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ABSTRACT

Context. High-resolution ALMA observations have revealed that substructures such as rings, gaps, spirals, and asymmetries are
common in protoplanetary disks. While rings and gaps are widespread across a broad range of stellar properties, asymmetries are
rarer and their origin remains poorly understood. Previous studies have suggested possible links between asymmetries and stellar
properties, but the results have been limited by sample size.

Aims. This work investigates the degree of asymmetry in protoplanetary disk substructure and its connection to stellar properties. The
goal is to test whether asymmetries correlate with stellar mass, stellar accretion rate, and near-infrared (NIR) excess.

Methods. We analyzed the continuum emission directly in visibility space, modeling each disk as axisymmetric. The best-fit profile
was subtracted from the data, and the resulting residuals were used to quantify the degree of asymmetry.

Results. We find positive correlations between Non-Axisymmetry Index (NAI) and stellar mass, stellar accretion rate, and near-
infrared (NIR) excess. The parameter space shows two conspicuous gaps: there are no symmetric high-mass or high-accretion disks,
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and no asymmetric low-mass or low-accretion disks.

Conclusions. Asymmetries are more common in disks around higher-mass stars and strongly accreting systems.
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1. Introduction

High angular resolution observations of protoplanetary disks
have revealed that these systems are far from smooth and host
a wealth of substructure. Before the Atacama Large Millime-
ter/submillimeter Array (ALMA) era, evidence for disk sub-
structure existed was inferred from spectral energy distribution
(SED) modeling (Strom et al.||1989)), images from the Hubble
Space Telescope (Grady et al.|[1999; Fukagawa et al.[2004), and
pre-ALMA interferometers (Brown et al.[2008). These observa-
tional techniques provided important insights but lacked the res-
olution necessary to trace the dust emission at the spatial scales
relevant for planet formation.

With ALMA, disk emission can now be resolved on
scales of a few astronomical units, providing a transformative
view of disk morphology (Andrews| |2020). Resolved contin-
uum observations have uncovered features suchs as concentric
rings and gaps (ALMA Partnership et al.| 2015 |Andrews et al.
2016), spirals (Benisty et al.|2015; [Huang et al.|2018)), and arcs
(Casassus et al.[2013} Isella et al.[2013)), revealing that substruc-
tures are common across a wide range of stellar and disk proper-
ties. Among these morphologies, crescents and spirals are of par-
ticular interest. Arcs represent strong deviations from axisym-
metry and are often interpreted as sites of efficient dust trap-
ping (van der Marel et al.||2013), where pressure maxima pre-
vent radial drift and allow solid particles to accumulate and
facilitate planetesimal growth by enhancing the local dust-to-
gas ratio (Birnstiel et al.||2013). Crescents are thought to form

through Rossby wave instabilities, which generates long-lived
vortices. They have been observed both as isolated structures
(Casassus et al.|[2013) and embedded within rings (Pérez et al.
2018). In contrast, spiral density waves can be triggered by com-
panions (Ogilvie & Lubow|2002) or arise in sufficiently massive
disks through gravitational instabilities triggered by perturbers at
large scales (Kratter & Lodato|2016), although they do not accu-
mulate dust.

Rings and gaps are the most frequently observed type of
substructure, especially in millimeter continuum emission. Their
occurrence appears to scale with the disk-to-star mass ratio,
as disks with higher M;/M, are more likely to host multi-
ple rings (Bae et al.| 2023). These ringed disks are uniformly
distributed across stellar properties and disk masses. Interest-
ingly, most ringed systems show low near-infrared excesses
(Benisty et al.| [2023). Spirals, in contrast, are predominantly
found around early-type stars, with sources with spirals show
systematically higher near-infrared excesses than other mor-
phologies (Garufi et al|[2018). Crescents are far less common,
with only 13 reported cases. Although their occurrence rate
reaches 30% for disks with M, /M, > 0.05, no clear dependence
on stellar or disk properties has been identified (Bae et al.[2023).

The dependence of disk substructure on stellar and disk
properties therefore varies with morphology, but the connection
with asymmetries remains poorly constrained. A first attempt
to link the degree of asymmetry to stellar properties was made
by |Curone et al.|(2025), who reported tentative correlations with
stellar mass, accretion rate, and NIR excess. However, their anal-
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ysis was restricted by sample size and parameter coverage. In
this paper, we build upon their work by expanding the sam-
ple size using ALMA archival data, allowing us to test corre-
lations across a broader range of stellar and disk conditions with
improved statistical significance. Sect. 2] describes the compila-
tion of the source sample. Sect. [3] outlines the procedure used
to model disk emission. Sect. 4| presents the metric to charac-
terize asymmetries in the sample. In Sect. [5] we discuss the im-
plications of our findings, and in Sect. [§] we outline potential
future extensions of this work, including further exploitation of
the ALMA archival data. Finally, the main conclusion are sum-
marized in Sect.

2. Sample and Data Selection

This work aims to investigate the degree of asymmetry in proto-
planetary disks and its relation to stellar properties. To ensure
a robust analysis, we restricted our study to sources that are
sufficiently well resolved. Bae et al.| (2023) compiled available
ALMA observations of protoplanetary disks and showed that
when the effective angular resolution 85 /65 > 10 (where ) is
the angular diameter enclosing 90% of the continuum emission
and 6y is the angular resolution of the observation), substructure
are detected in 95% of the cases.

Following this this criterion, we selected sources with pub-
licly available data products that meet the required level of res-
olution. However, since most of our sample comes from ALMA
Large Programs, the sample is naturally biased toward the type
of disks these programs were designed to observe. In partic-
ular, exoALMA was aimed at the largest and brightest disks
in gas (Teague et al.| 2025), while DSHARP focused on the
largest and brightest nearby disks in dust continuum emission
(Andrews et al.[[2018). Additional sources were included when
suitable Measurement Sets (MS) were available. A summary of
the Program IDs and sources used for this work is given in Table

M

2.1. exoALMA

The exoALMA large program targeted 15 very large, bright
disks selected to the study of gas kinematics. By design, each
target has a gas disk extending to > 1”radius with moderate in-
clination (5 —60°) and no signs of an envelope. The final sample
spans spectral types from late F/G to M, but is strongly weighted
toward more massive and luminous hosts with prominent dust
substructure. Indeed, all but one target (PDS 66) exhibit deep
continuum gaps or cavities. The targets are drawn from several
star-forming regions at distances 90 — 310 pc.

Observations were conducted in ALMA Band 7 with a four
spectral window (SPW) setup. Three SPWs were placed on sin-
gle molecular lines: '>CO (3-2), 1*CO (3-2), and CS (7-6), and
the fourth SPW (1.875 GHz wide) was centered at 332 GHz for
continuum. The line windows were recorded at the highest spec-
tral resolution (15 kHz channels, yielding ~ 30.5 kHz or ~ 27
m/s effective resolution per channel). The continuum SPW was
in frequency-division mode (488 kHz channels). The array was
configured for ~ 0.1”(14 — 20 au) resolution: a combination of
C43-3 and C43-6 configurations (and additionally the Atacama
Compact Array for the largest disks) was used, yielding a syn-
thesized beam of ~ 90 — 130 mas. The final calibrated datasets
achieve 20 — 35uJy/beam noise in the continuum.
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2.2. DSHARP

The Disk Substructures at High Angular Resolution Project
(DSHARP) survey was designed to image a sample of 20 bright,
nearby protoplanetary disks at a resolution down to = 0.035”(5
au at ~140 pc distance) to reveal small-scale substructures. Two
key criteria shaped the target list: a beam resolution of a few AU
to resolve narrow rings and gaps, and sensitivity to ~ 10% con-
tinuum contrast out to tens of AU. The selection only considered
Class II disks, while transition disks (with large central cavities)
were excluded. The resulting DSHARP disks span spectral types
from M to A, but on average host more massive/luminous stars
than the typical disk population.

Observations were carried out in ALMA Band 6. Four dual-
polarization spectral windows (SPWs) were used: three contin-
uum SPWs (1.875 GHz each, centered near 232.6, 245.0, and
246.9 GHz, with 128 channels of 31.25 MHz) and one window
covering the '2CO (2-1) line at 230.538 GHz (938 MHz band-
width, with 488 kHz channel spacing or 0.64 km/s channels).
Each disk was observed in a "compact" C40-5 configuration (15
m-1.1 km baselines, ~ 0.25”"beam to recover large-scale emis-
sion) and in an "extended" C40-8 or C40-9 configuration (up
to ~ 12.1 km baselines, ~ 0.035”"beam). The combined data
achieve a continuum rms of ~ 10 — 25uJy/beam. The data re-
veal rich rings, gaps, and asymmetries in all targets.

2.3. Other sources

In addition to the exoALMA and DSHARP samples, we incor-
porated a small number of individual disks that satisfy our res-
olution requirements and provide complementary coverage of
disk morphologies.

CS Cha was observed with ALMA in Band 7 with a corre-
lator setup that included four spectral windows, with three dedi-
cated to dust continuum emission, centered at 334.772, 336.600,
and 347.471 GHz with a total bandwidth of 2 GHz, and one tar-
geting line emission at 345.770 GHz. These data were originally
presented by [Kurtovic et al.| (2022). Haro 6-13 was observed in
Band 6, using a correlator configuration with four spectral win-
dows centered at 224, 226, 240, and 242 GHz, each configured
with 128 channels across a bandwidth of 2 GHz. The observa-
tions were first reported by |Huang et al.| (2025).

We also included three well-studied transition disks: AB
Aur (Band 6), HD 142527 (Band 7), and IRS 48 (Band
7). For these systems, we relied on the data presented by
Francis & van der Marel (2020), who analyzed a sample of tran-
sition disks with spatially resolved dust cavities. Together, these
additional sources broaden the diversity of the sample by includ-
ing disks with prominent cavities and complex morphologies be-
yond those covered by the large programs.

3. Methods

To isolate non-axisymmetric features in the disk emission, we
modeled each source with an axisymmetric intensity profile
frank (Jennings et al.[|2020)). This code employs a nonparamet-
ric approach to recover azimuthally averaged radial brightness
profiles under the assumption of axisymmetry. The brightness
profile is represented as a Fourier-Bessel series and transformed
to the Fourier domain via a discrete Hankel transform, where it
is fitted directly to the observed interferometric visibilities.
Working in the visibility space allows frank to fully exploit
the sensitivity of the data and achieves sub-beam resolution com-
pared to image-plane deconvolution methods such as CLEAN.
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For each disk, the geometric parameters (inclination, position
angle, and phase-center offsets) were fixed to the values listed in
Table [Tl

The modeling was performed in the LogNormal mode,
which enforces positive fluxes and suppresses noise in regions
of faint surface brightness. We tested the influence of the main
hyperparameters in frank (@, Wsmooths Rmax> IV, and pp). Given
the sensitivity of the sample, variations within the recommended
ranges produced negligible changes in the reconstructed profiles.
For consistency, we adopted conservative values of the hyperpa-
rameters. Specifically, we set @ = 1.3 and wgmoom = 0.01, where
« defines the signal-to-noise threshold at which the model ceases
to follow the visibilities and wyyeom damps spurious oscillations.
The cutoff radius parameter, R,,x, beyond which frank assumes
zero emission, was fixed to 1.5, Rgg. The number of grid points
was set to N = 400, while the power spectrum regularization
parameter, po, was kept at its standard value of 107> for loga-
rithmic intensity fitting.

4. Results
4.1. Nonaxisymmetric Substructures

To identify non-asymmetric substructures, we followed the pro-
cedure outlined by |Curone et al.| (2025). Synthetic visibilities
generated from the best-fitting frank model were subtracted
from the observed visibilities, and reconstructed residual images
from the resulting dataset using CASA task tclean.

The degree of non-axisymmetry was quantified using the
non-axisymmetry index (NAI) defined by (Curone et al.| (2025).
This metric provides a measure of the asymmetry level by com-
paring the residuals emission with the modeled emission. It is
defined as:

Zi,j |[res i,j|
Zi,j |1mod i,j|

where I ; j and Ij0q ;; denote the intensity at pixel i, j of
the CLEAN images corresponding to the frank residuals and
the frank model, respectively. The calculation is restricted to
pixels with a signal-to-noise ratio (SNR) > 5 in the CLEAN
image of the data, ensuring that the NAT only reflects statistically
significant emission.

NAI = for SNR > 5 (1

5. Discussion
5.1. Correlations

To assess the strength, direction, and significance of the corre-
lations, we used the Kendall’s 7 correlation coefficient, which is
robust against non-linear relationships and less sensitive to out-
liers. Fig. E] shows the relations between stellar mass, mass ac-
cretion rate, and near-infrared excess as function of NAIL. The
NIR excess is defined as the flux above the stellar photosphere
in the near-infrared, which traces the presence of hot dust in
the innermost regions of the disk. For part of the sample, val-
ues were adopted from |Garufi et al.| (2018), for the remaining
ones, the excess was derived following the same method: the ob-
served fluxes from 2MASS and WISE photometry in the 1.2-4.5
um range were dereddened and compared with a Phoenix stellar
atmosphere model Hauschildt et al.| (1999) with the appropriate
effective temperature. The difference relative to the model pho-
tosphere was integrated and then normalized to the stellar flux

to obtain the final NIR excess. Values for the stellar mass, mass
accretion rate and NIR excess are reported in Table [A.T]

For stellar mass, we find a weak positive correlation (7 =
0.20, p = 0.08). Although not formally significant, this sug-
gests that asymmetries tend to occur more frequently around
higher-mass stars. A similar tendency was already noted by
Curone et al.| (2025), who probed sources up to ~1.6 M and
found no significant correlation (7 = 0.10, p = 0.52). Our sam-
ple extends up to ~2.4 M, which may explain the stronger cor-
relation.

For stellar mass accretion, we find v = 0.27 with p =
0.02, indicating a moderate, statistically significant correla-
tion. Disks around stars with higher mass accretion rates are
more likely to have asymmetries. This trend was not reported
by |Curone et al.| (2025), likely because exoALMA lacks the
high-accretors where asymmetries become more common. Our
sample include sources with higher accretion rates above (>
107" Mgyr™"), beyond the upper range probed by exoALMA.
When normalizing the accretion rate to stellar mass, the correla-
tion weakens (r = 0.15, p = 0.18), differing from the stronger
trend 7 = 0.45 with p = 0.02 reported by (Curone et al.[(2025).

The NIR excess shows a positive correlation with NAI
(r = 0.28, p = 0.02), consistent with the idea that disks with
stronger inner dust emission are more likely to exhibit asymme-
tries. |Curone et al.| (2025)) reported stronger relation (7 = 0.48,
p = 0.01). Two notable outlier in our sample are RU Lup, which
has a low NAI (0.05) despite a large NIR excess (42.3%), and
IRS 48, which a strong asymmetry (NAI = 1.74) but only 2.6%
NIR excess. These discrepancies may be linked to timescale dif-
ferences. The NIR excess provides an instantaneous measure of
the inner disk, whereas the development of substructures and
asymmetries occurs on much longer timescales.

5.2. Extended emission

Following |Curone et al.[(2025), we characterized the millimeter
continuum emission in the outer disk regions. For each source,
we constructed azimuthally averaged radial intensity profiles
from the deprojected continuum maps, considering radii be-
tween Rgy and the point where the emission fell below 5o-. The
profiles were then fitted with an exponentially tapered power

laW,
:|
/10 1t ’

where A, described the scale of the outer taper. To test
wether the outer descent was sufficiently resolved, we also fit-
ted A Gaussian profile centered on Ryg:

I(R) = Iyexp [— 2)

I(R)=Aexp|— 3

2

(x = Roo)* ]
fit

20

We then computed o by Opeam, Where opeam is the geo-
metric mean of the synthesized beam axes. Values of Ao, and
O it/ Obeam are reported in Table 4. We considered the descent in
the outer profile to be reliably resolved when o /0 beam > 2.

Fig. [Z] shows the relation between Rgy and Aoy. Larger disks
with larger dust radii tend to display shallower outer slopes,
while more compact systems exhibit much steeper falloffs. A
single system, Haro 6-13, deviates from the general distribution,
but at present we cannot account for this special case.
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Table 1. Dust Disk Geometrical parameters

Program ID Source i PA AR.A. ADecl. Ry Aout T fit/ Obeam
(deg) (deg) (mas) (mas) (au) (au)

@ @) (©)) “ o) © (7 ®) (€))
2021.1.01123L AA Tau 58.54f§;§§ 93.77f§;§§ -5.46f§;}} 4.831§;§§ 139.43; 22.6f};§ 49
2021.1.01123.L  CQ Tau 35.24j0;8§ 53.87%4 -8.71j8;§g 0.99%0% 73,108 11.9j§;4 2.9
2021.1.01123.L DM Tau 3597093 155607098 -5.51°007 659000 2019712 703707 107
2021.1.01123.L  HD 135344B 20.73f§f§§ 28.92j8~%% 0.80f§;$g7 -3.21j%f§§ 90212 6.8+01 2.1
2021.1.01123.L  HD 143006  18.69*0%  7.53*0>  g27+0M 26.42j8;}§ 79.9°0T  6.5702 1.4
2021.1.01123.L  HD 34282 59.09jg»%} 117.15j§;g} 13.00°007 154900 239.4+23 52.3j§;§ 6.3
2021.1.01123.L 11604 8.72+00) 123.24%;3% -74.82t§;§; -16.677000 1 12.4j§;§ 13.0f?;§ 2.5
2021.1.01123.L  J1615 47.107001  146.14*002 .44.32+003 -5.88j0-8§ 169.631  48.5+13 7.1
2021.1.01123.L  J1842 39.22+003  26.357000 3167007 .30.69%007  852*IT 16,4700 3.0

+8183 +0.(?3 _ +0.04 +().02? +6:7 +0.3
2021.1.01123.L  J1852 32500 117615 234170 191Gy 69977 997 2.1
2021.1.01123.L  LkCal5 50.597001  61.57+001  -16.84*003  20.83*003 156323 32.4*13 6.6
2021.1.01123.L  MWC 758 7.27fg$§ 76.17f§1{§) 25.48j§;'}f 18.42t§3?§ 91.4+12 6.3t‘8>;§ 1.5
2021.1.01123.L  PDS 66 32.02+003 8.91jg;§§ 3597002 6.687007  46.9%02  6.1702 1.9
2021.1.01123.L  SY Cha 51.657003  165.77°0%  -12.66*012  28.16*018 197716 37.7+13 4.8
+8181 +0.02 _ +8:0% _ +0.02 +0.4 +0'6
2021.1.01123.L V4046 Sgr  33.36*09T  76.021002  50.947003 4518002 60.9*0%  10.9* 4.2
2016.1.00484.L  AS 209 34.97j§f;f§ 85.76j§f?g 1.9j8§ -2.5;2;2’ 139+10 16.7t§f§ 3.1
2016.1.00484.L  DoAr 25 674702 110.6°)3 38+20 -494+39 165710 252+ 43
2016.1.00484.L  DoAr 33 41.8f§f8 81.1*12 1.5+0% 0.6+0¢ 27100 3.1%03 0.6
2016.1.00484.L  Elias 20 49.0t};9 153.2+13 -54.5%2 -491 .Oj{;g 64+10 12.1t§;§ 2.8
2016.1.00484.L  Elias 24 20.0%03 457707 110.870%  -386.8*0% 136710 13.0%03 23
2016.1.00484.L  Elias 27 56.2f§}§ 118.8+07 5430 -8+30° 254j{f§ 46.5%}} 6.7
2016.1.00484.L  GW Lup 387703 37.6°03 2.4%11 -0.9*12 105710 17.0702 1.5
2016.1.00484.L HD 142666  62.22*014  166.1 1f§;}§ 9.47+00  15.5¢1% s90 7.1#02 1.7
2016.1.00484.L HD 163296 46701 13333705 2 .g+07 7.7+07 169710 57.7+33 9.1
2016.1.00484.L  IM Lup 47.5+702 144.5j§5§ -1.5%29 1.0+29 264+19 309713 4.0
2016.1.00484.L MY Lup 73.2:01 58.8+01 -77.9+08 62.9+0:6 g7+ 12.2t§1;§ 1.7
2016.1.00484.L  RU Lup 18.81?}% 121f§-'0 -17.1t§f§ 88.1j§f§ 64j}f§ 9.6+04 2.2
2016.1.00484.L  SR4 22.0%% 18+30 564712 5074713 3141.0,,, 2.5%02 0.5
2016.1.00484.L Sz 114 21.3f{f9 165740 -1.0f‘§;g 4,029 58+10 7.3t§f§ 0.8
2016.1.00484.L Sz 129 34.135% 15130 5.4+ 3.0%1 76710 87702 1.4
2016.1.00484.L  WaOph 6 47.3j§;Z 174.2t§:§ -244+30 361739 103+10 - 19.9+11 3.5
2016.1.00484.L  WSB52 sadlys 138455 -l 19.5j8% -432.8j§-3 32ji;§ 3.3?8):% 0.8
2017.1.00969.S ~ CS Cha 17.78j8;8§ 82.6 13.1700% 2.28+000 57*) 5.3+0T 0.8
2022.1.01365.S  Haro 6-13 394709 154.097014 361700 0.81700% 39+10 33.3%% 5.0
2012.1.00303.S  AB Aur 23.0 50.0 -80 70 231ti;§ 26.7:41 0.7
2012.1.00631.S  HD 142527 27.0 -20.0 242 0.3 232410 28.7+20 2.4
2013.1.00100.S IRS 48 50.0 100.0 -20.5 -18.6 91710 8.6%02 0.5

Notes. Columns are defined as follows: (1) ALMA Program ID, (2) target name, (3) disk inclination, (4) disk PA. (5-6) offsets in R.A. and decl.
between the disk center and the phase center, (7) radius containing 90% of the flux, (8) scale length of the outer disk taper A, from the exponential
model I (R) = Iy exp [R2 //L,m], and (9): ratio between the ofit from the Gaussian model I (R) = A exp [(x — Roy)? / 20'%1] and the O peam Obtained by
averaging the major and minor axis o~ values of the synthesized beam. Values for the sources in exoALMA (2021.1.01123.L) were obtained from
Curone et al.|(2025). For projects not in exoALMA, we computed Ry, Aoy, and 0/ Tpeam - For sources in DSHARP (2016.1.00484.L), geometrical
parameters were obtained from [Huang et al.| (2018)) except for the offset of HD 142666, for which we performed a Gaussian fitting. For CS cha,
we obtained the values from |[Kurtovic et al.|(2022). For Haro 6-13, we obtained the values fromHuang et al.|(2025). For AB Aur, HD 142527, and
IRS 48, we got the parameters from [Francis & van der Marel| (2020), no uncertainties were associated with the source geometry.

5.3. Two populations

In Fig. [1] the distributions of stellar mass and accretion rate
versus NAI, reveal two gaps in the parameter space. There are
no symmetric massive disks, and no asymmetric low-mass or
weakly accreting stars. These empty regions suggest that asym-
metries are not randomly distributed but instead may reflect two
distinct regimes.
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We explored the hypothesis that the disks in our sample
may be divided into two populations. The first corresponds to T
Tauri stars (K-M types), which host lower-mass stars and disks,
and (2) Herbig Ae/Be stars (early-type), which are more mas-
sive and luminous. To test this, we performed two-sample Kol-
mogorov—Smirnov (KS) tests on the NAI and NIR excess distri-
butions. The cumulative distribution functions (CDFs), shown
in Fig. 3] confirm statistically significant differences between
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Fig. 1. Stellar properties against NAIL From left to right: stellar mass (M, ), mass accretion rate (M,.), and Near-Infrared (NIR) excess. Data points
are marked by their belonging to different observational programs (see Sec. [2). Error bars are shown for data points when this information was

available.
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Fig. 2. Radius enclosing 90% of the continuum emission (Rog, qust) as a
function of A,,. The color scale represents the number of beams across
the outer disk falloff, shown as o7 /0 peamy On a logarithmic scale.

the two populations (NAI: p = 1.39 x 1072; NIR excess: p =
3.32x107%).

A possible explanation for the absence of symmetric massive
disks is late-time gas infall, where ambient material is gravita-
tionally captured through Bondi—-Hoyle—Lyttleton (BHL) accre-
tion. This process has been proposed as a mechanism sustaining
stellar accretion in young stars (Padoan et al.|2005)). Simulations
show that infall can generate spirals and arcs (Kuffmeier et al.
2020) and trigger the Rossby wave instability that produces vor-
tices (Bae et al.|[2015}; |[Kuznetsova et al.|[2022)). Estimates sug-
gest that 20-70% of the final disk mass may be acquired through
late infall (Winter et al.| [2024). Observationally, |Garufi et al.
(2024) found that 16 of 43 disk-hosting stars show evidence of
interaction with the surrounding ISM, supporting the idea that
environment plays a critical role.

Conversely, smooth symmetric disks are most common in
low-mass systems. By combining measurements of Rg,s from
resolved millimeter interferometric images with mid-infrared
molecular spectra, [Banzatti et al.|(2020) reported an anticorrela-
tion between the luminosity of H,O luminosity andRgyg. If Rdust
is primarily determined by pebble drift, and molecular luminosi-
ties trace the elemental mass budget of the inner disk, this im-
plie that icy pebbles drift inward, sublimate, and enrich the inner
disk. The efficiency of this drift depends on disk structure: it is
higher in smooth disks where radial pressure traps are absent,
and suppressed in disks with substructures when pressure traps
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Fig. 3. Cumulative distribution functions (CDFs) for the (left) Non-
axisymmetry Index (NAI) and (right) Near-Infrared (NIR) excess, com-
paring the populations of T Tauri stars (n=28) and Herbig Ae/Be stars
(n=10). The results of two-sample Kolmogorov-Smirnov tests indicate a
statistically significant difference between the two stellar types for both
parameters (NAL: p = 1.39 x 1072, and NIR excess: p = 3.32 x 1072)

are present. Consequently, low-mass disks, which tend to be less
structured would not be capable of having asymmetries.
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6. Future Work

The initial study was focused on a biased subset of disks bright
and large disk, but the analysis here can be extended to a broader
population. Our selection was determined by having a effective
angular resolution satisfies 0p/6,.s = 10 as criterion (see Sec.
). To build a list of potential sources, we combined the ALMA
archive with the catalog of young stars with near-infrared and/or
millimeter data compiled by Bae et al.|(2023)), which covers the
main nearby star-forming regions of Taurus, Ophiuchus, Upper
Scorpius, Lupus, and Chamaeleon 1. From this starting point, we
queried the ALMA archive to identify additional suitable obser-
vations.

In practice, we selected observations meeting several condi-
tions. Observations had to be in Band 6 or Band 7, with maxi-
mum recoverable scales larger than the disk size to ensure sensi-
tivity to all emission scales. Only disks resolved with at least 10
synthesized beams across their diameter were kept. Assuming a
Gaussian intensity profile, we used the integrated fluxes reported
by/Bae et al.|(2023)) to estimate radial intensity profiles and com-
pute the signal-to-noise ratio at the radius enclosing 90% of the
continuum emission (Ryg). Disks with a SNR at Ryy below the
minimum measured in DSHARP were discarded. After applying
these criteria, we identified 30 potential new sources that could
be incorporated into the sample.

7. Conclusions

This work investigated the degree of asymmetry in protoplane-
tary disks and its connection to stellar properties. To ensure a
robust analysis, we constructed a sample by combining ALMA
archival data from exoALMA, DSHARP, and geometrically
characterized sources. The final sample consisted of 37 well-
resolved disks in nearby star-forming regions, allowing us to ex-
plore asymmetry trends in detail.

- We find evidence for correlations between stellar properties
and disk asymmetry. Asymmetries are more frequent in disks
around higher-mass stars and in systems with elevated stellar ac-
cretion rates. The near-infrared excess also correlates with asym-
metry, suggesting a link between inner disk dust content and
large-scale morphology.

- Two regions of parameter space remain unpopulated: there
are no symmetric massive disks or high accretors, and no
strongly asymmetric low-mass disks or low accretors. We inter-
pret this difference as the presence of two distinct populations.

- The observed trends may be explained by physical pro-
cesses that act differently across the stellar mass spectrum. In
low-mass systems, efficient pebble drift and lack of substruc-
ture could deplete the outer disk, whereas in massive disks or
high-accretion systems, late gas infall may continuously replen-
ish material and drive substructure formation.

Future work should aim to expand the sample size, partic-
ularly toward both ends of the stellar mass range. A larger and
more uniform dataset will be essential to test the generality of
the trends identified here.
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Table A.1. Stellar properties for our sample
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Source logigM. log,oM  NIR excess References

(Mo)  (Moyr™) (%)
€)) 2 3 “ &)
AS209 008 T3 1007] (Fuang et al|2018; Garufi et al [2018)
DoAr 25 -0.02f8:(1’5‘$ -8.3fO:§ 5.6 Huang et al.[2018
DoAr 33 0.04*09 2.5 Huang et al.|2018
Elias 20 0324012 6.9%03 Huang et al.|2018
Elias 24 0.117008 —6.4f8:§ Huang et al.[2018
Elias 27 -0.31%0 13 -7.2f8§ Huang et al.|2018
GW Lup -0.34f§'19 -9.0f§j 11.5%}7 Huang et al.[2018; |Garufi et al.|2018
HD 142666 0.20f0:&4 -8.4 15.7 Huang et al.2018; Garufi et al.|2018
HD 163296 0.31j§~§0§ 74 218 Fuang et al|2018: Garufi et al|2018
IM Lup —0.0ngzlg ‘7'9toﬁi 3.4fi:i Huang et al.|2018} |Garufi et al.|[2018
MY Lup 0.07 -8.0 3.3%, (Manara et al.|2023; |Garufi et al.[2018)
RU Lup 0207012 7.1#03 4p.3+%3 Huang et al.[2018
SR4 -0. 17j8:H -6.9j8g 11.6 Huang et al. 2018
Sz 114 —0.76f8:6481 -9.1f85g Huang et al.|2018
Sz 129 —0.08i8'8g -8.3i83 14.1 Huang et al.[2018
WaOph 6 -0.17j§%§ -6.6j§;§ 3.0 Huang et al 2018
WSB52 —0.32f8:%g3 -7.6%2 Huang et al.|2018
CS Cha 0.14+046 7.9 2.2%08 (Parker et al.DiOZZL [Espaillat et al.2007; |Garufi et al{2018)
Haro 6-13 -0.04 -10.9 ong et al.2019; [Lin et al.[2023)
AB Aur 0.36700¢  -5.67011 27.1%2% (Garufi et al.[2018;|Costigan et al.[2014)
HD 142527 0.27%8;:%; 57403 34.2f§:§ (Parker et al.2022; Mendigutia et al.|2014; |Garufi et al{2018)
IRS 48 034700 g5 2.5+ (Garufi et al|2018; Follette et al2015)

Notes. Columns are defined as follows: (1) Source name, (2) Stellar mass, (3) Mass accretion rate, (4) NIR excess (5) References. Values for
ex0ALMA sources are listed in (2025) Table D1. Values for the NIR excess without errors were computed using the procedure
outlined in Sect.[5.1] Missing values were not possible to compute or not reported on the literature.
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