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ABSTRACT

Context. The HD 135344B (SAO 206462) disk exhibits strong signposts of planet formation both in scattered light and submillimeter
continuum images. ALMA images in the submillimeter revealed a gap-crossing dust filament whose position coincides with a twist
detected in the scattered-light spiral structure. Analysis of the spiral dynamics in polarized light also hints at a spiral-driving proto-
planet in the submillimeter gap.
Aims. We aim to study the overall dynamics of the three spirals in the disk, as well as the motion of the twist over a 10-year baseline,
at different IR wavelengths. We also seek to assess the authenticity of a candidate protoplanet recently claimed in the disk.
Methods. We used high-fidelity postprocessing algorithms such as iterative principal component analysis to minimize the biases
induced by angular differential imaging on extended sources and conduct a thorough analysis of archival VLT/NACO, VLT/SPHERE,
and VLT/ERIS datasets in order to obtain the spiral traces and measure their orbital motion in multiple wavelength bands in scattered
light. We also reprocessed archival JWST/NIRCam datasets with these algorithms.
Results. We measured an average spiral orbital motion of 0.◦81 ± 0.◦05 yr−1, in agreement with the literature value of about 0.◦85 yr−1

at all wavelengths. With simple modeling of the twist morphology, we confirm that it is indeed co-moving with the spiral in which it
is embedded. While the position angle of the twist coincides with the dust filament, it is located at a smaller angular separation from
the star, which we attribute to the fact that the spiral trace moves away from the central star with increasing wavelength. We find that a
previously claimed protoplanet candidate in the disk can be adequately explained as a postprocessing artifact.
Conclusions. Our confirmation that the motion of the scattered light twist is consistent with the orbital velocity of a planet at
69 ± 4 au over a 10-year baseline suggests that the spirals, the gap, and the dust filament in the submillimeter continuum, as well
as the twist in scattered light, could indeed all be attributed to the same hypothetical protoplanet deeply embedded within the spiral. A
perplexing trend for a wavelength-dependence of the angular distance of the spiral traces to the central star still remains to be explained.

Key words. techniques: image processing – protoplanetary disks – planet-disk interactions –
stars: individual: HD 135344B (SAO 206462)

1. Introduction
Direct imaging of protoplanetary disks is made possible by state-
of-the-art instruments capable of reaching high contrast and high
angular resolution on large telescopes. The search for proto-
planets embedded within these protoplanetary disks is still in
its infancy, as such planets mostly seem to elude detection so
far. Only a few of them have been robustly detected in both
the IR and Hα, the well-known PDS 70b and c (Keppler et al.
2018; Haffert et al. 2019), and WISPIT 2b (Close et al. 2025;
van Capelleveen et al. 2025), although there is no shortage of
potential candidates (e.g., Hammond et al. 2023; Currie et al.
2025). One difficulty is that postprocessing algorithms tailored
to the detection of point-like sources, making use of angular
differential imaging (ADI, Marois et al. 2006), tend to strug-
gle and bias the final result when applied to extended sources
such as protoplanetary disks (e.g., Milli et al. 2012; Juillard et al.
2022). However, recent developments in postprocessing algo-
rithms, such as iterative principal component analysis (IPCA,
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Stapper & Ginski 2022; Juillard et al. 2024), enable more
unbiased imaging of the birth environments of planets. As a
consequence of these recent improvements, revisiting archival
datasets can prove valuable to study disk morphology and evo-
lution over time, which is key to apprehending planet formation
mechanisms.

HD 135344B (SAO 206462) is a 1.7+0.2
−0.1 M⊙ (Müller et al.

2011) star located at 135.0 ± 0.4 pc (Gaia Collaboration 2023).
This young star (11.9+3.7

−5.8 Myr, Garufi et al. 2018) is a famous
example of a protoplanetary disk exhibiting strong planet forma-
tion signposts, such as spiral arms and a central cavity resolved
in scattered light (Muto et al. 2012; Garufi et al. 2013), as well as
an annular gap in the submillimeter continuum (van der Marel
et al. 2016; Cazzoletti et al. 2018). Although alternative explana-
tions exist, a common interpretation for the existence of these
structures is the interaction with massive companions (Dong
et al. 2015; Price et al. 2018). In the case of HD 135344B,
observations specifically point toward the planet-disk interac-
tion scenario. Thanks to measurements of the proper motion
of stars from Gaia DR3 (Gaia Collaboration 2023), recent stel-
lar flybys (Cuello et al. 2019) were ruled out as the origin of
the spirals (Shuai et al. 2022). Although gravitational instability
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(Lodato & Rice 2004) can also be the cause of spirals in pro-
toplanetary disks, the relatively low mass of the HD 135344B
disk favors the planet hypothesis (Dong et al. 2018). Yet the most
tantalizing clue for a planet-driven origin resides in the dynam-
ics of the spirals, first explored by Xie et al. (2021), which does
not appear consistent with gravitational instability based on spi-
ral rotation rate measurements. Moreover, a subsequent study
by Xie et al. (2024) finds a 0.◦85 ± 0.◦05 yr−1 counterclockwise
rotational motion. This suggests that the HD 135344B spiral
dynamics could be attributed to a driving protoplanet on an orbit
that coincides with a gap and a dust filament observed with
ALMA in Casassus et al. (2021), which they link to a twist in
one of the spiral arms in VLT/SPHERE scattered light images,
already detected in Stolker et al. (2016) in polarized light, at
the location of the dust filament. This hypothetical spiral-driving
companion, if its position coincides with the dust filament found
with ALMA, would be embedded within the disk, rendering any
direct detection challenging. So far, there has been no direct
detection of such a spiral-driving candidate, despite the fact that
this effect was measured in multiple protoplanetary disks (Ren
et al. 2020; Ren et al. 2024).

It should be noted that the study of the HD 135344B spi-
ral dynamics is made slightly more complicated by the presence
of an unresolved misaligned inner disk (Bohn et al. 2022) that
causes shadowing on the outer disk. The shadowed area caused
by the inner disk is variable over periods of time as short as a
day and can affect the apparent morphology of the outer disk,
as observed in Stolker et al. (2016) and Stolker et al. (2017).
Additionally, it was shown that both static and moving shadows
from a misaligned inner disk can hydrodynamically trigger large-
scale spirals (Montesinos et al. 2016), possibly even resembling
planetary signatures (Montesinos & Cuello 2018). However, the
spiral pattern orbital period from the shadow-driven scenario is
expected to be the same as the inner disk precession period, typ-
ically of the order of thousands of years, which the measured
velocity of 0.◦85 yr−1 in Xie et al. (2024) seems to disprove.

Several candidate protoplanets around HD 135344B were
previously proposed in the literature. Using JWST/NIRCam,
Cugno et al. (2024) presented a candidate detection outside the
spirals, located at a separation of about 300 au, with an estimated
mass of 0.8 Jupiter masses. Another candidate at a separation of
28 au, embedded within the protoplanetary disk, was announced
in Maio et al. (2025) based on VLT/ERIS Lp-band observations
of the system.

Here, we aim to investigate the protoplanetary disk of
HD 135344B, its morphology and dynamics over time through
the use of high-fidelity postprocessing algorithms that preserve
the morphology of such extended sources, while leaving the
study of the central cavity and the search for protoplanets embed-
ded within it for future work (Latour et al., in prep.). Similarly
to what Xie et al. (2024) did in polarized light, we measure the
spiral rotation rate in scattered total intensity light in different
wavelength bands, with a longer time baseline, and also analyze
the dynamics of the twist. We describe the observations and data
preprocessing in Sect. 2. Then, we present all of our results in
Sect. 3, and discuss our different interpretations in Sect. 4.

2. Observations and image processing

2.1. Observations

For this study, we used archival observations of HD 135344B,
captured with VLT/NACO, VLT/SPHERE, JWST/NIRCam, and
VLT/ERIS (see Table 1 for all relevant information). Most of

these datasets are still unpublished, but some have already been
analyzed in the literature. This is the case of the 2015 SPHERE
coronagraphic dataset presented in Maire et al. (2017), the 2023
JWST noncoronagraphic observation analyzed in Cugno et al.
(2024), and, finally, the 2024 ERIS coronagraphic dataset ana-
lyzed in Maio et al. (2025). All the SPHERE observations
captured in 2023 and 2024 are noncoronagraphic, nonsaturated
observations captured in the star-hopping mode (Wahhaj et al.
2021). This observing mode provides highly correlated reference
images of a nearby star that make it possible to use a postpro-
cessing algorithm based on reference differential imaging (RDI,
Xie et al. 2022), allowing for a less biased retrieval of the disk
morphology. Contrary to all other datasets, the JWST data were
not used for spiral motion measurements due to imperfect wave-
length match with other observations, which would bias any
estimate of spiral motion. Instead, the JWST/NIRCam data are
used to both search for accreting embedded protoplanets through
the Pa-α (1.87 µm) and Br-α (4.05 µm) lines, and illustrate the
performances of IPCA in recovering the disk structure at these
wavelengths. In Fig. A.1, we also recover the signal found by
Cugno et al. (2024) in the F410M filter.

2.2. Preprocessing

The multiple NACO datasets, all captured in the Lp band, were
calibrated and preprocessed thanks to a pipeline based on Pyn-
Point (Stolker et al. 2019), explained in more detail in a future
publication (Bonse et al., in prep.). The main steps include clas-
sical dark subtraction, flat-fielding, background subtraction, and
precise alignment of the science frames.

Regarding the SPHERE observations, calibration and pre-
processing were performed using the SpeCal pipeline (Galicher
et al. 2018) and the data products retrieved from the SPHERE
data center (Delorme et al. 2017) for the 2015, 2018 and 2023
datasets, while the vcal-sphere pipeline (Christiaens et al. 2023b)
was used for all other datasets. Both pipelines allow for the
full standard reduction procedure for IFS and IRDIS data,
with vcal-sphere further leveraging routines from the Vortex
Image Processing (VIP) package (Gomez Gonzalez et al. 2017;
Christiaens et al. 2023a) for PCA-based sky subtraction, bad
pixel correction, image alignment based on fast Fourier trans-
forms, and automatic bad frame removal.

We obtained the calibrated JWST-NIRCam dataset from
Cugno et al. (2024). We did not apply any additional preprocess-
ing to this dataset, except for a fine subpixel recentering done by
maximizing the cross-correlation between the frames on areas of
the images that excluded the saturated center of the point spread
function (PSF). Finally, the ERIS observation was preprocessed
with a custom pipeline that was adapted from a pipeline ini-
tially developed for NACO datasets, detailed in Christiaens et al.
(2021), also allowing dark subtraction, flat-fielding, background
subtraction, bad pixel correction, and fine image alignment.

Additionally, we rejected bad frames in every dataset by mea-
suring the correlation of all the frames in the datacube with the
median of the cube itself and rejecting a certain percentage of
the worst frames. As the PSF was saturated in some datasets,
the correlation was calculated on an annulus centered on the
PSF core and built in such a way that the saturated core is
excluded from the area considered for the calculation. The per-
centage of rejected frames was determined on a case-by-case
basis depending on the overall quality and stability of the dataset,
ranging from 0 to a maximum of 5% of the total images in the
datacube.
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Table 1. Scattered-light observations used in this work.

Instrument UT date Program Bands Coronagraph ϵ
(′′)

texp
(s)

∆PA
(◦) Reference star

NACO 2013-03-23 090.C-0443(B) Lp / 0.83 10 676 133 HD 134555
2017-05-07 099.C-0883(A) Lp AGPM 1.42 4763 32 /
2017-05-23 099.C-0883(B) Lp AGPM 1.13 5517 33 /
2018-06-01 0101.C-0924(A) Lp AGPM 0.40 3705 54 /
2018-06-02 0101.C-0924(A) Lp AGPM 0.37 3890 128 IRAS 15097-3636
2018-06-29 0101.C-0924(C) Lp AGPM 2.48 2593 105 IRAS 15097-3636

SPHERE 2015-05-14(a) 095.C-0298(A) Y JH
K12

ALC_YJH_S 0.50 4096
4096

63 HIP 98470

2018-03-26 2100.C-5045(B) Y JH
K12

/ 0.53 2688
1876

63 /

2023-05-11 109.23HK.001 Y JH
K12

/ 0.65 1856
1232

12 HD 136533

2023-07-23 109.23HK.001 Y JH
K12

/ 0.53 1856
1232

60 HD 136533

2023-07-24 109.23HK.001 Y JH
K12

/ 0.63 1840
1180

12 HD 136533

2024-03-05 111.24HH.001 Y JH
K12

/ 0.35 1856
1232

58 HD 136533

2024-03-06 111.24HH.001 Y JH
K12

/ 0.58 1856
1232

58 HD 136533

NIRCam 2023-02-16(b) GTO 1179 187N+200W
405N+410M / / 2674 10 /

ERIS 2024-04-18(c) 113.26B2.001 Lp AGPM 0.52 4963 55 /

Notes. The columns provide the instrument used for the observation, the observing night, the program ID, the spectral bands, the coronagraph
used, the average seeing, the total integration time (DIT × Nint), the amount of field rotation (for total intensity observations), and the name of a
reference star if one was used. (a) Published in Maire et al. (2017). (b) Published in Cugno et al. (2024). (c) Published in Maio et al. (2025).

2.3. Postprocessing

For all observing nights, the goal was to retrieve the highest-
quality image of the disk, i.e., the image that captures the most
light from the protoplanetary disk and preserves its morphology
the best. To this end, the IPCA (Juillard et al. 2024) algorithm,
implemented in VIP, is systematically applied to process all
datasets, as it was shown to better preserve protoplanetary disk
structures. Juillard et al. (2024) compared the use of IPCA with
ADI, RDI, or angular-reference differential imaging (ARDI)
and found that the latter generally performs better to retrieve
fainter disk signals. However, in this paper, a fourth strategy, not
mentioned in Juillard et al. (2024), called reference-angular dif-
ferential imaging (RADI), is sometimes adopted. It consists of
making use of iterative RDI first to retrieve the disk signal as well
as possible, and then iterative ADI to better subtract the speckles.
This mode is mainly useful for datasets that do not have much
field rotation. The best parameters for the IPCA reduction were
determined iteratively with a convergence criterion: the flux of
the disk retrieved by the algorithm must stabilize and converge
after a given number of iterations. For the ERIS dataset, we com-
pare images obtained with PCA and IPCA in order to understand
and highlight some artifacts and biases left by algorithms not
suited for extended sources. For the 2015 SPHERE observation,
PCA-RDI with data imputation (Ren 2023) was also used to pro-
duce some high-fidelity images of the protoplanetary disk, as it
is faster and performs as well as IPCA in this case. Data impu-
tation was not usable for any other dataset, as it requires highly
correlated and stable speckles that do not overlap with the disk.

When studying the spiral dynamics, we deprojected the disk
assuming a 16.◦7±0.◦6 inclination from face-on (Bohn et al. 2022).
The uncertainty on the inclination was propagated to the depro-
jected images, but the impact on the spiral traces was found to be
negligible. Assumptions on the disk flaring also had to be made
for the deprojection. Using polarimetric images, Avenhaus et al.
(2018) measured the flaring of multiple disks and found the aver-
age value of α = 1.219 ± 0.026 for the flaring index. This range
led to a negligible impact on the final deprojected images, even
when testing a larger spread of α values than they suggest. As a
consequence, both the uncertainties from the inclination and the
disk flaring were neglected. Finally, we also scaled the images
with an r2 map, with r being the distance to the central star, as
the amount of scattered light decreases with the incident light
as r−2. The r2-scaling, alongside the disk deprojection, is done
to avoid geometric biases when tracing the spirals, for which we
followed Ren et al. (2020).

3. Results

3.1. Disk morphology

The protoplanetary disk of HD 135344B presents a central cav-
ity depleted of gas and dust and two large spiral arms. Figure 1
shows a gallery of the most representative postprocessed images
of HD 135344B in multiple wavelength bands ranging from 1 to
4 microns, using the IPCA algorithm (see Fig. B.1 for the full
gallery of all the disk images obtained for all the datasets used
in our study). The center of the images is masked to enhance
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Fig. 1. Image gallery of the HD 135344B protoplanetary disk at different wavelengths for multiple datasets. The central star is masked and marked
by a white star marker. All of the images were processed using IPCA, except for the images in the YJH bands. North is up, east is left. The yellow
circles indicate the spatial resolution of each image.

visibility by blocking bright signals and noise in the central cav-
ity, the analysis of which will be presented in Latour et al. (in
prep.). Figure 1 suggests that even when using a pure RDI strat-
egy, it is still better to have more field rotation as illustrated
by the lower-quality images for the dataset captured on 2023-
07-24, which only presents 12◦ of rotation. IPCA images of
the JWST observations are also presented in Fig. 1 and show
a great improvement in disk recovery over the simple PCA-
processed images presented in Cugno et al. (2024). Although
JWST/NIRCam also observed HD 135344B in the F410M filter,
the saturation of the central PSF made it impossible to recover

any signal from the protoplanetary disk in that filter; this is why
no image is shown using this filter.

All the structures of the disk are better highlighted in the
r2-scaled images and are fully presented and labeled in Fig. 2,
captured with SPHERE in 2015. The S1 spiral arm takes root
north of the star and extends a full 180◦ around it to 0.′′6. It
exhibits a substructure named the S1 blob at a position angle of
around 225◦. At this location, the spiral arm is visibly slightly
wider and brighter than its surroundings, which is especially
noticeable in the YJH filters. The S2 arm, which extends from
the southwest to the northeast, appears somewhat smaller and
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Fig. 2. View of the protoplanetary disk of HD 135344B at different wavelengths, postprocessing the 2015 coronagraphic SPHERE dataset with
PCA-data imputation, which is the dataset that provides the best-quality images of the disk. The different spiral arms are labeled, along with a
noticeably brighter region of S1 named the S1 blob. The images were r2-scaled and deprojected, and the center of the images is marked by the
white star. The yellow circles indicate the beam size in the IRDIS data, with the black oval the ALMA beam size. The white circle marks the
position of the twist. The traces extracted from the image in the K1 band are illustrated in blue. Overplotted with the K2 filter are the 4-sigma
contours of the ALMA image from Casassus et al. (2021), deprojected assuming no flaring since submillimeter continuum observations trace the
midplane, and rotated according to the 0.85◦ yr−1 value found in Xie et al. (2024), highlighting the overlap between the twist and the dust filament.

Fig. 3. Spiral traces in polar coordinates in the K1 filter in the depro-
jected images. Theta is the angle measured counterclockwise from north
of the central star. In black, labeled ∆r, the typical trace uncertainty, not
shown on each data point to improve readability.

does not have a blob like S1. A much smaller and fainter third
spiral arm, referred to as S3, seems to derive from the southeast
part of S2, but is not as easily detected at all wavelengths.

3.2. Spiral orbital motion

We followed the procedure described in Ren et al. (2020) to
study the dynamics of the spirals. Using the deprojected r2-
scaled images, a Gaussian was fitted to the radial profile of the
flux at 1◦ intervals in order to obtain the radial maxima for each
angle θ. The Gaussian fit was performed on a section of the flux
profile centered on the local maximum, of width determined by
the distance to the closest local minimum in the flux profile. The
resulting (r,θ) pairs for the K1 filter are shown in the middle
panel of Figs. 2 and 3. To avoid redundancy, the traces are only
shown in the K1 band, but the exact same procedure was repeated
for all filters available in our data: YJH, K1, K2, and Lp.

The summary of the results for the spirals’ velocity is
presented in the first three columns of Table 2. Assuming a
rigid-body rotation for the spirals, we measured their motion by
shifting the traces in polar coordinates relative to one another and
finding the angular shift that maximized the cross-correlation
between both traces. The angular shift corresponds to the aver-
age amount of rotation that each spiral has undergone around
the central star in the given time interval between the observa-
tions. The 1σ uncertainties in the measurements were obtained
through a classical bootstrapping method with replacement that
consisted of creating artificial spiral traces by resampling the
trace data points and obtaining the angular shifts for all these
different traces spawned by the original. The standard devia-
tion of the values obtained from 1000 bootstrap iterations was
then defined as our uncertainties in our initial measurement. The
bootstrapping was done independently on each wavelength band
and epoch. For the K1, K2, and YJH bands, the velocity measure-
ments were always measured relative to the 2015 dataset. This
means the angular shift between the 2023 and 2024 datasets,
for example, does not contribute to the final average presented
in the table, in order to keep all measurements fully indepen-
dent of each other. For the Lp band, the measurements were
always done relative to the 2013 dataset. The final values for each
band, and their associated uncertainties, are obtained through
an inverse variance weighted mean. The last line of Table 2 is
the weighted average of all bands, with the uncertainty of the
inverse-variance weighted mean. The velocity of S3 could not
be reasonably determined in the YJH band, as this spiral arm has
an estimated average S/N below two in this band, which is not
enough to obtain a proper spiral trace we can trust, in contrast to
the K1 and K2 bands where this average S/N is above five.

For S1, only the parts of the traces at position angles smaller
than 230◦ were used for the computation of the angular veloc-
ity, as this is where the rigid-body assumption seems to hold, as
Fig. 3 shows that the traces intersect with each other at larger
position angle values (smaller separations). We conducted a
chi-square test on rigid-body versus Keplerian rotation assump-
tions for this section of S1 and found reduced chi-square values
of 1.96 ± 0.82 and 4.57 ± 1.57, respectively. The test thus
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Table 2. Orbital velocity and twist separation measurements.

Band S1 velocity (◦ yr−1) S2 velocity (◦ yr−1) S3 velocity (◦ yr−1) Twist velocity (◦ yr−1) Twist separation (′′)

YJH 0.83 ± 0.14 0.69 ± 0.22 / 1.05 ± 0.27 0.415 ± 0.006
K1 0.80 ± 0.12 0.75 ± 0.13 0.71 ± 0.22 0.75 ± 0.15 0.433 ± 0.025
K2 0.94 ± 0.12 0.85 ± 0.21 0.71 ± 0.19 0.70 ± 0.19 0.427 ± 0.014
Lp 0.83 ± 0.32 0.80 ± 0.29 1.18 ± 0.37 1.18 ± 0.51 0.443 ± 0.022

0.86 ± 0.07 0.77 ± 0.09 0.75 ± 0.14 0.80 ± 0.11 0.419 ± 0.005

Notes. The columns provide, in order, the orbital velocity measurements for all spiral arms, S1, S2, and S3, as well the twist velocity. The last
column is the measured angular separations of the twist. The last line is the weighted average.

significantly favors the rigid-body hypothesis. We note that,
coincidentally, the twist is included in that section of S1, at the
separation of the gap found with ALMA. Additionally, looking
closely at Fig. 2, we notice a faint prolongation of S2, north of
the central star, which seems to extend and merge with S1 in all
wavelength bands. The traces we obtained for the position angles
between 360◦ and 270◦ could be influenced by this effect and are
therefore not trusted for this exercise.

The uncertainty on the individual trace data points, taking
into account the statistical uncertainties of the Gaussian fit, the
uncertainty on the inclination of the disk, and the flaring index
lead to a negligible typical uncertainty of 0.02 pixels (0.25 mas
in K band); hence why no uncertainties are visible in Fig. 3, as
they are too small. However, the centering uncertainty on our
datasets must also be taken into account, as a small centering off-
set can lead to systematic displacements of the trace that could
be interpreted as motion. The centering procedure for the non-
coronagraphic SPHERE datasets was to fit a 2D Gaussian model
to the center of the PSF and apply subpixel shifts to the frames
accordingly. This leads to a typical centering uncertainty of
0.005 pixels (0.06 mas in K band). Centering the coronagraphic
2015 SPHERE dataset based on speckle cross-correlation leads
to a 0.02 pixel uncertainty (0.25 mas in K band). This uncer-
tainty is trickier to estimate for NACO coronagraphic datasets
as the centering of the star behind the coronagraph is not as
straightforward. Godoy et al. (2022) cites a 0.2-pixel uncertainty
(5.4 mas in Lp band). For the ERIS vortex coronagraph, we
estimate approximately a 0.1-pixel (1.3 mas in Lp band) point-
ing uncertainty from Orban de Xivry et al. (2024). Assuming a
0.2-pixel systematic shift in the same direction for all the dat-
acube frames, which is the worst case scenario as one could
assume those shifts should be roughly equally distributed in all
directions, this shift is sufficient to lead to an estimated aver-
age measured displacement of the spirals of about 2◦ in NACO
data. Considering that the angular shifts measured are of the
order of 5–10◦ depending on the datasets, this is significant;
however, it remains a high upper bound on the uncertainty due
to recentering as the assumption of a systematic shift remain-
ing constant all throughout the observation is unlikely, and we
assume it is not the case with our observations. Nevertheless, the
Lp results uncertainties should be taken with care. In contrast,
with the same assumptions, this average displacement is only of
about 0.01◦ for SPHERE noncoronagraphic data, and 0.06◦ for
the sole SPHERE coronagraphic dataset, and 0.3◦ for the ERIS
data. Additionally, the results in the Lp band also take advantage
of two different instruments, NACO and ERIS. Inter-instrument
systematics may introduce additional error sources. Yet, using
only the NACO datasets, or including ERIS in the measurements,
does not change significantly the final values presented, except

for the uncertainty that is lowered when adding the ERIS data
thanks to the longer time baseline.

We also estimated the effect of the seeing and, more pre-
cisely, the PSF size on the recovered spirals traces, and found it
to be negligible. Between datasets, the full width at half max-
imum (FWHM) varies by no more than 5 mas, the most in
Lp band, and convolving our images with PSFs of differing
FWHM within that range does not significantly change the
recovered traces, with an uncertainty of 0.8 mas on the trace
radial location. The uncertainty on the true north (TN) correc-
tion must also be taken into account but was deemed negligible
except for the NACO instrument. The values are shown in
Table C.1. Uncertainties on the trace position associated with
the postprocessing algorithms are difficult to quantify, but our
tests suggest that the final images are robust to a wide range of
postprocessing parameters. The measured dispersion on the trace
radial locations is typically inferior to 0.13 pixels (1.6 mas in K
band) for different IPCA parameters, such as the number of itera-
tions that we varied between 20 and 200, the number of principal
components subtracted ranging from 1 to 20, and the reduction
strategy changed between ADI, RDI, ARDI, or RADI. The traces
extracted from the two datasets captured one day apart in 2024
differ only by about 0.1 pixels (1.2 mas in K band), which is
consistent with the typical uncertainty found for different IPCA
parameters. This stability of the recovered disk with IPCA is in
agreement with Juillard et al. (2024), who detailed the perfor-
mance of the IPCA algorithm. Despite its excellent performance
for most datasets, there are still some limitations to the use of
IPCA, especially for datasets with a low parallactic angle rota-
tion or with only an ADI strategy available, where the disk is
not fully recovered (see Fig. B.1). This is the case for the 2017
NACO observations that were not used in our measurements
as the disk could not be recovered at all. The 2018 SPHERE
dataset, processed with ADI only, is also clearly subject to self-
subtraction of the disk; however, the measured dispersion on the
trace radial location is the same as for RDI observations, and it is
therefore still used in our measurements. Except for NACO, the
internal statistical uncertainties dominate over the uncertainties
due to the IPCA reduction and other instrumental systematics, as
expected from the instrumental stability of SPHERE over time
(Maire et al. 2021).

3.3. Dependence on the wavelength

Following a similar procedure, we set out to assess the impact of
the wavelength on the trace of the spirals. However, deproject-
ing the disk requires assumptions for the disk flaring, which is
dependent on the wavelength. As such, we opted not to depro-
ject the images for this exercise, as any assumption on our part
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Fig. 4. Spirals traces in polar coordinates for the same observation
(SPHERE 2015) at different wavelengths. Theta is the angle measured
counterclockwise from north of the central star. Contrary to Fig. 3,
images were not deprojected here. S3 is not included as it was not well
detected in all wavelength bands. In black, labeled ∆r, the typical trace
uncertainty, not shown on each data point to improve readability.

Fig. 5. Zoomed-in view of the spirals trace for the 2015 SPHERE obser-
vation. A single and two-spiral fit are compared. The vertical line shows
the break point (the twist) found by the model between the two spirals
for the two-spiral fit, along with its uncertainties in the shaded area.

could bias the results. Also, the disk being almost face-on means
that any deprojection effect should be minimal, and a reason-
able trace can be obtained without deprojecting. The results are
visible in Fig. 4, using the 2015 SPHERE data, which were cho-
sen for illustration as they provide the best quality images of
the disk within a great wavelength range. The other datasets
show the exact same trends. For both spiral arms, we observe
the spirals moving away from the central star with increasing
wavelength, although this tendency is much stronger for S1 than
S2. No proper measurements could be obtained for S3.

3.4. S1 twist

Here, we investigate the twist that was already observed in scat-
tered light in the structure of S1 (Stolker et al. 2016; Casassus
et al. 2021). To do so, we fit a simple logarithmic spiral of
equation,

r(θ) = a exp(bθ), (1)

Fig. 6. FWHM of S1 in the K1 filter, and measured in the 2015 SPHERE
observation. The break point indicating the detected twist is also shown
and is located exactly where the spiral arm is wider.

to the trace of the spiral, with real numbers a and b. Then, we
allow for a more complex double-spiral model, in which a break
point is built in. Beyond this break point, the spiral is assumed to
follow a logarithmic spiral with parameters that have changed
with respect to the first section. This can be summarized as
follows

r(θ) =
{

a1 exp(b1θ), θ < θc
a2 exp(b2θ), θ > θc,

(2)

with θc the break point between both spiral models. Continu-
ity was not strictly enforced at θc. The location of the break
point was left entirely as a free parameter in the double-spiral
model, bringing the total to five free parameters. A comparison
of the single and two-spiral fits for the 2015 SPHERE dataset
in the K1 filter is shown in Fig. 5. It is clear that the double-
spiral model fits the data much better. The model finds the break
point at a position angle of 216.◦58 ± 1.◦65. Based on this model,
we can then track the motion of this structure over time and
infer its orbital velocity by independently fitting the two-spiral
model to all epochs and wavelengths. Figure D.1 shows the posi-
tion of the twist as a function of time in all wavelength bands,
displaying a clear trend for its motion, despite relatively large
uncertainties. The results of this analysis are displayed in the
second-to-last column of Table 2. The possibility of a discon-
tinuity was entertained as a way to more closely resemble the
model used in Casassus et al. (2021). However, enforcing con-
tinuity at the break point did not have a great impact on the
resulting fit and angular location of the break point. Our obser-
vations do not seem to confirm the theoretical framework used
in Casassus et al. (2021) to model the twist in the spiral, as the
fit on our data results in a reduced chi square value of 59.9 ± 6.6
compared to 2.6 ± 0.2 for our two-spiral model.

When fitting a Gaussian to the radial profile of a spiral, the
centroid of the Gaussian gives us the spiral trace, but we also
retrieved the FWHM, which can then be interpreted as a met-
ric for the width of the spiral. For S1, a clear correlation can be
observed between the spiral arm width and the twist, as the lat-
ter is always enclosed, or at the boundary, of a wider section
of the arm, as illustrated in Fig. 6. This wider section of the
arm can be recognized as the S1 blob, as named in Fig. 2 and
already identified in Maire et al. (2017). This blob also generally
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looks brighter than its surroundings. Additional measurements
are included in Fig. E.1 and show the S1 blob in multiple epochs
and wavelengths. While our data show that the twist position is
coincident with the S1 blob, it does not allow us to definitely link
the twist to the S1 blob as we are unable to measure reliably the
motion of this morphological feature and confirm that it is co-
moving with the break point that we measure. A close-up view
of the twist with the blob over multiple epochs is also available
in Fig. E.2.

4. Discussion

4.1. Spiral-driving protoplanet

Multiple elements in our results, along with previous work on
this protoplanetary disk, hint at the existence of a spiral-driving
protoplanet that remains undetected so far. Our orbital velocity
measurements presented in Table 2 are in general agreement with
the value of 0.◦85 ± 0.◦05 yr−1 found by Xie et al. (2024) in polar-
ized light. To find this value, they assumed that the arms are
co-rotating, as their measurements seemed in agreement with
that hypothesis. Here, we fitted the orbital velocity of each spi-
ral arm separately, at multiple wavelengths in scattered light.
Although our larger uncertainties mean that we cannot rule out
that the spiral arms indeed co-rotate, there seems to be a trend
for S2 to rotate slightly slower. Nevertheless, the orbital velocity
we found for S1 is perfectly consistent with the measurement of
Xie et al. (2024) for all wavelengths tested. If we assume that the
spiral arms and the twist co-rotate, our measurements in Table 2
yield an average orbital velocity of 0.◦81 ± 0.◦05 yr−1, with the
inverse-variance weighted mean uncertainty. This is in agree-
ment with their prediction for a spiral-driving protoplanet at a
radius of about 0.′′49 ± 0.′′02 (i.e., 66 ± 3 au), assuming a circular
orbit with the same period as the spiral arms. Our value results
in a semi-major axis estimate of 69 ± 4 au.

Additionally, Casassus et al. (2021) noticed, with ALMA, the
presence of a dust filament that bridges an annular gap. They
also noted that the position of the twist seen in scattered light
in Stolker et al. (2016) roughly coincides with this dust filament.
This dust filament and twist overlap in terms of orbital distance
with the protoplanet suggested by the spiral velocity measure-
ments of Xie et al. (2024). Here, we detect this twist again, at
multiple wavelengths, and find an orbital motion that is consis-
tent with it co-moving with the rest of the spiral arm in terms
of angular velocity (see Table 2). This seems to indicate that
the twist is indeed linked to the same phenomenon that causes
the spiral arms, the annular gap, and the dust filament in the
submillimeter continuum all at once; all of which may point to
the existence of a protoplanet, even though other explanations,
like multiple perturbers or more complex spiral dynamics could
potentially also explain the same observations, and the positional
coincidence of the twist with the dust filament is not definite
proof that they are both physically linked. The twist can also
be linked to a blob found in S1 as well, whose position follows
the rest of the spiral arm. We also noticed that the twist appears
closer to the central star than suggested by the spiral-driving
orbit found by Xie et al. (2024). Indeed, they cite a separation of
0.′′49± 0.′′02, while we find the twist at about 0.′′419± 0.′′005 (see
the last column of Table 2). While it may be that the orbit is not
circular, we posit that this has more to do with the dependence
of the spiral trace on the wavelength of observation, as different
wavelengths probe different layers of the protoplanetary disk, as
discussed in Sect. 4.2.

We attempted to directly detect a point-like source for this
hypothetical protoplanet but were unsuccessful. The SPHERE
data from 2015 offer the highest-quality images of the disk
but do not present any sign of a point-source in the disk, as
already noted by Maire et al. (2017). We initially hoped that the
JWST-NIRCam observation could shed new light on this hypo-
thetical protoplanet, but no point-source is detected with IPCA,
as shown in Fig. 1, despite the filter F187N being centered on
Paschen-α and F405N on Brackett-α that could be emitted by
accreting giant planets (Aoyama et al. 2018). Nevertheless, it
can be noticed that the F405N image presents a brighter region
southeast of the central star, roughly at the position of the twist;
however, we do not consider this robust enough to claim a detec-
tion. Astrometry measurements provide a radial separation of
0.′′45 ± 0.′′04 and a position angle of 213.◦4 ± 5.◦7, which is con-
sistent with the twist position. We also obtained a rough estimate
of the apparent excess flux on top of the flux from the spiral arm
in the F405N filter: 0.5+0.7

−0.3mJy.

4.2. Spectral signature

Figure 4 shows the dependence of the spiral traces on the wave-
length. The traces appear to move away from the central star as
the wavelength increases, as the angular separation of the twist
in different bands seems to confirm in Table 2. A similar effect
was already observed in Table 1 of Zhong et al. (2024) on the
RX J1604.3-2130 disk, which is in an almost face-on orienta-
tion like HD 135344B. Using 3D hydrodynamical simulations,
Zhu et al. (2015) studied the structure of spiral shocks induced
by young planetary-mass companions and found that the shocks
curl inward toward the central star as they get farther away from
the disk midplane. Combining this with the fact that different
observing wavelengths probe different depths of the protoplane-
tary disk, this could explain the trend that emerges from Fig. 4.
The full analysis of this effect is beyond the scope of the present
study. However, a rudimentary argument can be used to highlight
some discrepancies between this model and the data. Longer
wavelengths probe deeper layers of the disk, which, based on
the 3D structure found by Zhu et al. (2015), is indeed consistent
with the traces appearing closer to the star at shorter wave-
lengths. Nevertheless, a simple geometric argument implies that
this effect should be stronger at the near side of the disk rather
than at the far side. This is the opposite of what we observe, as
the effect is visibly less apparent for S2, located at the near side
according to Stolker et al. (2016).

4.3. ERIS protoplanet candidate

Maio et al. (2025) proposed the detection of a candidate proto-
planet located 87◦ west of north, at a separation of approximately
0.′′2, and a contrast of ∼3 × 10−3. We conducted an independent
analysis of the same dataset and successfully retrieved the can-
didate using a PCA-ADI algorithm with a number of principal
components similar to the ones they did. However, we also ran
the iterative PCA algorithm in an attempt to reduce the geomet-
ric biases of ADI on the extended protoplanetary disk, which
resulted in the candidate detection blending with the rest of the
disk in the final image. The comparison of our PCA and IPCA
reductions is shown in Fig. 7. This highlights how embedded
within the disk this candidate would be and suggests that it may
result from the disk being filtered into a point-like source by
the ADI algorithm. Additionally, the measured spiral rotation
rate suggests that a companion driving the spirals would not be
located at this separation.
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Fig. 7. ERIS images processed with PCA (left) and IPCA (right). The
center of the images is masked and marked by the white star marker.
The candidate found in Maio et al. (2025), detected as they did in the
left image with PCA, is marked by the red cross on both images.

In addition to this reanalysis of the ERIS dataset, we checked
all our NACO observations in the Lp band to assess whether
this candidate was previously detected, which would reinforce
the argument that this is a genuine point-like source. However,
the candidate was not robustly detected in any previous datasets.
While blobs and overdensities were found in the disk at different
positions and epochs, none of these detections were consistent
with an object on a Keplerian orbit, rather suggesting a high risk
of filtering the spirals and the disk with PCA-ADI.

In order to test whether the geometric biases of PCA-
ADI postprocessing can produce point-like sources, as observed
by Maio et al. (2025) for the specific disk morphology of
HD 135344B, we ran a test experiment applying PCA-ADI on
a simulated datacube containing only a PSF and the protoplan-
etary disk with no point-source within. We started by selecting
the highest-quality image of the disk obtained with NACO in the
Lp band (epochs 2018-06-01 and 2018-06-02). These disk images
were injected into another NACO dataset obtained on a refer-
ence PSF, so we reconstructed an artificial dataset with the same
parallactic angle vector as the Maio et al. (2025) dataset. The
result is displayed in Fig. 8 and shows that the geometric biases
induced by PCA-ADI can create point-like sources with nega-
tive side lobes, similar to the one reported by Maio et al. (2025),
which casts additional doubts on this tentative detection.

5. Conclusions

We analyzed the HD 135344B protoplanetary disk in scattered
light at different near-infrared wavelengths over close to a 10-
year baseline. We measured the rotation rate of both spirals and
found a value of 0.◦81±0.◦05 yr−1, consistent with the most recent
measurement in Xie et al. (2024) of 0.◦85 ± 0.◦05 yr−1. Although
our uncertainties do not allow us to reject the hypothesis that
the arms are co-rotating, we find a slight trend of S2 moving
more slowly than S1. The hypothesis of a spiral-driving proto-
planet, already proposed by Xie et al. (2024) is in agreement
with our findings, as we confirmed the presence of a twist in
S1 and showed that its motion is consistent with the average
motion of the rest of the spiral, at the orbital velocity expected
from Xie et al. (2024). This does not rule out other hypothe-
ses, such as multiple planetary perturbers and complex disk
interactions that may still be able to explain the data. The posi-
tion of this twist coincides with the dust filament discussed in
Casassus et al. (2021). However, we did not find any direct hint

Fig. 8. NACO images produced with IPCA (left) from which the disk
was extracted to inject in a NACO reference datacube. PCA-processed
image of the fake datacube (right). The location of the candidate found
by Maio et al. (2025) is marked by the red cross, while the black cross
marks point-like artifacts generated by the ADI postprocessing, which
also exhibit what could be interpreted as negative side lobes. The white
star marks the center of the images while the yellow circle illustrate the
size of the FWHM.

for a protoplanet at that location in our datasets. We also mea-
sured the wavelength dependence of the angular distance of the
spiral traces from the central star, noting a perplexing difference
in the strength of this effect between both spiral arms, which a
pure geometrical argument alone cannot account for.

Lastly, we conducted an independent analysis of the ERIS
data presented in Maio et al. (2025). Our analysis suggests that
the candidate point-like source presented by Maio et al. (2025)
is an artifact caused by the use of PCA-ADI processing on the
extended protoplanetary disk. We also did not find any sign of
this candidate source in any of our other datasets, whether in
the Lp band or at other wavelengths, and the measured spiral
rotation rate does not indicate the presence of a protoplanet at
that separation.

Data availability

All disk images presented in Fig. B.1 are available at
the CDS via https://cdsarc.cds.unistra.fr/viz-bin/
cat/J/A+A/711/A292. Some of the data used in this paper
were obtained thanks to the Mikulski Archive for Space Tele-
scopes (MAST) at the Space Telescope Science Institute and can
be accessed via DOI: 10.17909/65md-vq43.
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Appendix A: JWST candidate

Cugno et al. (2024) presented a candidate protoplanet at a sep-
aration of 2.′′2, detected with JWST in the 410M band only. Our
reprocessing of the data, after a fine recentering of the images,
recovers the candidate detection, with an SNR of 2.4 only. This
candidate is unlikely to be the object driving the spirals as it
does not match the orbital velocity measurements presented in
Xie et al. (2024) and in this work, though that is not enough to
rule out this hypothetical companion.

Fig. A.1. PCA image in the F410M filter captured with JWST-NIRCam.
The candidate found by Cugno et al. (2024) is marked by the black cross.

Appendix B: Image gallery

All the datasets in our possession were systematically processed
with algorithms that try to minimize as much as possible the
biases related to ADI and preserve as well as possible the
morphology of the disk. Figure B.1 shows the full gallery of
images. Strategies to obtain the highest-fidelity images of the
disk included using RDI when possible, combined with IPCA.
Data imputation was also used, for the 2015 SPHERE dataset
only.

We notice that the datasets with the smallest field rotation
produce the worst images of the disk, especially if there is no
reference star to enable an RDI strategy, in which case the disk
is significantly self-subtracted and unrecoverable with our algo-
rithms. This is the case for the two NACO observations captured
in 2017. Even when we only use RDI and no ADI, we find
that a sufficient field rotation is still beneficial, as illustrated by
the difference in quality between the SPHERE 2024-03-06 (58◦
rotation) and SPHERE 2023-07-24 (12◦ rotation), despite similar
seeing and observing time.

Fig. B.1. Gallery of the best disk images obtained for all datasets at
all wavelengths bands available. The white star marks the center of the
images and the yellow circles illustrate the resolution of each image.

Appendix C: True north correction

As the TN corrections are crucial for an accurate measurement
of the spirals’ dynamics, Table C.1 contains the TN values we
used for each instrument.

Table C.1. TN corrections applied.

Instrument TN correction (◦) Reference

NACO 0.572 ± 0.178 Launhardt et al. (2020)
SPHERE −1.75 ± 0.08 Maire et al. (2016)
ERIS 4.670 ± 0.016 ESO (2024)
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Appendix D: Twist position

We measured the position of the twist in every dataset and wave-
length bands, except for the two NACO observations in 2017 that
do not detect the disk well enough. Figure D.1 shows its position,
with the associated uncertainties, for all epochs and wavelengths
bands, illustrating its motion over time.

Fig. D.1. Position of the twist found in S1 as a function of time.

Appendix E: S1 blob motion

We measured the FWHM of the S1 arm in every dataset and
found a correlation between the twist position and the wider
section of the S1 arm. However, we were not able to show con-
clusively that this blob is moving along with the twist, as shown
in Fig. E.1, though there seems to be some hint of motion in the
same direction expected as the twist. This is visualized in Fig.
E.2. The uncertainties on our measurements and the variations
from one dataset to another, probably due to the recovery of the
disk signal not being perfect with IPCA, or due to variable shad-
owing effects on the disk, prevent a rigorous measurement of the
blob motion. Additional high-quality observations and observing
time comparable to the 2015 dataset would be needed to obtain
more robust measurements. We do not reliably detect this blob
in Lp band, while it is best seen in YJH band, which we attribute
to the angular resolution.

Fig. E.1. Measured FWHM of the S1 arm at all available wavelengths.
The vertical lines along with the shaded areas on either side represent
the twist position and its associated uncertainties.
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Fig. E.2. Close-up of the blob in YJH band in three different epochs. The location of the twist and its associated uncertainties are marked by the
black cross, visualizing the apparent connection between the twist and the wider section of S1.
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