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ABSTRACT

Context. High-angular-resolution observations in infrared and millimeter wavelengths of protoplanetary disks have revealed cavities,
gaps, and spirals. One proposed mechanism to explain these structures is the dynamical perturbation caused by giant protoplanets.
Aims. The purpose of this study is to detect and characterize potential protoplanets in the HD 135344B system. The star is located
at ~136 pc, and hosts a protoplanetary disk characterized by a 40 au cavity, multiple spiral arms detected in the optical/near-infrared,
and a large-scale azimuthal asymmetry at millimeter wavelengths.

Methods. We conducted deep high-contrast imaging observations using VLT/ERIS in the L’-band with the annular groove phase mask
coronagraph (vortex coronagraph). Angular differential imaging with principal component analysis (ADI-PCA) was applied for the
point spread function (PSF) subtraction to highlight the presence of point sources in the system.

Results. We identified the previously detected S1, S2, S2a spiral arms and the “blob” features southward of the star. Besides this, we
also identified a new point source at the base of the spiral arm (S2) embedded in the inner part of the disk at a separation of ~0”21,
corresponding to a projected separation of ~28 au, and a position angle of ~87° (west of north). The point source has a contrast of
~3 % 107*. Our multiwavelength analysis implies a planetary mass of 22 Mj,, and large dust extinction (Ay 2 10 mag). Moreover, the
L’-band flux of the candidate protoplanet and the upper limits at shorter wavelengths hint at the presence of a circumplanetary disk.
Additionally, we report the detection of a previously unrecognized spiral arm located northwest of the star at a separation of ~0”77.
No planets are detected in the outer disk with an upper limit of ~600 K.

Conclusions. These results suggest a physical link between the newly identified planet candidate and the observed disk substructures,

supporting the scenario of a planet-driven origin for the cavity and spirals in the HD 135344B disk.

Key words. protoplanetary disks — planet-disk interactions — stars: pre-main sequence

1. Introduction

Understanding the morphology of protoplanetary disks is
key to unveiling the mechanisms of planet formation. Tran-
sitional disks, characterized by large cavities or gaps, are
often considered an intermediate evolutionary stage in which
giant planet formation is actively shaping the disk structure
(e.g., Lin & Papaloizou 1979; Paardekooper & Mellema 2006;
Zhu et al. 2012). HD 135344B (SA0206462) is a 11.91’%; Myr
old (Garufi et al. 2018) F8V star (Dunkin et al. 1997) located at
135.0 £ 0.4 pc from the Sun (Gaia Collaboration 2023), a well-
known example of such a disk, exhibiting prominent spiral arms
and a central cavity (e.g., Muto et al. 2012; Garufi et al. 2013;
Stolker et al. 2016; Maire et al. 2017). The millimeter cavity of
HD 135344B was first resolved with the SMA by Brown et al.

* Corresponding author: francesco.maio@inaf.it

(2009) and later confirmed with ALMA by Pérez et al. (2014),
and by van der Marel et al. (2016a). The gas cavity, which is
consistent with the presence of an embedded protoplanet, has
been analyzed in detail in van der Marel et al. (2016a, 2021).
Spiral arms and azimuthal asymmetries are frequently observed
in transitional disks (van der Marel et al. 2021) and are com-
monly interpreted as signatures of planet-disk interactions (e.g.,
Kley & Nelson 2012; Dong et al. 2011, 2015), although alterna-
tive scenarios exist. Numerical simulations have shown that mas-
sive planets can generate these structures by inducing Rossby
wave instabilities at the edges of gaps carved in the disk
(e.g., Lovelace et al. 1999). This mechanism leads to the for-
mation of azimuthal dust traps, which facilitate the accumula-
tion of material and potentially accelerate planetesimal growth
(Barge & Sommeria 1995). Observations of HD 135344B sup-
port this scenario, as a prominent asymmetry is seen at
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Fig. 1. Result of the ADI-PCA of HD 135344B with ERIS in the L’
band, post-processing with the subtraction of four principal compo-
nents. The central dashed circle with a radius of 0”19 represents the
vortex coronagraph position.

millimeter wavelengths, colocated with the tip of one of the spi-
ral arms, suggesting a potential connection between the asym-
metry and the formation of the spirals (e.g., van der Marel et al.
2016b; Cazzoletti et al. 2018). Alternatively, these asymmetries
may arise from dynamical interaction between the disk and a
massive companion within the cavity (e.g., Ragusa et al. 2017).
While spiral arms observed in scattered light are attributed to
density waves excited by planets (e.g., Bae & Zhu 2018), alter-
native explanations include gravitational instability (GI) (e.g.,
Boss 1997; Lodato & Rice 2004), which does not require a
pre-existing planet. In the case of HD 135344B, the relatively
low disk mass suggests that GI is unlikely to dominate (e.g.,
Kama et al. 2020). According to Xie et al. (2024) both spiral
arms show a rotational motion of (—0.85 + 0.05)°/yr and they
attribute this to the presence of an (unseen) companion in the
gap between the ALMA-observed ring and the asymmetry south
of the star, at approximately 66+3 au. In addition, the presence of
dark lanes observed in polarimetric imaging could indicate shad-
owing effects, although the underlying cause, such as inner disk
misalignment or warping, remains speculative (Stolker et al.
2016). Previous high-contrast imaging (HCI) observations in
the near-infrared (NIR) have searched for planetary compan-
ions in the system. However, observations with VLT/SPHERE
in the NIR (Maire et al. 2017) and Keck/NIRC2 in the L’ band
(Wallack et al. 2024) have resulted in non-detections so far. Con-
sidering the observational evidence presented above, as well as
statistical arguments (Ragusa et al. 2025), it is likely that there is
an unobserved companion inside the cavity.

In this study, we present new observations of HD 135344B
obtained with ERIS/NIX in the L’ band, revealing a candidate
within the disk cavity. We analyze its properties and investigate
its role in shaping the surrounding disk structures.

2. Observations and data reduction

HD 135344B was observed using the Enhanced Resolution
Imager and Spectrograph (ERIS) (Davies et al. 2023) of the
Very Large Telescope (VLT) during the night of April 18-19
2024 (ID: 113.26B2.001), using the L’ filter (1, = 3.96 um,
FWHM = 0.60 wum) and the annular groove phase mask (vortex)
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coronagraph (Orban de Xivry et al. 2024). The performance of
ERIS for natural guide star targets with R magnitudes between
8 and 10 achieves Strehl ratios above 0.8 in the Ks band
(Riccardi et al. 2022). We took all science frames and sky back-
grounds using the sensor sub-portion window 3. The seeing
(from the Differential Image Motion Monitor) remained consis-
tently below 170, with an average of 0”52 throughout the obser-
vations. The mean coherence time was 9.5 ms and the mean wind
speed was 2.12 m/s. The total field of view rotation during the
data acquisition was 58°. We measured the thermal background
with a high cadence by performing an ABAB sequence. The
observations were structured as 26 exposures of 900 frames for
the target and 26 exposures of 150 frames, both with an inte-
gration time of 0.2s. To conclude, 100 frames of 0.02s were
taken with the star offset from the coronagraph to obtain a ref-
erence point spread function (PSF). At the beginning and end of
the observation block, an off-axis image of the stellar PSF was
acquired as a calibration for photometry and contrast estimates.
We acquired dark frames on the same night, matching the win-
dow and exposure times of the science frames, and flats during
twilight on April 6, 2024, using the L’ filter in full-frame mode.
The corresponding dark frames for the flats were taken on the
same night.

We performed a standard data reduction procedure that
involves dark subtraction, flat fielding, bad pixel correction, and
background subtraction. Further details are given in Maio et al.
(2025). A complete description of the technique used for sky-
object alignment is explained in Appendix A. We discarded
a variable number of initial frames in each exposure because
the star was not correctly centered behind the coronagraph and
because the AO loop was opened, due, for example, to poor see-
ing conditions.

To identify and remove unsuitable frames, we first computed
the median of the entire cube, as the majority of frames con-
tain the star correctly positioned behind the coronagraph. This
median image was subtracted from each individual frame to
highlight deviations. We then estimated the total flux in each
frame, using it as a metric: frames in which the star is cor-
rectly behind the coronagraph show a low flux, while frames
with the star out of position exhibit a higher flux. Next, we cal-
culated the median flux of the last 400 frames and determined
the median absolute deviation (MAD). Frames with flux values
within 5 MADs from the median were selected and saved into a
new, cleaned cube, following the method outlined in Maio et al.
(2025). Finally, we aligned all frames by fitting the visible ring
of the PSF around the coronagraph mask. Additionally, an inde-
pendent alternative method was employed to confirm the results,
consisting of a Gaussian fit of the thermal emission from the
coronagraph mask visible in the sky frames. This alternative
method correlates the mask’s center position with three spots
used for sky-object alignment, as is described in Appendix A.
Once the relative position is determined, it can be identified in
the sky frames and used as a rotation point for ADI. Both meth-
ods yielded consistent results within one pixel precision required
for the analysis. To subtract the residual speckles of the stellar
PSF, we applied angular differential imaging (e.g., Marois et al.
2006) with principal component analysis (ADI-PCA) with the
routine available in the Vortex Image Processing package (VIP)'
(Gomez Gonzalez et al. 2017; Christiaens et al. 2023). An addi-
tional analysis was performed to deproject the disk into polar
coordinates, allowing for a more detailed study of the spiral
structures within the disk.

! https://vip.readthedocs.io/en/latest/index.html
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Fig. 2. Result of the point-source recovery function of VIP. Left: Output of the annular PCA analysis of the original dataset. Center: As in the left
panel but with the point-source signal subtracted. The process completely eliminates point sources and negative wings, without any serious effects.
Right: As in the left panel but with the blob signal subtracted. The process does not remove the signal, leaving residues and generating positive

artifacts.

To estimate the optimal number of principal components
(PCs) for subtraction, PSF-subtracted images were generated by
subtracting from 1 to 10 PCs. For the analysis, we worked with
four subtracted PCs (although five PCs gave comparable results).
Once the final image was obtained, a correction of 5° was applied
to the true position of the north, as is described in the ERIS
Manual’.

3. Analysis

The analysis of the ADI-PCA result revealed the prominent
southwestern spiral (S1) and the bifurcated eastern spiral (S2 and
S2a), both of which are well known in the literature. The result
is shown in Figure 1. Additionally, we observed a previously
unrecognized spiral arm; its description is presented in detail in
Appendix B. We detected a candidate in the inner part of the
disk at a separation of 0721 + 0704 and a position angle (PA) of
~87° W of N, with an estimated contrast of ~3x 1073 (Figure 2).
The estimated linear distance assuming a face-on orbit between
the central star and the candidate is (28.4 + 5.4) au. The analysis
was performed using the point source recovery routine in VIP,
which showed that the subtraction of a fake planet completely
removed the source, indicating its point-like nature and ruling
out any extended structure (Figure 2). To confirm that the can-
didate HD135344B b is not an extended disk feature, we also
analyzed a previously identified source: the “blob” at a PA of
~200° and a distance of ~0”2, which is described as approxi-
mately point-like (Maire et al. 2017). The PSF subtraction, and
thus the removal of a point source, did not completely remove
the source, highlighting the extended nature of the blob, as can
be seen in Figure 2.

To quantify the properties of the detected candidate, we esti-
mated its brightness and physical characteristics. From the mea-
sured contrast of HD 135344B b the effective temperature of a
photosphere with radius 2Ry is approximately 2500 K, assuming
no local extinction. These characteristics point to either a high-
mass planet (>7Mj) or a sub-brown dwarf. However, the brown
dwarf scenario is at odds with the existence of an inner dust ring
described by (e.g. Fedele et al. 2008; Stolker et al. 2016). Such
a massive companion would have cleared the dust cavity com-
pletely (Zhu et al. 2011). An alternative explanation for the high

2 https://www.eso. org/sci/facilities/paranal/
instruments/eris/doc/ERIS_\User_Manual_v115.0.pdf
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Fig. 3. Polar de-projection of the ADI-PCA result. The position of the
disk structures and point source candidate are highlighted with arrows.
The horizontal solid line at 0”15 indicates the shadowed area. The main
spirals (S1, S2, and S2a) are highlighted in the figure. Spiral S3 is not
visible in the ADI-PCA image.

observed flux is the presence of a circumplanetary disk (CPD) or
envelope, which, with sufficient accretion, can exceed the planet’s
intrinsic luminosity (Taylor & Adams 2025). This is consistent
with the results of van der Marel et al. (2016a), which predict a
2M; planet at 30 au from the star to account for the gas and
dust cavity in this system. A detailed discussion of the expected
CPD emission in relation to the SPHERE upper limits in the J
and K bands is given in Appendix C. The inferred location of
~28au of HD 135344B b aligns well with the expected posi-
tion of a planetary perturber from planet-disk interaction models,
based on the spiral arms seen in NIR observations (Stolker et al.
2016). Future high-resolution observations in the mid-infrared
could reveal additional observational signatures of the CPD.
The analysis of the ADI-PCA image did not reveal any
sources or structures beyond 075 from the central star. Polar
deprojection (Figure 3) of the disk was performed using the
inclination of (23.8*22)° and PA of (241.67¢7)° (Casassus et al.
2021). Since the disk is almost face-on, we did not take into
account the geometric distortion resulting from disk flaring. In
Figure 3, the two spiral arms and the candidate companion
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Fig. 4. Top panel: Contrast achieved for HD 135344B (blue line) and
for a reference isolated single star (dashed gray) with similar field rota-
tion (i Vel, from ERIS manual). The gray region highlights the region
contaminated by spirals. Bottom panel: Detection curves in terms of
temperature computed for different photospheric radii.

are visible. The shadow, marked by the arrow, is also evident,
along with a fully shadowed region highlighted by the horizon-
tal solid line. This visualization of the shadows further confirms
the extended nature of the blob south of the star and highlights
that it is part of the S2 spiral interrupted by the shadow.

The contrast curve is a key tool for assessing the quality
of observations, providing a quantitative measure of the instru-
ment’s sensitivity to faint sources at different angular sepa-
rations. We used the Python package AppleFy® (Bonse et al.
2023) to generate the 5o curve, by combining contrast curves
from 2 to 10 subtracted PCs (see Figure 4), and we employed the
calculated values to estimate detection limits in terms of black-
body temperatures (e.g., Cugno et al. 2023; Maio et al. 2025).
The contrast curve also sets an upper limit on the relative bright-
ness of potential external companions to the disk. In the sec-
ond step, we translated the contrast into a temperature estimate,
which provides a more intuitive physical interpretation. While
both quantities are model-dependent, the temperature estimate
relies on fewer assumptions. We have chosen not to use mass
estimates due to their strong dependence on model assumptions,
including cooling curves, coeval star-planet formation, planetary
atmosphere composition, local disk extinction, and potential flux
excesses from recombination lines related to accretion or CPDs.
The temperature limit was achieved using a double blackbody
model (stellar photosphere and planet photosphere), which is
described by Cugno et al. (2023) and Maio et al. (2025). By ana-
lyzing the contrast curve in Figure 4, it is possible to establish
an upper limit for the contrast of potential external companions
beyond 08 at 1.2 X 1073, which translates to a limit of ~570 K
for a radius of 2 R;. We also used BEX models (Linder et al.
2019) as in the work of Cugno et al. (2024) and got an upper

3 https://applefy.readthedocs.io/en/latest/index.html
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mass limit of 2.5-5M. This estimate is model-dependent and
should be interpreted with caution.

4. Discussion

The disk resolved at millimeter wavelengths with ALMA by
Cazzoletti et al. (2018) revealed the presence of a ring at 0”37
radius, corresponding to approximately 40au from the star,
along with an asymmetry further out toward the south. This
feature appears to coincide with the tip of the spiral arm S1,
as observed in scattered light (van der Marel et al. 2016a). The
inner cavity detected by ALMA, in gas and millimeter-dust, pro-
vides strong evidence of the presence of a planetary perturber.
While millimeter-dust cavities can result from a variety of mech-
anisms, the presence of a gas cavity is a more robust indicator
of a massive planet. Notably, its dimension is consistent with
the position of HD 135344B b detected in this study (Figure 5).
This supports the hypothesis that the planet is actively shaping
the disk structure, which has been predicted by models of planet-
disk interaction (e.g., Toci et al. 2020).

The interaction between the protoplanet and the disk can
be further analyzed in the context of the observed spirals. The
connection between the planet and the spiral structure is sug-
gested by hydrodynamical simulations (e.g., Dong et al. 2015;
Veronesi et al. 2019), which predict that planets can launch
large-scale spiral arms. The proximity of HD 135344B b to the
expected location of a planetary perturber based on the morphol-
ogy of the spirals (Stolker et al. 2016) supports the scenario in
which the detected planet is the primary driver of these features.
Additionally, the analysis of the inner part of the S2 spiral arm
carried out by Flasseur et al. (2024) reveals that the inner part of
S2 is truncated near the expected position of the ERIS candidate,
further supporting the hypothesis of a planet-disk interaction.

The possibility of additional external companions has been
suggested in previous studies. Cugno et al. (2024) reported the
detection of a potential sub-Jupiter candidate (CC1) with JWST
at a separation of approximately 2”2 and a PA of 303.5°. How-
ever, this companion is unlikely to be responsible for the for-
mation of the observed spirals (Cugno et al. 2024). Similarly,
Xie et al. (2024) predict the presence of another external com-
panion, which has not been detected by Cugno et al. (2024). The
consistency of the inferred detection with millimeter dust cavity
was further explored using DBNets2.0 (Ruzza et al. 2025). This
tool leverages machine learning and simulation-based inference
techniques to efficiently explore a large parameter space and iden-
tify the planet-disk configuration that could best reproduce the
observed dust substructures. For a planet at 28 au, this analysis
determines a mass of 1.9:’%:2 Mj. The detailed results are reported
in Appendix D.

Wallack et al. (2024) presented L' HCI observations of
HD 135344B, but they did not detect any point sources. We pro-
pose that this non-detection is likely due to the limited field rota-
tion during the NIRC2 observations, which spanned only 23°.
When we restricted our dataset to a comparable rotation range,
we were similarly unable to recover HD 135344B b, suggest-
ing that self-subtraction effects may have removed any trace of
the potential companion within 0”3. A more detailed analysis is
presented in Appendix E.

Overall, our observations, combined with previous studies,
suggest that the observed disk features, particularly the inner
cavity and spiral arms, are best explained by the presence of an
internal planetary perturber. The lack of massive external per-
turbers, as is indicated by both ground-based and space-based
observations, further supports this interpretation.
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Fig. 5. Left panel: Zoom of Figure 1 with the candidate highlighted. Center panel: Comparison of the ERIS image (left panel) with ALMA
Band 4 observations by Cazzoletti et al. (2018). Right panel: Latest analysis of the Maire et al. (2017) data by Flasseur et al. (2024), in which the
candidate’s position was indicated if it were on a circular orbit seen face-on.

5. Conclusion

In this study, we report the detection of a candidate embedded pro-
toplanet in the HD 135344B disk, with an estimated contrast of
~3 x 107% and a projected separation of ~28 au from the host star
at the root of one of the disk’s spiral arms (S2). HD 135344B b
is in the region where previous studies have suggested the pres-
ence of a planetary perturber responsible for the excitation of such
spirals (e.g., Dong et al. 2015; Zhu et al. 2015). The multiwave-
length analysis and the comparison to interpolated models with
machine learning suggest a planetary mass of nearly 2M; and high
local dust extinction (Ay = 20 mag). The high L’-band flux could
be indicative of a CPD if the companion is indeed planetary in
nature. Alternatively, if the object is more massive, it could be a
brown dwarf rather than a planet. The location of HD 135344B b
is consistent with the ALMA-detected gas cavity, suggesting that
the candidate protoplanet plays a role in clearing material from
the inner part of the disk (van der Marel et al. 2016b).
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Appendix A: Sky-object alignment

A preliminary analysis of the sky frames revealed several scat-
tered spots across the entire field of view in addition to the ther-
mal glow from the vortex mask, as visible in Figure A.1. These
spots are caused by dust grains on the coronagraph. By tracking
the position of these dust grains and the mask glow, we observed
a steady drift in their positions from one frame to the next in
all exposures. Therefore, it was necessary to align all frames
before performing the sky-object subtraction. For this purpose,
we selected three isolated and bright spots at different locations
in the field. A Gaussian fit was applied to each spot to estimate
their positions with sub-pixel accuracy in each frame. The mean
positional shift of the three spots was then computed, and we
translated the images accordingly to align them.

400
300 Mask glow
V]
X .
% 200 e
Spot 2
100
Spot 1
00 100 200 300 400 500 600
Pixel

Fig. A.1. Example of the sky frame, the white dots are dust spots on the
mask. The three of them highlighted are the spots used for the image
alignment.
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Fig. A.2. Comparison between the total contrast curve of our observa-
tions (in blue) and the one with the reduced rotation angle (in green).
The red dot is the measured contrast of the candidate. The red dashed
curve represents the contrast curve from Wallack et al. (2024), which
does not show the bump of arm S1 around 0”5 due to self-subtraction.
The purple and orange dotted curves correspond to the contrast curves
from JWST observations of Cugno et al. (2024).
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Fig. B.1. Result of the image stacking. The spiral’s position is high-
lighted. The central dashed circle has a radius of 0”26.

Figure B.1 presents the final stacked image after the alignment of
all frames. In addition to the well-known S1 spiral to the south-
west, our analysis reveals a newly identified structure northwest
of the star, labeled as S3. This feature appears to extend from
the previously detected S2 spiral, as reported by Flasseur et al.
(2024).

The detection of S3 is qualitatively consistent with theoret-
ical models predicting the formation of multi-arm spiral struc-
tures induced by embedded protoplanets (e.g., Veronesi et al.
2019). However, the position of S3 does not match the fitted
spiral structures proposed by Stolker et al. (2016), which were
used to infer the presence of external planets. This discrepancy
suggests that S3 may have a different origin or that the external
planetary influence on the spiral morphology is more complex
than previously assumed.

Further observations and modeling are required to determine
whether S3 is dynamically linked to the other spiral arms or if
it represents a distinct morphological feature of the disk. Future
HCI and gas kinematics analysis (like exoALMA) will be cru-
cial to understanding the nature of this structure and its potential
connection to planetary formation processes.

Appendix C: Impact of a circumplanetary disk on
contrast estimates

To provide a physical interpretation of the observed contrast, we
used the upper limits on detection at the candidate’s location in
the H, K1, and K2 bands, derived from the contrast curves of
Maire et al. (2017).

We compared these data with a contrast model assuming the
star as a black body with a temperature of 6810 = 80 K and
radius of 1.40 = 0.25 R, (Miiller et al. 2011). The planet was
also modeled as an ideal black body with variable temperature
and radius, specified for four cases in Figure C.1. The flux emit-
ted by the star and the planet follows the standard Planck law
for black body radiation. The specific flux per unit frequency is
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given by
R2
Fystar = 47TBV(TS[3I)7T%9 (C.1)
2
lanet
Fv,planel = 4ﬂBv(Tplanet)7r%’ (C.2)

where B,(T) is the Planck function, T, and Tpane; are the
effective temperatures of the star and the planet, Ry, and Rpjanet
are their respective radii, and d is the distance to the system. The
contrast at a given frequency is then computed as

F v,planet

9
F v,star

C, = (C.3)

where C, represents the flux ratio between the planet and the
star. This approach is consistent with previous works, such as
Cugno et al. (2023), Maio et al. (2025). To better fit the observed
contrast and the SPHERE upper limits, we included a CPD, fol-
lowing the description in Taylor & Adams (2025). The disk was
modeled as a geometrically thin structure, where the radial tem-
perature profile follows a power law:

Y
T(r)=To|=—]| , (C4)
(Ro )

where T is the temperature at the reference radius Ry, and
q is the exponent governing the radial dependence. The value of
Ty was taken from Taylor & Adams (2025), with specific values
for different accretion rates. In the case shown in Figure C.1,
To = 1020 K corresponds to an accretion rate of 3 M,;/Myr,
while Ty = 700 K corresponds to an accretion rate of 1 M;/Myr.

The total flux emitted by the disk was computed by integrat-
ing the Planck function over the disk surface:

4 Rout
Fraisk = — f 27rB(T(r))dr, (C.5)

ra
d Rin

where R;,=5R; and R,,=50R; define the inner and outer radii
of the disk. The CPD was assumed face-on. The total flux of the
system is then given by the sum of the planet and disk fluxes:

Fv,lotal = Fv,planet + Fv,disk, (C6)

before computing the final contrast with respect to the stellar
flux.

To account for the local extinction due to the circumplan-
etary material, we applied an extinction correction using the
Dust Extinction package (Gordon 2024). The extinction was
modeled with a standard interstellar law, assuming a total-to-
selective extinction ratio of Ry = 3.1 and extinction values of
Ay = 10,20, 30 mag.

The results shown in Figure C.1 indicate that the best model
to describe the observations corresponds to a planet with a radius
of R, = 2.2Ry, an effective temperature of 7), = 1600 K, and an
accreting CPD with a reference temperature of 7o = 1020 K.

Appendix D: Substructure analysis with DBNets2.0

We present in Fig. D.1 the outcome of DBNets2.0 (Ruzza et al.
2025, new version of Ruzzaetal. 2024) analysis per-
formed on an ALMA band 6 dust continuum observation
of the HD135344B disc (Casassus et al. 2021, ALMA data:
ADS/JAO.ALMA#2018.1.01066.S). Assuming the presence of
a planet at a given location, the tool infers a posterior distribu-
tion for the disc a-viscosity (@), aspect ratio at the planet location
(ho), dust Stokes number (St) and planet mass (M,). DBNets2.0
performs the analysis through machine learning methods trained
on hydrodynamical simulations of viscously accreting discs
with one embedded planet, constant @-viscosity and constant
dust Stokes number over the entire disc. These are then post-
processed into synthetic observations. The results represent the
best fit of the simulated model to the observed substructures.
We used the geometrical properties to deproject the disc and set
the planet location at 28 au consistently with the candidate pro-
toplanet. The corner plot in Fig. D.1 shows the inferred poste-
rior distribution for the target properties. The axis limits are cho-
sen to match the parameter space where DBNets2.0 was trained.
Best estimates are reported for each property over the respective
histogram and correspond to the medians of the distributions.
Uncertainties are defined by the 16™ and 84" percentiles.

Appendix E: ERIS and NIRC2 data

For a homogeneous comparison between our observations and
those obtained with NIRC2 by Wallack et al. (2024), we inde-
pendently analyzed both our full dataset, with a total field
rotation of 58°, and a subset limited to 23° of rotation. This
approach was necessary since the NIRC2 observations exhibit
only 23° of total field rotation. No candidate was identified in
the Wallack et al. (2024) dataset, which can be explained by self-
subtraction effects at small radial separations when field rotation
is insufficient. This effect is evident in the comparison shown in
Figure E.1.

The contrast curves comparison in Figure A.2 reveal an inter-
esting result. The curve derived from the first 23° of rotation (in
green) reaches a lower contrast plateau at large separations com-
pared to the full dataset (in blue). Nevertheless, the difference in
recovered flux is visible in Figure E.1.
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Fig. C.1. Spectral energy distributions expressed as differential magnitudes (A Magnitude) as a function of wavelength (in um) for different
planetary radii and temperatures. The black solid line represents the case with no extinction (Ay = 0), while dashed blue, dotted green and dash-
dotted red lines correspond to increasing extinction values (Ay = 10,20, 30) with progressively higher planetary temperatures (7p). The orange,
green and blue leftward triangles indicate the upper limit by (Maire et al. 2017) in H, K; and K, bands. The red point indicates the contrast
observed in this study. Each panel corresponds to a specific planetary radius: Top left: Rp = 2.2R,, Top right: Rp = 3.5R,, Bottom left: Rp = 2.2R,
with a CPD contribution (Tcpp), and Bottom right: Rp = 3.5R; with a CPD contribution.
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Fig. D.1. Results of the analysis of HD135344B dust substructures performed with DBNets2.0 (Ruzza et al. 2025). The plot is constructed sampling
5 - 10° points from the inferred posterior distribution for the four target disc and planet properties. Axis limits correspond to the region of the
parameter space where DBNets2.0 was trained. The solid vertical lines in the histograms mark the medians of the respective distributions while
the dashed lines mark the 16™ and 84" percentiles when these are within the plotted intervals. The deprojected ALMA Band 6 dust continuum
observation (ADS/JAO.ALMA#2018.1.01066.S, Casassus et al. 2021) used for this analysis is shown in the upper right corner.
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Fig. E.1. Upper panel: Full dataset annular PCA with a 58° rotation
Lower panel: Dataset restricted to a 23° field rotation. In the second
case, the self-subtraction has almost completely removed the candidate.
The central dashed circle as in Figure 1.
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