled
with colder models for the planet’s emission (C. Mordasini
et al. 2012) or extinction from the disk material (e.g., F. Ala-
rcén et al. 2024). In the case of LkCa 15 specifically, literature
studies observed significant gas emission within the cavity and
argued this would be best explained by collective interaction
with multiple planets (M. Leemker et al. 2022; C. H. Gardner
et al. 2025), a situation that would be outside DBNets2.0’s
scope, as it was trained on examples of planet—disk interaction
with only one planet.

For HD 135344 B and MWC 758, tentative detections of
point-source-like emission allowed F. Maio et al. (2025) and
M. Reggiani et al. (2018) to also put lower limits on the planet
masses. Nevertheless, as stated in F. Maio et al. (2025), the
presence of a circumplanetary disk (CPD) around the putative
planet might loosen these constraints. Interestingly, the three
mass estimates for the putative planets in LkCa 15 (for
R, = 42 au), HD 135344 B, and MWC 758 have a CS lower
than the advised rejection threshold. Furthermore, all these
cases, including J1604, are cavities, and thus the DBNets2.0
estimates can vary depending on the assumed planet position.
This issue is discussed in detail in Section 5.2, illustrated with
the case of J1604.

Planet masses estimated using empirical relations (e.g.,
R. Dong & J. Fung 2017) with gap widths and depths and fine-
tuned numerical simulations tend to agree, within the
uncertainties, with DBNets2.0 results. Although J1604 and
the cavity of LkCa 15 still represent notable exceptions.
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Figure 2. Overview of all inferred posterior distributions for the mass of the proposed planets (gray and red violins) and comparison with constraints provided in
previous studies. The continuous error bars mark the 16th, 50th, and 84th percentiles of the respective distribution, while the dashed lines go from the 2.5th to the
97.5th percentiles. Red violins mark uncertain estimates. Right and left facing arrows mark, respectively, lower and upper limits, while crosses indicate estimates.
Different colors are used to distinguish between the methods used to provide these constraints: high-contrast imaging (HCI); sparse aperture masking (SAM);
empirical relationships with gap width and depth (“formula”); numerical modeling of dust observations (“simulations”); estimates from localized kinematic
perturbations in channel maps, tracing the planet wake (“kinematics (wake)”); and estimates from gas pressure dips observed through rotation curves (“kinematics
(rotation curves)”). Full references can be found throughout Section 4.1 and Appendix B.

Across our sample of proposed planet locations, only two of

them match that of a

disks’ channel maps, discussed in C. Pinte et al. (2025) for
AA Tau, and in C. Pinte et al. (2020) for HD 143006. All other

kinematic perturbations

proposed kinematic signature in the

proposed by C. Pinte et al. (2025) as

planet signatures are located outside the extent of the observed
continuum. In the case of HD 143006, only a lower limit on
the planet’s mass was provided by C. Pinte et al. (2020), based
on the observability of the target planet. This is consistent with
our mass estimate. In the case of AA Tau, through a
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Figure 3. Inferred planet masses as a function of the putative planet’s radial location. Blue points and histogram bins mark DBNets2.0 planet-mass estimates for the
exoALMA sample presented in this Letter. Respective disk names and assumed planet locations are listed in descending order according to the inferred planet mass.
Asterisks mark uncertain or unconstrained estimates. Orange points and histogram’s bins mark DBNets2.0 estimates for the larger sample of substructured disks
considered in R25. Black points mark all confirmed exoplanets; data are from exoplanet.eu/home/.

comparison with synthetic data, the authors provided a planet-
mass estimate, which is significantly overestimated relative to
our value. Interestingly, this seems common for mass estimates
from kinematic signatures as discussed, for example, in
C. Pinte et al. (2020) and V. Elbakyan et al. (2022). With
the two exceptions of HD 34282 and J1604, for which
previous caveats apply, we observe the same systematic
overestimation as the J. Stadler et al. (2023, 2025) estimates.
These works provided the masses of planets potentially driving
observed perturbations in the gas azimuthal velocity (rotation
curves) interpreted as gas pressure dips. The planet masses
were inferred using the empirical relation proposed by
H. Gyeol Yun et al. (2019), which links planet mass to the
radial width of the perturbed region. This relation was shown
to exhibit weak dependence on the disk « viscosity.

Figure 3 shows the masses of the proposed planets inferred
using DBNets2.0 as a function of their putative location. It is
remarkable how proposed planets in dust substructures
populate a region of this parameter space that was otherwise
inaccessible with standard exoplanet detection techniques, and
suggests the possibility of different planetary system archi-
tectures. On the other hand, this planet population would also
be significantly younger, raising the question of how it would
evolve with time. Furthermore, looking at individual sources in
this plot is particularly relevant for selecting suitable targets
for direct imaging of the planet’s thermal emission, which is
easier to observe in the case of massive planets far from the
host star. According to these criteria, our analysis suggests
HD 34282 and J1604 as the most promising candidates. This
remains true even including the substructured disks analyzed
in R25. We should note, though, that this result refers to
putative planets in the specific locations indicated in Table 1
and informed by previous studies. As discussed in Section 5.2,
these results could change if the planet orbits were different. In
the right panel of the same figure we show that proposed
planets in the substructures of the exoALMA disk sample are

typically more massive than those emerging from the larger
sample of dust substructures analyzed in R25.

4.2. Turbulent Viscosity

As mentioned in Section 4, the distribution of « viscosity
for the entire sample is skewed toward the lower end of the
DBNets2.0 prior. DM Tau is one of the few cases for which
there are robust measures of line broadening interpreted as a
high level of turbulence (S. Guilloteau et al. 2012; K. Flaherty
et al. 2020) corresponding to = 0.08 £ 0.02. Similarly,
C. Hardiman et al. (2026) performed a full radiative transfer
modeling of '2CO J = 3-2 and CS J = 7-6 finding that data are
best fit by nonthermal line broadening corresponding to
a = 0.16709). Tt must be noted that our training of DBNets2.0
with synthetic data with «v values up to 102 effectively sets a
prior on the returned estimates, preventing the inference of
higher values. Nevertheless, the DBNets2.0 fit of dust
substructures in this disk yields a picture consistent with that
in the presented literature.

For the gap at 14 au « is not constrained by our analysis,
probably due to low spatial resolution, as the obtained
posterior extends over the entire support of the prior. The
analysis of the gap at 72au instead returns an estimate
a = 55730 x 1073, skewed toward higher values than the
other disks. Although this is not directly compatible with the
mentioned literature estimates, several caveats apply. First, as
already mentioned, the DBNets2.0 priors are too constraining
in this case; second, line-broadening measures refer to the
localized regions where the molecular emission is detected,
which are both at larger radii and well above the midplane,
whereas our estimate is sensitive to the turbulence near the
midplane at the substructure radial location. The modeling
indeed indicates that, depending on the mechanism, velocity
perturbations could increase with height (see, e.g., J. B. Simon
et al. 2015, for turbulence driven by magneto-rotational
instability).
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Figure 4. Comparison between the aspect-ratio estimates obtained with DBNets2.0
and the temperature-profile measurements reported by M. Galloway-Sprietsma
et al. (2025). For this comparison, the midplane temperatures are converted into
disk aspect ratios under the assumptions of vertical hydrostatic equilibrium and a
vertically isothermal structure, consistent with the physical model used to train
DBNets2.0. Faded points indicate sources with unreliable or unconstrained
estimates. The red dashed line denotes perfect agreement between the two
methods. The gray background marks parameter values that fall outside of
DBNets2.0’s scope.

4.3. Aspect Ratios and Stokes Numbers

Via line profile analysis of exoALMA observations,
M. Galloway-Sprietsma et al. (2025) located the emission
surfaces of observed emission lines, deriving the thermal
structures of some exoALMA disks. These temperatures,
extrapolated to the disks’ midplanes, can be compared to
our estimates of the disks’ aspect ratios by converting them
under the assumption of vertical hydrostatic equilibrium.
Figure 4 presents this comparison done by using the
M. Galloway-Sprietsma et al. (2025) estimates of the midplane
temperature profile to compute the expected aspect ratio at the
putative planet locations where the DBNets2.0 estimates are
given. We observe no correlation between the two estimates,
although M. Galloway-Sprietsma et al. (2025) typically found
higher temperatures. The same was observed and discussed in
M. Galloway-Sprietsma et al. (2025) comparing their temper-
ature estimates with those derived from the disks’ scale heights
and simulations, suggesting the need for an improved
temperature-profile prescription. Although in some cases the
M. Galloway-Sprietsma et al. (2025) temperatures imply disk
aspect ratios higher than those in DBNets’ prior, we note (see
Figure 1) that our estimates do not saturate toward the prior’s
upper limit.

Regarding Stokes number estimates, we highlight the case
of LkCa 15. For this disk, A. Sierra et al. (2025) performed a
multiwavelength analysis of the observed rings, deriving,
through a comparison with dust trapping models, a plausible
range of dust Stokes numbers for each of the three rings at
42, 69, and 101 au. However, these also depend on the
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Figure 5. Comparison, for the overlapping objects, of DBNets2.0 estimates
derived in R25 on archival data (green violins) with those obtained in this
work on the exoALMA observations (black violins). On the right, in green, the
band of the continuum observation used in R25 is shown. Near each disk name
we report the assumed planet locations, respectively in R25 and in this work.
Violin plots of estimates corresponding to CSs below the acceptance threshold
in either work are hatched.

chosen model for the opacity. With DBNets2.0, we were only
able to constrain St close to the gap at 86 au. In this case,
we estimate logSt = —1.45"'12. This is in line with A. Sierra
et al. (2025)’s estimates for the two outer rings,
—1.17 < logSt < 0.36, which assume DSHARP opacities
(T. Birnstiel et al. 2018). Using the L. Ricci et al. (2010) opacities
instead yielded the wider range —2.46 < logSt < 0.81, which
covers almost entirely the DBNets2.0 prior (see Appendix A.3).

5. Discussion

5.1. Comparison with DBNets2.0 Estimates in A. Ruzza et al.
(2025)

In Figure 5 we compare, for the overlapping sample, the
DBNets2.0-inferred planet masses for the exoALMA Band 7
(A = 0.8-1.1 mm) data with those presented in R25 for the
same objects but obtained from the analysis of different
observations, in most cases taken at different wavelengths
(Band 6: A = 1.1-1.4mm and Band 3: A = 2.6-3.6 mm).
Interestingly, the estimates are compatible within the uncer-
tainties, proving little dependence of these results on the band
of the observations. We separately highlight the case of
MWC 758 for which we are comparing the analysis of
observations at the same wavelength but with different
resolutions. Specifically, the observation used in R25 is better
resolved by a factor of 2, which translates to a compatible but
more precise estimate than that obtained on the exoALMA
data. The same is also observed across different wavelengths
for the case of HD 143006, for which the observation used
in R25 is resolved approximately 2.7 times better.

This general agreement is also observed for the other
inferred properties, as shown in Figure 14 of Appendix E. The
largest difference emerges for the inferred « viscosity in
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DM Tau, for which the DBNets2.0 analysis of a longer-
wavelength (Band 3) observation results in a lower value by
more than 1 order of magnitude. Roughly speaking, a
continuum observation mainly traces dust grains of size
a = A\/2w, where ) is the observed wavelength. Therefore,
since St « a, a change A)/) should correspond to the same
relative change ASt in the Stokes number of the observed dust
grains. This relative difference is ~30% for Bands 6 and 7 and
~60% for Bands 7 and 3. R25 demonstrated that DBNets2.0
typically achieves a 10% precision on the Stokes number
estimates and thus should be sensitive to a change in
observational wavelength. This, however, is not observed in
practice, probably because the effect of St on the ring and gap
morphology is degenerate with o. We already noted this
in R25, where we interpreted it as indicating that the inference
is primarily driven by morphological features associated with
dust trapping and diffusion (e.g., ring prominence). Hence,
DBNets2.0 may be interpreting the differences in dust
substructures as due instead to a different o viscosity, which
indeed varies the most when comparing Band 3 and 7
observations. Furthermore, the fact that DBNets2.0 was
trained on synthetic observations generated at Band 6
wavelengths might play a role. From this analysis, we
conclude that we should not fully trust the DBNets2.0
estimates on « and St when those are inferred using
observations at wavelengths significantly different than those
of Band 6. Our tests instead show that using Band 7
observations yields compatible results within the given
uncertainties.

5.2. Dependence of DBNets2.0 Estimates on the Assumed
Planet Location

We explained in Section 2 that the radial location of the
planets proposed in disk substructures must be provided as one
of DBNets2.0’s inputs. This is needed to rescale the
observation and match the physical scale of the training
dataset.

The inference results can easily change with different
assumptions on the planet location as a natural consequence of
the change, after rescaling, of the measures of the substruc-
tures’ morphological features, such as gap and ring widths, as
well as their distance to the planet. This ambiguity is not
particularly relevant for the analysis of gaps, as the alleged
planet location can be easily constrained, for example, by
assuming the intensity minimum in the azimuthally averaged
radial profile. For cavities, instead, the situation is more
delicate as there is often no indication of plausible planet
locations and the range of possible positions is typically wide.
Figure 6 illustrates this degeneracy for the inferred planet-mass
estimates in the specific case of the J1604 cavity terminating
with a bright ring at 80 au. As expected, the inferred planet
mass decreases as the assumed planet location approaches
the ring.

The same is expected for all other planets assumed within
disk cavities. For this reason, in those cases, we only included
in our sample planet the locations previously suggested by
independent methods and observations. We present plots
similar to Figure 6 for the other inferred disk properties in
Appendix C along with the same analysis performed for all the
cavities in our sample. We define the cavity radius identifying
Reage as the peak of the ring outside the cavity. In general, the
estimated planet mass appears independent of the assumed
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Figure 6. Degeneracy of the DBNets2.0 planet-mass estimate with the
assumed planet radial location in the cavity of the J1604 disk. The overlaid
orange lines mark the 16th, 50th, and 84th percentiles of the inferred
distribution. The vertical blue line marks the location of the putative planet
assumed in this study. The vertical green dashed line indicates Reqqe/2, Where
Reqge is the radial location of the peak of the ring outside the cavity.

radial location as long as it lies within one-half of the cavity
radius (green dashed line in Figures 10 and 11 in Appendix C),
while it decreases progressively as the planet approaches the
outside ring. As shown in the same figure, estimates for the
other disk properties are also affected by the choice of the
planet position, although their dependence on it is less
intuitive.

5.3. Accretion Timescales

Assuming a self-similar density profile, C. Longarini et al.
(2025) modeled the rotation curves of a subsample of
exoALMA targets, fitting the stellar mass, disk mass, and
scale radius with the method introduced in G. Lodato et al.
(2022). The same analysis was also performed on the MAPS
(K. 1. Oberg et al. 2021) disks sample in P. Martire et al.
(2024). Combining these results with literature measures of the
stars’ accretion rates, C. Longarini et al. (2025) constrained the
disk accretion timescales, assuming the self-similar solution to
the disk evolution, as (L. Hartmann et al. 2016)

oM
(tacc/tdyn) ah 3 My 0. s (1)

where t4yn, = Q' and Q. is the Keplerian velocity at the disk
scale radius. This relation captures the global accretion flow
and, as cautioned by C. Longarini et al. (2025), the derived «
(or ahz) must be interpreted as an estimate of the disk
accretion regardless of the mechanism that drives it.
Conversely, with DBNets2.0, we can provide local estimates
of ah? obtained by modeling substructures due to planet—disk
interaction, whose formation and morphology are sensitive to
the value of the viscosity (or turbulence).

In the scatterplots of Figure 7 we compare the estimates of

the two methods for the exoALMA disks for which dynamical
masses have been measured (C. Longarini et al. 2025). We
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Figure 7. Comparison of DBNets2.0’s local estimates of viscous-accretion timescales with the global accretion rates derived from measurements of star accretion
(J.-F. Donati et al. 2011; J. R. Fairlamb et al. 2015; C. F. Manara et al. 2023) and disk masses (P. Martire et al. 2024; C. Longarini et al. 2025). The left panel presents
the comparison for all Herbig stars in the sample, while the right panel refers to T Tauri stars. Faded points mark unreliable or unconstrained estimates of ah? or
Mgiq. The dashed black lines mark the equality between the quantities on the two axes.

combine in the same plot the same estimates for MAPS disks,
obtained using P. Martire et al. (2024)’s disk dynamical
masses and R25’s DBNets2.0 estimates for o and h. The left
panel presents these results for Herbig stars in the considered
sample, while T Tauri stars are shown in the right panel.
Interestingly, we observe that for all Herbig stars in our
sample, our measure of the disk timescale for viscous transport
cannot explain the observed accretion rate, suggesting that
additional accretion mechanisms should be invoked to
reproduce the observed timescales. The results obtained for
T Tauri stars present instead a larger scatter, although in most
cases the two estimates are roughly consistent, implying that
the magnitude of viscous transport inferred from planet—disk
interaction signatures could alone explain the measured
accretion rates. Note that we marked with fading colors all
points for which one of the two estimates is considered
uncertain or unconstrained. DBNets2.0’s overestimation of
ah? for some disks may be due to their substructured nature,
which would alleviate the validity of the self-similar hypoth-
esis and, therefore, of Equation (1). Indeed, some studies
suggested that the presence of planets could reduce mass
accretion into the host star (e.g., W. A. Miiller Tobias &
W. Kley 2013; C. F. Manara et al. 2019; C. Bergez-Casalou
et al. 2020).

5.4. Kanagawa Coefficients and Stalling Radius

The effects and physics of planet—disk interaction and their
dependence on the system’s properties are often summarized
into two parameters K and K’ defined as

*

2
K= (%) a~ s, 3)

*

2
K = (%) a3, 2)

For example, K. D. Kanagawa et al. (2015) have found that the
depths of the gas gaps carved by planets scale approximately
as 1/(1 4+ 0.04K), while K. D. Kanagawa et al. (2016) showed
that the gap width scales as Ay, o K''/4 In Figure 8 we
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Figure 8. The K’ (upper panel) and K (lower panel) coefficients, defined in
Equations (2) and (3), respectively, derived for all analyzed disks from
DBNets2.0 estimates. The horizontal dashed lines mark the threshold values of
K’ =120 and K = 1.5 - 10* for the expected direction of planet migration.
Faded points indicate sources with unreliable or unconstrained estimates.

show the K and K’ computed for each proposed planet using
DBNets2.0’s estimates of the disk and planet properties.

An interesting application of these parameters regards the
phenomenon of planet migration, for which numerical
modeling (A. M. Dempsey et al. 2021; C. E. Scardoni et al.
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2022) has shown K and K’ values to control its direction
(inward or outward). Specifically, as their values increase, at
the thresholds K = 1.5 - 10* and K’ = 20, the planet would
switch from inward to outward migration. The values shown in
Figure 8 indicate that, excluding points with unconstrained or
uncertain estimates and independently of assuming migration
to be determined by K or K’, most of our planets would fall
into the inward migrating case, with only three objects
migrating outwards.

Typically, as the disk aspect ratio is expected to increase
further from the star, both K and K’ would decrease at
increasing radii, thus an initially outward migrating planet
would at some point switch to inward migration. Following
this reasoning C. E. Scardoni et al. (2022) proposed the
existence of a stalling radius, which would correspond to the
locations where K and K’ equal the threshold values
controlling the migration sign. The high scatter in the K and
K’ inferred values indicates that we do not observe an
accumulation of planets in proximity of the expected stalling
radii.

It is important to note that the model used to analyze dust
substructures, implicitly defined by the simulations used to
train the DBNets2.0 algorithm, does not include planet
migration, as planets are held on a fixed orbit. Therefore, the
effects of this phenomenon on the dust morphology (F. Meru
et al. 2019; P. Nazari et al. 2019) are not considered.

5.5. Configurations of Proposed Multiple Systems

For six disks in the sample, we propose the presence of two
planets. We thus question first whether the proposed planet
locations correspond to specific resonances and, second, the
stability of these three-body systems. We check the Ilatter
according to the Hill criterion proposed by B. Gladman et al.
(1993), which poses a threshold on the mutual distance of the
two planets d in terms of their mutual Hill radius
Ry = [(m + my)/3M,1'/3[(a; + a,)/2). This is required to
be greater than 2./3 for the system to be stable. Results are
presented in Figure 9 where, for each one of the six proposed
multiple systems, the x-axis indicates the mutual distance of
the two planets over their mutual Hill radius d/Ry while the
y-axis is the ratio between their Keplerian velocities. According
to this analysis, all these systems would be dynamically stable
and are not close enough to lie in the lower-order mean-motion
resonances (MMRs; such as 3:2 or 2:1).

5.6. Correlations with Other Disk Properties

We explored any possible relation between DBNets2.0’s
best estimates for «, h, St, and M, and disk properties
measured from the exoALMA data. Specifically, we consid-
ered the disk gas-to-dust mass ratios, nonaxisymmetry index
(NAI) quantifying the axisymmetry of continuum observa-
tions, the disk dynamical masses, the disk dust masses, and the
host star masses (P. Curone et al. 2025; A. F. Izquierdo et al.
2025; C. Longarini et al. 2025). We do not observe any
statistically significant correlation, with the sole exception of
the pair stellar mass—aspect ratio, which is detailed in the right
panel of Figure 15 in Appendix F. This likely arises because
more massive stars have higher luminosity, and thus their
stronger irradiation is reflected in the disk temperature. Details
and results of this analysis are presented in Appendix F.
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Figure 9. Disks where we assumed two fiducial planet locations. The x-axis
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According to their criterion, the orbits of planets whose mutual distance is
lower are unstable. The y-axis indicates the ratio between the keplerian angular
velocities at the two planet locations. Ticks on the y-axis indicate MMRs.

6. Conclusion

In this Letter, we examine the dust substructures revealed by
exoALMA continuum observations, interpreting them as
signatures of planet—disk interaction to characterize the
properties of possible embedded planets and their host disks.
For this purpose, we employed the SBI pipeline DBNets2.0
(R25), which exploits deep learning methods to quickly and
accurately perform a statistical inference of the disk «
viscosity, scale height, dust Stokes number, and planet mass.
The inference of full posterior distributions allowed for proper
uncertainty quantification, and the application of two criteria
made it possible to flag and separate uncertain estimates,
ensuring the robustness of the overall results.

Carefully inspecting each observation and reviewing pre-
vious studies we propose a population of 19 planets possibly
embedded in 13 of the 15 disks targeted by the exoALMA
program. After applying DBNets2.0 to each one of these
putative planets we discuss the results, their comparison with
previous works, and their implications. The main outcomes of
this study are the following.

1. We identify dust substructures in the exoALMA disk
sample that might most promisingly host young planets.
We provide mass estimates for these putative planets and
discuss them in the context of the current literature. Most
of our estimates are consistent with upper limits set by
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high-contrast imaging and estimates from simulations or
empirical formulae. Putative planets in the cavities of
J1604 and LkCa 15 are expected to be more massive than
what constrained by previous estimates. However, the
estimate for LkCa 15 is associated with a low confidence
score and, in both cases, these estimates depend on the
assumed planet location. Specifically, a lower mass
would be consistent with the planet being further from
the star.

2. Due to their separation from the host star and inferred
high mass, we find the proposed planets in HD 34282
and J1604 to be the most suitable for attempting direct
imaging observations.

3. Most of the proposed planets are super-Jovian, likely due
to sample selection bias.

4. Cavities require larger planet masses than gaps.

5. Interpreting the observed substructures as due to planet—
disk interaction, we provide estimates of three disk
properties: « viscosity, disk scale height, and dust Stokes
number. For DM Tau our analysis interestingly suggests
a high value of the « viscosity, in agreement with
constraints from line-broadening measures (S. Guilloteau
et al. 2012; K. Flaherty et al. 2020).

6. Derived estimates of the disks’ viscous timescales (ch?)
are too long to explain the measured accretion rates of
Herbig stars, while they present a trend consistent with
most measures of accretion rates and disk masses in
T Tauri stars.

7. Derived parameters controlling the migration direction
indicate the regime of inward migration to be more
frequent, although three putative planets would undergo
outward migration.

8. We find a statistically significant correlation between the
stellar masses and inferred disks’ aspect ratios (Pearson
correlation coefficient of 0.60). We do not observe any
other correlation of the inferred quantities with other disk
properties.

In addition to these results, the analysis demonstrates the
effectiveness of SBI tools, and in particular DBNets2.0, for
performing quick and systematic studies of large observational
surveys. Homogeneous samples of disk and planet properties,
affected by the same model, observational assumptions, and
systematics, can help address fundamental questions of planet
formation and evolution, as demonstrated in this work. While
not all dust substructures may originate from planet—disk
interactions, if a substantial fraction do, then systematic
analyses of large samples can still provide meaningful insights
into the population-level properties of young planets, espe-
cially when combined with complementary observations and
methods. Single results can additionally explain the outcomes
of direct imaging surveys and lead future observations toward
the most promising candidates.
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Appendix A
Details of DBNets2.0 and Underlying Assumptions

As specified in Section 2, DBNets2.0, as any other SBI
model, is ultimately fitting the input data with a model that is
defined by its training dataset. This consists of synthetic
protoplanetary disk observations of the dust continuum
emission with planet-induced substructures. To generate these
synthetic observations, we first ran hydrodynamical simula-
tions and then postprocessed their results. In this appendix, we
provide details on this procedure and on additional aspects of
DBNets2.0. We highlight the main underlying assumptions
and briefly discuss their implications for interpreting the
results. Further details can be found in R25.
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A.l. Details on the Hydrodynamical Simulations

Hydrodynamical simulations are run with the mesh code
FARGO3D (P. Benitez-Llambay & F. S. Masset 2016; see
J. Bae et al. 2025, for a systematic comparison between
hydrodynamical codes). One, nonaccreting planet is embedded
in the disk and maintained on a fixed orbit. We adopt a locally
isothermal equation of state with a set temperature profile. The
disk evolves viscously with viscosity parameterized through
the N. I. Shakura & R. A. Sunyaev (1973) prescription with
constant «v across the entire simulation domain; this effective
viscosity is used to model the effects of turbulence. Dust is
modeled as a pressureless fluid subject to diffusion, with
Schmidt number Sc=1, and gas drag with fixed Stokes
number across the entire simulation domain. Back reaction of
the dust on the gas is neglected.

A.2. Radiative Transfer and Additional Postprocessing of
Synthetic Observations

Using the simulated disks’ dust density (2,) and temper-
ature (7,), synthetic observations are generated by computing
the surface brightness as 7, = T;(1 — e">¢), which is the
radiative transfer solution for a vertically homogenous (in
temperature and dust properties), face-on disk. The opacity (k)
is computed using the T. Birnstiel et al. (2018) model. We note
that other machine learning—based methods (e.g., S. Shafaat
Mahmud et al. 2026) exist that rely on radiative transfer
calculations. In our setup (based on 2D simulations with a
prescribed temperature structure and a single-sized dust grain
population) the primary advantage of radiative transfer
methods is their ability to properly account for disk inclination,
which causes photons to traverse longer paths spanning a
range of disk radii. We expect this effect to introduce
significant differences only for highly inclined disks, which
is not the case for the sample considered here. During training,
Gaussian noise with random variance is added, and the images
are convolved with Gaussian beams of varying sizes to ensure
that the results are robust to these observational effects.

A.3. Training Set Parameter Space: Effectively Setting the
Inference Priors

The training set covers the parameter space region where
107°<a<107? 003<h<01, 107°<St<107', and
1073 gMp/M*g 1072, This effectively sets uniform priors
for each of these inferred properties in the respective range of
values. Two additional parameters, o and (3, are varied, within
our training dataset. These are the slopes of the power laws
that set the initial radial profile of, respectively, the disk
surface density and aspect ratio. The value of 3 is uniformly
sampled in the range 0 < < 0.35 while o is set to match the
steady state solution as o = 23 + 1/2, therefore spanning the
range 0.5 <o <1.2. DBNets2.0’s inferred posteriors are
marginalized with these priors over these parameters.

A.4. Definition of the Confidence Score

The CS, introduced in Section 2, given observation x and
DBNets2.0 estimate p(6]x), is computed as follows: (1) we
sample 10 6; from p(f]x), (2) we linearly interpolate the
synthetic images in the training dataset at all 6;, (3) we remap
the interpolated images b; and the input image x to polar
coordinates, (4) we compute the fast Fourier transform of the
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remapped b; and x, (5) we compute CS as
_ 32
Cs—1 - Ly (F@I—IFG)D? AD
1077 (IF () ° + [F b))

A.5. Deprojection and Preprocessing of Input Observations

Observations need to be deprojected before being input into
DBNets2.0. We do that by linearly interpolating the observation
and using the geometrical properties fitted by P. Curone et al.
(2025). In A. Ruzza et al. (2024) we proved, for synthetic data, that
the results remain unaffected by deprojection effects up to a disk
inclination of 60°. The result should also hold for R25, as both
build on the same CNN to process the data. All disks in the
exoALMA sample satisfy this criterion. We note that the CS is
computed using the input image after deprojection. Therefore,
possible artifacts introduced by the deprojection could, in principle,
lead to a reduction in CS, although this has not been tested.

Input observations are also standardized by subtracting the
mean value of their pixels and dividing by their standard
deviation (see R25).

A.6. Treatment of Multiple Substructures

For the analysis of disks with multiple substructures, we
separately consider each gap as a viable planet location and
independently fit our single-planet model. Each DBNets2.0
output considers, in principle, the entire observed morphology
within 0.3R,, and 4R,,, corresponding to the portion of the disk
provided as input. The parameter R, representing the putative
planet’s radial location, is required as an additional input to
rescale the observation to the training convention (R, = 1),
thereby ensuring consistency between the input image and the
data used to train the model. No additional preprocessing or
masking of secondary gaps is performed.

The more conservative approach would thus be to consider
each result as an independent scenario where the disk has only
one embedded planet at the specified location, producing all
substructures within this disk region. However, although a
systematic test is still pending, we can reasonably assume that
the inferred posteriors are mainly informed by the closest
substructures to the planet location, as was demonstrated with
a similar CNN model by S. Zhang et al. (2022). If this were
true, our estimates would still be valid for a system with
multiple planets, given that the effect of their mutual
interaction on the disk morphology can be neglected. We only
use this assumption in Figure 9 to speculate about the
configuration of these potentially multiple systems. We also
note that S. Shafaat Mahmud et al. (2026) developed an
autoencoder-based pipeline (called VADER) to estimate planet
masses from dust substructures in protoplanetary disks, trained
on synthetic observations containing up to three planets. In
their study, they compared the mean planet-mass predictions
from VADER and DBNets (A. Ruzza et al. 2024) for
multiplanet and single-planet systems and found no statisti-
cally significant difference between the two groups.

Appendix B
Details of Sample Selection and Relevant Literature

In the following we discuss, for each source, our choices for
the proposed planet locations reviewing the continuum radial
profiles published in P. Curone et al. (2025) and relevant
literature.
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B.1. AA Tau

This disk exhibits three pairs of gaps and rings in the
frank radial profile, along with one fainter outer pair. Both
R. A. Loomis et al. (2017) and P. Curone et al. (2025) present
evidence suggesting a misalignment of the inner disk. We
propose D11 (11 au) as the first location for a putative planet.
The two gap-ring pairs D64-B72 and D80-B90 correspond to
only one gap in the CLEAN data. Notably, C. Pinte et al.
(2025) proposed a kink detection at this location (B72),
although with a low (~5) signal-to-noise ratio. Other studies,
such as S. Wang et al. (2021), have considered this
substructure as a unique planet-hosting gap. Therefore, we
assume 72 au, coincident with the ring in the frank profile, as
our fiducial location for a second putative planet. The outer
gap-ring substructure is too faint for our analysis.

B.2. CQ Tau

This disk presents a cavity-like morphology and spiral-like
nonaxisymmetric features consistent with the prominent
spirals observed in SPHERE scattered-light images by
I. Hammond et al. (2022). An inner companion is proposed
as responsible for inducing such spirals. P. Curone et al. (2025)
also revealed a faint inner disk. M. G. Ubeira Gabellini et al.
(2019) modeled this disk with hydrodynamical and radiative
transfer simulations finding that a planet with a minimum mass
of 6 to 9My,, located at 20au from the star, could
qualitatively reproduce the observed dust morphology. We
assume 20 au as our proposed location for a putative planet.

B.3. DM Tau

This disk presents an inner gap at 14 au, which we propose
as the first location for a putative planet. M. Willson et al.
(2016) found a potential point source at ~6 au through sparse
aperture masking interferometry, consistent with a planet of
roughly 10 My,,. Two pairs of gap-ring substructures further
from the central star are also observed. We assume these to be
due to a single planet at 72 au, consistent with other studies
(T. Uyama et al. 2017; S. Wang et al. 2021; L. Francis et al.
2022). K. Flaherty et al. (2020)’s line-broadening measures
yielded results compatible with high levels of turbulence.

B.4. HD 135344 B

This disk exhibits a central cavity ending with a bright ring
at 51 au, which might be eccentric. A second ring with a
prominent azimuthal asymmetry is located at 78 au. The
asymmetry can be explained with a vortex that might alone
explain the disk morphology (P. Cazzoletti et al. 2018). IR
observations reveal a prominent spiral structure (e.g., T. Muto
et al. 2012; A. Garufi et al. 2013; T. Stolker et al. 2016). We
propose two putative planets. One inside the cavity at 28 au,
consistent with the location of the point-like feature observed
by F. Maio et al. (2025). The second planet is proposed inside
the gap at 66au. B. Veronesi et al. (2019)’s numerical
modeling of the spiral structure observed in scattered light
suggests that it may be due to two embedded planets.
Additionally, the observation of a change in the pitch angle
of the IR spiral and a filament in the continuum data, first
observed by S. Casassus et al. (2021) and confirmed by
P. Curone et al. (2025), further supports the presence of the
outer companion.
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B.5. HD 143006

This is a well-studied source also present in the DSHARP
(S. M. Andrews et al. 2018) survey. The continuum
observations show two gaps located at 22 and 52 au, which
we assume as possible locations for embedded planets.
C. Pinte et al. (2020, 2025) claim the detection of a possible
planetary signature in the disk kinematics approximately at the
location of the inner gap. G. Ballabio et al. (2021) with
hydrodynamical simulations suggested a 3-10 M),, planet
located at 32 au within the dust gap observed in scattered light.

B.6. HD 34282

This disk presents a central cavity and several faint outer
gap-ring pairs, which are only clearly distinguishable in the
frank profile. J. de Boer et al. (2021) observed a single arm
spiral in IR, which would be better explained by a low-mass
planet inside its location. Outer gaps are too faint to apply
DBNets2.0, therefore, we only assume the presence of one
planet at 47 au corresponding to a shoulder in the depleted
inner cavity, as revealed by the frank radial intensity profile.

B.7. J1604

This source exhibits a large cavity depleted both in gas and
dust. A bright ring is located at 82 au. Kinematical analysis
provides evidence for a warp and reveal non-Keplerian
features, including a spiral-like structure with a small
(6°-14°) pitch angle (J. Stadler et al. 2023; C. Pinte et al.
2025). J. Stadler et al. (2023) found these features to be
consistent with a planet located at 42 au, which we thus also
assume as a tentative planet location. T. C. Yoshida et al.
(2025) modeled this disk’s surface density finding a drops by a
factor of ~2-2.5 at ~60au. Using K. D. Kanagawa et al.
(2015)’s formula and the measured gap depth they estimated a
putative planet mass between 0.1 and 2 My,

B.8. J1615

This disk presents three pairs of faint gaps and rings, two of
which are too faint to sustain a DBNets2.0 analysis. We
consider as a putative planet location the remaining gap at
83 au. C. Pinte et al. (2025) propose the detection of a planet
kinematical signature located outside the region of continuum
emission.

B.9. J1842

J1842 has an internal cavity with shadows that suggest the
presence of an unseen inner ring. There are no proposed
detections of planet signatures within this cavity that could
inform us on a plausible planet location, and DBNets2.0’s
results would be too dependent on the location choice. A gap
at 63 au is revealed by the frank fit but is too faint to yield
reliable results. C. Pinte et al. (2025) propose a planet at
r, = 105au, which is outside the region of continuum
emission. We thus remove this disk from our sample of
fiducial planets, but we still provide results for different planet
locations in Appendix C.

B.10. J1852

J1852 shows an internal cavity with a faint ring at 19 au,
which was previously proposed by M. Villenave et al. (2019).
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The location of maximum depletion within the cavity, i.e.,
31 au, is proposed as a possible planet location.

B.11. LkCa 15

This disk presents one cavity and one gap. Several studies
focused on this source exploring different scenarios for
planetary companions. We consider two fiducial planet
locations. The first would be at 42 au consistent with literature
claims and likely responsible for the B68 ring. The second
planet would be in the gap at 86au. F. Long et al. (2022)
claimed that the observed substructures, including asymmetric
features, are best reproduced with more than one planet.
M. Leemker et al. (2022) observationally constrained the gas
surface density across the cavity. They found evident gas
depletion inside 10 au, which they suggested might be due to a
Jovian planet, whereas they observed high gas density in the
dust-depleted region between 10 and 68 au, which was
interpreted as a result of a chain of low-mass planets.
C. H. Gardner et al. (2025) modeled both continuum and gas
observations using hydrodynamical and radiative transfer
simulations, enforcing M. Leemker et al. (2022)’s hypothesis
for the cavity and concluding that other plausible scenarios for
the entire morphology could be either other processes that do
not involve planets or three planets at 29, 51, and 80 au with
masses of 3-5My,,, 0.4 My, and 0.25 My, respectively.
C. Pinte et al. (2025) proposed detections of planet kinematic
signatures, which, however, lie outside of the continuum
emission region.

B.12. MWC 758

This disk presents a central cavity with a small inner disk
and strong asymmetries that have been attributed to the global
spiral structure clearly visible in scattered-light observations
(C. A. Grady et al. 2013; M. Benisty et al. 2015). The spiral
origin is disputed, but several studies argued for a planetary
perturber in the outer disk (B. Ren et al. 2018, 2020) with a
tentative detection through HCI by K. Wagner et al. (2019).
However, B. Ren et al. (2018) and J. Calcino et al. (2020)
suggested that an eccentric perturber inside the cavity would
also be possible. A point-like emission south of the star at a
deprojected separation of 20 au was detected by M. Reggiani
et al. (2018) who suggested a CPD around a low-mass
companion between 0.5 and 5Mj,, as the more likely
explanation. For this object, we use DBNets2.0 following the
second hypothesis and therefore assuming a planet inside the
cavity at 30 au at the location of the minimum in the frank-
fitted radial profile emission.

B.13. SY Cha

This is a transition disk with a dust morphology that
resembles that of PDS 70 while being less gas depleted in the
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inner cavity or gap. The presence of an inner disk with an
extension of a few astronomical units makes this a prototype
disk for the formation of a solar-system-like planetary system.
Both R. Orihara et al. (2023) and P. Curone et al. (2025)
reported observations of nonaxisymmetric features in the dust
continuum. We found no previous studies suggesting putative
planets inside the gap. For our analysis, we assume a planet
companion at a radial location of 33 au, corresponding to the
gap minimum.

B.14. V4046 Sgr

This is a tight binary whose disk exhibits two concentric
gaps with an inner disk that is off-center with respect to the
outer disk. This may be explained by a misalignment of the
inner binary, which could also account for the rest of the dust
substructures (H. Aly & G. Lodato 2020). However, the
planetary origin has also been explored. D. Ruiz-Rodriguez
et al. (2019) focused on the outer gap, checking its
morphology against a set of hydrodynamical (and radiative
transfer) simulations, concluding that the most likely explana-
tion would be a Jovian planet. P. Weber et al. (2022) also
considered an inner gap, successfully reproducing dust
substructures in simulations with two embedded planets of
3.7 My, and 0.9 My, at 9 and 20 au, respectively. Therefore,
for our analysis we consider two fiducial planets at 8 and
20 au. However, caution is advised in this case as, if both
planets were present, their small separation would more likely
result in the substructures’ morphology being affected by the
presence of the second companion, a situation that is outside
the scope of our tool.

Appendix C
Degeneracy with the Planet Location within Cavities

We illustrate in Figures 10 and 11 how DBNets2.0’s
estimates for the disk properties M,,, o, h, and St vary as the
planet is assumed in different positions inside the observed
substructures. The variation of the DBNets2.0 CS is also
reported in the same figures. Figure 10 presents the results of
this analysis for all disk cavities where we assumed the
presence of embedded planets. Figure 11 presents three
additional cases for which is worth performing this analysis,
namely J1852, MWC 758, and J1842. In the two former cases,
putative planets are located within large gaps with an inner
boundary defined, respectively, by a small inner disk and by a
faint ring. These peculiar morphologies make the putative
locations of embedded planets uncertain. The latter disk,
instead, presents an inner cavity but was excluded from our
sample due to the lack of other works or evidence suggesting a
possible planet location.
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Figure 10. Sensitivity of DBNets2.0-inferred disk properties to the assumed planet location for all cavities considered in this study. The black 2D histograms
represent the inferred distributions. The overlaid orange lines mark the 16th, 50th, and 84th percentiles of the inferred posterior distributions. The vertical blue lines
indicate the fiducial planet locations assumed in this work. The vertical green dashed lines mark Reqge/2, Where Reqge is the radial location of the cavity edge. The red

lines indicate the DBNets2.0 CS.
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Appendix D
All Individual Results

Figures 12 and 13 present singularly all the results of the
application of DBNets2.0 to the selected targets. Best
estimates with uncertainties are also listed in Table 1.
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Figure 12. First gallery of DBNets2.0 results for the considered sample, which continues in Figure 13. All disk images are shown after deprojection and rescaling.
Disk names, fiducial planet positions (R, marked with the white dashed circle), and CSs are reported in the panels’ titles. The violin plots represent DBNets2.0-
inferred posterior distributions for each disk and planet property; the continuous error bars inside the violins mark the 16th, 50th, and 84th percentiles, while the
dashed lines indicate the range between the 2.5th and 97.5th percentiles. Red violins indicate estimates that do not meet our acceptance criteria, namely CS > 0.6 and
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Figure 13. Second gallery of DBNets2.0 results for the considered sample, continued from Figure 12. All disk images are shown after deprojection and rescaling.
Disk names, fiducial planet positions (R,,, marked with the white dashed circle), and CSs are reported in the panels’ titles. The violin plots represent DBNets2.0-
inferred posterior distributions for each disk and planet property; the continuous error bars inside the violins mark the 16th, 50th, and 84th percentiles while the
dashed lines indicate the range between the 2.5th and 97.5th percentiles. Red violins indicate estimates that do not meet our acceptance criteria, namely CS > 0.6 and

both the 2.5th and 97.5th percentiles falling within the uniform prior of the respective property.

Appendix E Band 7 observations with those obtained using better resolved,
Comparison with Estimates in the DBNets2.0 Paper or shorter-wavelength observations, in R25. In Figure 14, we

We showed in Figure 5 a comparison between DBNets2.0
estimates for the planet masses obtained using exoALMA

18

complete this comparison showing the other estimated
properties, which we already discussed in Section 5.1.
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Figure 14. Comparison, for the overlapping objects, of DBNets2.0 estimates derived in R25 for archival data (green violins) with those obtained in this work for the
ex0ALMA observations (black violins). On the right, in green, the band of the continuum observation used in R25 is displayed. Near each disk name, we report the
assumed planet locations, respectively, in R25 and in this work. Violin plots of unconstrained or unreliable estimates are hatched.

Appendix F
Correlations with Other Disk Properties

We checked for correlations of the inferred disk and planet
properties with other disk characteristics measured in separate
studies, namely the disks’ gas-to-dust mass ratio, NAI, and
masses of the gas, dust, and host stars. To do that, we selected
pairs of properties and computed the Pearson correlation
coefficient (p), whose value indicates the strength and direction
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of a linear correlation (ranging from —1 to +1), and evaluated its
statistical significance through the corresponding p-value. The
latter indicates the probability of uncorrelated data to produce a
Pearson correlation at least as extreme as the one computed.
A p-value lower than 0.05 indicates statistically significant
evidence for a correlation between the two properties. For this
analysis, we remove all estimates that we considered either
unreliable or unconstrained. Figure 15 presents the results of this
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Figure 15. Left panel: analysis of correlations between the estimated disk and planet properties with other disk features. Namely, from top to bottom, the disk gas-to-
dust mass ratio (e; P. Curone et al. 2025), the disks’ NAI (P. Curone et al. 2025), the disk dynamical masses (C. Longarini et al. 2025), the disk dust masses
(P. Curone et al. 2025), and the star masses (A. F. Izquierdo et al. 2025). The color bar refers to the Pearson correlation coefficient p. These are also reported in the
plot for each combination of properties, together with the p-value corresponding to the null hypothesis of the two properties being independent and normally
distributed. Right panel: details of the only statistically significant correlation highlighted by the analysis of Pearson correlation coefficients. This is between the

inferred aspect ratios (/) and the host star masses.
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analysis. We find only one statistically significant correlation
between stellar mass and the inferred aspect ratio, which likely
arises because more massive stars are more luminous, and thus
their stronger irradiation heats the disk, increasing its aspect ratio.
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