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ABSTRACT

Context. Direct imaging enables the characterisation of substellar companions on wide orbits. These objects provide a testbed for our
formation theories; therefore, it is important to obtain accurate physical parameters for them. One of these objects is YSES 1 b.

Aims. Our objective is to improve the spectral energy distribution (SED) modelling of YSES 1 b and determine the bulk and atmo-
spheric parameters.

Methods. We obtained observations in the 7/, i’, and 7’ bands using MagAO-X on the 6.5 metre Magellan Clay telescope at Las Cam-
panas Observatory. We combined this data with archival VLT/SPHERE and VLT/NACO data and used a forward-modelling approach
to estimate the physical parameters. We tested models both without and with a circumplanetary disc (CPD) model. We represented
the CPD by including a dust extinction model and a blackbody radiation component. Using the derived bolometric luminosity, we
estimated the mass of YSES 1 b by fitting evolutionary models.

Results. Including the CPD model provides a significantly better fit to the photometric data, yielding an object that is considerably
warmer (2854*31° K vs 1727*172K) and smaller (1.58*3% R; vs 3.0*)2 R) than previous estimates. The newly determined radius sug-
gests that the addition of dust extinction could resolve the large radius anomaly identified previously. Depending on the age of the
system, the estimated mass increases from 14 = 3 M; (17 Myr) to either 25.775¢ (17 Myr) or 41.6*3$ My (27 Myr).

Conclusions. Dust extinction and blackbody radiation from a CPD can substantially change the estimated physical parameters of an

object. For YSES 1 b, this moves it into the brown dwarf regime.

Key words. instrumentation: high angular resolution — planets and satellites: atmospheres —

planets and satellites: individual: YSES 1 b

1. Introduction

Direct imaging of exoplanets provides valuable information on
planet formation and demographics. The sensitivity of current
instrumentation enables the detection of young, giant, self-
luminous planets on orbits with semi-major axes from tens
to hundreds of AU, which is a population of objects almost
exclusively accessible through direct imaging (Currie et al.
2023). Furthermore, because photons are detected directly from
the objects themselves, atmospheric characterisation is pos-
sible, which improves our physical understanding of these
companions.

* This paper includes data gathered with the 6.5 meter Magellan
Telescopes located at Las Campanas Observatory, Chile.
** Corresponding author: m.darcis@sron.nl

One of the systems that provides an interesting test for
our planet formation theories is YSES 1, a young solar-type
star located in the Lower Centaurus Crux subgroup of the
Scorpius-Centaurus association (Pecaut & Mamajek 2016). Two
substellar-companions (YSES 1 b and c¢) are known to orbit
at projected separations of 160 AU and 320 AU (Bohn et al.
2020a,b). Initial spectral energy distribution (SED) fits using
photometric data from 1-5 um provided mass estimates of 14 +
3 M and 6 + 1 M, respectively.

Since its discovery, YSES 1 b has received considerable
observational follow-up. Abundance ratios have been measured
to investigate the formation history. Zhang et al. (2021) first
measured the '2CO/!3CO isotopologue ratio using medium-
resolution K-band data from VLT/SINFONI and report an
enriched value of 31f}(7). A subsequent analysis based on
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Table 1. MagAO-X observations.

Date Filter g, weg (um)  Detector NEXPXNDITXDIT (1x1xs) Field rotation (deg) Airmass
2023/03/07 r 0.614,0.109 camsci2 48x1x30 8.03 1.31
2023/03/07 i’ 0.762,0.126  camscil 83x1x30 13.10 1.32
2023/03/07 b 0.909,0.132  camsci2 32x1x30 4.76 1.34

Notes. MagAO-X has two science cameras: camscil and camsci2. We set the EMCCD gain to 1. The parameters A, and weq represent the central
wavelength and effective width of the filters. NEXP is the number of exposures, NDIT refers to the number of sub-integrations per exposure, and
DIT is the detector integration time in seconds for a single sub-integration. The reported airmass is an average value during the observation. The

average seeing was approximately 0.75 arcseconds during the night.

VLT/CRIRES+ observations provides a different value of 88 +
13 (Zhang et al. 2024). Despite the discrepancy between the two
retrieved '2CO/'3CO ratios, both datasets suggest a solar-like
C/O ratio. More recently, Roberts et al. (2025) constrained the
orbit of YSES 1 b using archival astrometry, radial velocity data,
proper motion measurements, and new VLTI/GRAVITY data.
They find a moderate eccentricity of 0.44 + 0.20, indicating a
complex dynamical history. They also revise the semi-major axis
to a slightly smaller value of 146t}8 AU.

In addition to measuring abundance ratios, Zhang et al.
(2021) detected emission from the Brackett vy line, suggesting
that the companion is still accreting from a circumplanetary
disc (CPD). Holstein et al. (2021) attempted to detect the CPD
using polarimetric observations but only found an upper limit.
Another possible inference of the existence of a CPD is the rela-
tively low projected rotational velocity measured in Zhang et al.
(2024), where magnetic braking from the CPD slows down the
rotation. More substantial evidence for the CPD recently came
from James Webb Space Telescope (JWST) spectroscopy (Hoch
et al. 2025). Based on the infrared excess in the SED, the best
fit results in a blackbody disc temperature of approximately
500 K and a disc radius between 8.5-20R;. They explain a
broad emission feature at 8—11 pm by sub-micron olivine grains.
Recently, Julo et al. (2025) used VLT/MUSE to measure the He,
Hp, Call H&K triplet, and Hel emission lines associated with
accretion. From the He line they estimated an accretion rate of
~1.45 x 1079919 My/year. These findings place YSES 1 b within
a small group of known substellar companions that host a CPD.
Other notable objects include GQ Lup b (Stolker et al. 2021),
PDS 70 c (Benisty et al. 2021; Haffert et al. 2019), GSC 6214-
210 b (Bowler et al. 2011; Bailey et al. 2013; Bowler et al. 2015),
DH Tau b (Zhou et al. 2014), CT Cha b (Cugno & Grant 2025),
and Delorme 1 (AB) b (Betti et al. 2022; Demars et al. 2025).

In this paper, we extend the photometric data of YSES 1b
to the optical bands using observations from the MagAO-X
instrument (Males et al. 2024). Together with archival photo-
metric data, we update the SED modelling of YSES 1 b and
its CPD by including dust extinction and a blackbody emis-
sion component. Section 2 presents the MagAO-X observations
and the data reduction to retrieve the contrast and astrometry.
Section 3 presents the results of our SED fits and mass estimates.
Section 4 discusses the implications of these results. Section 5
presents the conclusions.

2. Observations

We observed the YSES 1 system using MagAO-X on the
6.5 metre Magellan Clay telescope at Las Campanas Obser-
vatory. The MagAO-X extreme adaptive optics instrument is
designed for high-contrast imaging in the visible to near-infrared
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(Males et al. 2024; Close et al. 2018). It uses a pyramid wave-
front sensor in combination with a woofer-tweeter deformable
mirror (DM) setup for high-order wavefront control. It uses an
additional DM for non-common-path correction. The science
arm consists of two electron-multiplying CCDs (EMCCDs),
camscil and camsci2, which perform simultaneous observa-
tions in two different filters'.

Table 1 summarises the observations performed on 7 March
2023. We acquired the observations in pupil-tracking mode to
provide angular diversity, enabling the removal of diffraction
from the central star (Marois et al. 2006). We did not use a coron-
agraph during the observations. We obtained data in three filters:
v, i’, and 7. We measured the i/ band with camscil, while the
r’ and 7’ band were obtained with camsci2. In addition to the
science data, we took a set of dark frames for both cameras.

We processed the MagAO-X observations using PynPoint
version 0.11.0 (Stolker et al. 2019). The PynPoint package
reduces high-contrast imaging datasets and uses principal com-
ponent analysis (PCA) to subtract the point spread function
(PSF) of the host star (Amara & Quanz 2012). We began the
data reduction by subtracting the median dark frame. We then
rescaled the images along the x-axis to account for the different
plate scales of the x and y axes, following Table 4 in Long et al.
(2025). We aligned and centred individual frames on the host
star in a series of steps. First, we determined the stellar centre
in each frame to pixel accuracy by locating the maximum value
after smoothing it with a two-dimensional Gaussian kernel with
full width at half maximum (FHWM) of 30 mas. Second, we reg-
istered the frames by cross-correlating each frame with a subset
of randomly selected reference frames to determine the average
offset and then resampled the frames using spline interpolation.
Finally, we applied an additional shift to place the star in the
centre of the frames. We removed frames with poor seeing con-
ditions based on aperture photometry of the unsaturated host star
PSF to produce the final dataset for angular differential imaging
(ADI) processing. We discarded frames in which the host flux
was lower than 3-sigma below the maximum measured flux. This
led to 6, 17 and 4 frames being removed in the #/, i’ and 7’ bands,
respectively.

We applied PCA to estimate the PSF of the host star in every
frame. We subtracted the first PCA component and derotated
the frames, taking into account rotation corrections of 1.53 and
1.50 degrees for camscil and camsci2, respectively, to orient
north upwards (Long et al. 2025). We took the median values to
produce the resulting images.

Figure 1 shows the final images for each filter. We applied
an additional Gaussian smoothing with a 30 mas FWHM kernel

I https://magao-x.org/docs/handbook/observers/filters.
html
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Fig. 1. Reduced MagAO-X images of the YSES 1 system in the 7/, i’ and 7’ filters after PCA-based PSF subtraction and Gaussian filtering. The
point sources on the top are confirmed background stars (Bohn et al. 2020a). YSES 1 b is recovered in the i’ and 7’ bands with an S/N of 13.0 and

11.2, respectively.

to reduce the high-frequency noise left over from the PSF sub-
traction and to highlight the companion. We clearly detect YSES
1bin the i’ and 7’ filters with signal-to-noise ratio (S/N) of 13.0
and 11.2, respectively. We estimated the S/N by comparing the
companion signal to the noise in an annulus at the same sep-
aration, which at these distances is assumed to have a normal
distribution. We do not detect YSES 1 b in the 7’ filter.

We obtained the photometry and astrometry of YSES 1 b in
the i/ and 7’ bands using the negative artificial planet injection
technique implemented in PynPoint, in which we subtracted
a template PSF at the approximate location of the companion
in each frame to remove its signal in the post-processed image
(Stolker et al. 2020). We then determined the contrast and posi-
tion of the companion by scaling and moving the PSF template
to minimise the residuals.

We estimated the companion PSF in each frame based on
the host star PSF by selecting a region of 0.35arcsec around
the star. We then performed a simplex minimisation to deter-
mine a first estimate of the best-fit contrast and position. We
used these values as initial conditions for a Markov chain Monte
Carlo (MCMC) analysis to retrieve the posterior distributions of
the parameters (MacKay 2003). We selected a total of 50 walk-
ers and 2000 steps per walker for the sampling. We applied a
burn-in of 120 samples and thinned the chain by selecting every
18th sample based on autocorrelation analysis. We show the pos-
terior distributions in Appendix A. In addition to the MCMC
estimates, we also analysed possible systematic errors using the
injection of artificial planets as described in Stolker et al. (2020).
Appendix B details the distributions for the contrast, separa-
tion, and position angle offsets. We produced the final contrast,
separation, and position angle by adding the bias estimates
and adding the uncertainties in quadrature. Table 2 provides a
summary of the results for both the i and 7’ filters. The sep-
aration and position angle are consistent with the GRAVITY
measurements reported in Roberts et al. (2025).

Since there is no detection in the 7’ filter, we approximated
the flux as a Gaussian with zero mean and a standard devia-
tion equal to the 1o upper limit. Using artificial planet injection
at the separation of YSES 1 b to estimate the amount of self-
subtraction, we derive a 1o- magnitude-contrast upper limit of
12.24 mag.

3. Analysis

We revisited the physical modelling of YSES 1 b using a com-
bination of the MagAO-X photometry obtained in Section 2 and
archival SPHERE and NACO data (Bohn et al. 2020a). Here, we
present the SED fitting and mass estimation.

3.1. Photometric calibration

Converting the derived contrasts in the MagAO-X filters to
apparent magnitudes requires a flux calibration of the host star.
To achieve this we performed an SED fit to existing photometric
data. For the stellar atmosphere we employed the BT-Settl-
CIFIST model (Allard 2013). We used the species package
to estimate the posterior distributions of the model parame-
ters using a nested-sampling approach (Stolker et al. 2020).
Figure 2 shows the results. We used 17 photometric points from
TYCHO (Hgg et al. 2000), APASS (Henden et al. 2016), GAIA
(Gaia Collaboration 2023), DENIS (Epchtein et al. 1999),
2MASS (Cutri et al. 2003) and WISE (Cutri et al. 2012).
We set the distance of the system to 94.067 + 0.105 (pc)
(Bailer-Jones et al. 2021). An initial Virtual Observatory SED
Analyzer (VOSA) fit detected infrared excess from W1 onwards;
we therefore discarded the WISE data for the final SED fit (Bayo
et al. 2008). The stellar atmospheric parameters included in the
fit are the effective temperature (7g), surface gravity (logg),
stellar radius (R,), and extinction in the visible band (Avy).
Table 3 summarises the derived values from the fit and
Appendix C presents the corresponding posterior distributions.
The reduced chi-square of the best SED fit is 1.28. We took
this best-fit model to calculate the synthetic photometry in
the MagAO-X filters and find apparent magnitudes of 10.50,
9.93, and 9.64 for the r/, i’, and 7’ filters, respectively. We use
these values throughout the remainder of this work to convert
MagAO-X contrast into flux.

3.2. SED fit

In addition to MagAO-X data, we used SPHERE and NACO
photometry to perform the SED fits. For the SPHERE data we
used the measurements in the Y2,Y3,J2,J3, H2, H3,K1, and
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Table 2. YSES 1 b contrast and astrometry estimates from MagAO-X images.

Filter ~Measured contrast (mag) Bias offset (mag) Final contrast (mag) Separation (mas) Position angle (deg)
r 12.24 (10 upper limit)

i 10.09 = 0.07 -0.07 = 0.07 10.02 £ 0.10 1713 + 3.6 212.20 £ 0.10

4 8.63 + 0.08 -0.02 + 0.08 8.61 +0.11 1712 £2.8 212.26 £ 0.06

Notes. The error bars on the astrometry are likely underestimated. Propagation of the plate-scale uncertainties from Long et al. (2025) increases
the error bars on the separation to 7 mas, but this is an underestimate because we observe relatively large variations between observing runs.

) g # TYCHO
10712 T~ — # APASS
\ Gaia DR3
DENIS
10-13k 2MASS 4
_ # WISE
\
g
= 10*14
b
g
g
~ 10-19
i
10—10
-7l Ter=1732K 1ogg = 4.5, R. = 1.0 Re, Av = 0.1 log L./Lo =-0.33
E 1
_2sf . ' y
5
~ n
~ 0.0
5 ]
-2.5¢ L L
100 10!

‘Wavelength (pm)

Fig. 2. YSES 1 SED fit. The photometric points are colour-coded
according to their data source. The black curve shows the best-fit BT-
Settl-CIFIST model with a spectral resolution of 100 (y2 = 1.28). We
flagged the WISE photometric points as showing an excess and excluded
them from the stellar fit.

Table 3. Stellar parameters derived for YSES 1 from an SED fit.

Parameter Prior (uniform) Value
Terr (K) [4000-6000] 47083
log g (dex) [2.5-5.5] 4.46’:8:22
R, (Ro) [0.5-1.5] 1.02+501
Ay (mag) [0-0.102] 0.06’:8:82
log L. /L (dex) —0.34*001
X2 1.28

Notes. The prior on the extinction is the 95% range estimated for
YSES 2 based on the STILISM 3D reddening maps (Bohn et al. 2021).

K2 filters (Beuzit et al. 2019; Bohn et al. 2020a). We discarded
the J, H, and K; measurements due to unstable atmospheric con-
ditions during the observations. We included both L' and M’
data from the NACO instrument (Rousset et al. 2003; Lenzen
et al. 2003; Bohn et al. 2020a). We used a forward-modelling
approach to fit a grid of theoretical atmospheric spectra to the
data. This was carried out using the species package, which
employs a nested-sampling approach to estimate the posterior
distributions of the model parameters (Stolker et al. 2020). For
the model grid we used BT-Settl-CIFIST. We fitted the effective
temperature (Tef), surface gravity (log g), and radius (R,). We
also report the resulting bolometric luminosity (log L,/Lo).

A328, page 4 of 11

In addition to an atmospheric model, we also considered
a model to describe the CPD. Our CPD model includes dust
extinction and a single blackbody component. We used the G23
dust extinction model with an average Milky Way value of 3.1
for the total-to-selective extinction parameter Ry (Gordon et al.
2023). We assumed that this interstellar medium (ISM) model
provides a sufficient initial approximation for the CPD dust,
since any extinction by the CPD would occur in the upper disc
layer, where dust grains are small. The only fitted parameter
is the extinction in the optical band, Ay. We considered other
extinction models, such as a power law or log-normal dust dis-
tributions, but they did not significantly change the conclusions.
The blackbody component is described by an effective black-
body temperature (74isk_vp) and a blackbody radius (Rgisk_vb)- In
addition to the disc luminosity (log Lgisk/Leo), we also derived
log Ryiny/Ry, the radius that a narrow ring of blackbody parti-
cles with temperature 74k b, Would have around an object with
luminosity log L, /L, (Kennedy & Wyatt 2014).

Table 4 shows the parameter values derived from the pos-
terior distributions, with and without the addition of the CPD
model. We present the posterior distributions themselves in
Appendix D. Figures 3 and 4 show the respective SED fits,
with the maximum likelihood parameters shown in the plots.
Including the CPD model significantly improves the fit to the
photometric data. The reduced chi-square value of the best-fit
decreases from 3.75 to 1.46. Furthermore, the evidence, log(Z2),
increases from 448 to 460, which indicates a strong preference
for the model including CPD dust extinction and a blackbody.
This substantially changes the derived physical parameters, most
notably the effective temperature and radius. The effective tem-
perature increases from a median value of 1784 K to 2854 K. The
estimated radius decreases from 2.45 Rj to 1.58 R;.

3.3. Mass estimate

Using the median bolometric luminosity (logL,/Ls) from
Table 4 and the age of the system, we obtain an estimate of
the mass of the object by fitting an evolutionary model. For
the system age we considered two values: the original 16.7 +
1.4Myr (Bohn et al. 2020a) and a more recent estimate of
27 + 3 Myr (Wood et al. 2023). We used the BT-Settl isochrones
as our evolutionary model (Allard et al. 2011). Using the nested-
sampling fitting procedure of species, we derived posterior
distributions for the following parameters: age, mass (M), effec-
tive temperature (7eg), radius (Rp) and surface gravity (logg).
Table 5 summarises the results and the full posterior distribu-
tions can be found in Appendix E. The median estimated mass
is either 25.7 My or 41.6 My, depending on the age of the sys-
tem. Although evolutionary modelling fits a single luminosity
parameter and therefore introduces an ambiguity in the derived
effective temperature and radius, the results can be compared
with Table 4. The values corresponding to the age of 27 Myr
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Table 4. Parameters derived for YSES 1 b from forward modelling with and without a CPD.

Parameter Prior (uniform) BT-Settl-CIFIST BT-Settl-CIFIST + CPD
T (K) [1500—4000] 17843(7) 2854* éio
log g (dex) [2.5-5.5] 5.23j8:82 4.31j8:j§
R, (Ry) [1-5] 2.45%001 1.58+0.9
Ay (mag) [1-10] - 5.17f8§§
Taisk_vb (K) [30-500] - 339*7%,
Raisk_vb (Ry) [1-100] - 41.85438
log L,/ L (dex) —3.24j8:8} —2.80f8:8j
log Lgisk /Lo (dex) - —3.69f?:?§
10g Rring /Ry (dex) - 1757059
log(Z) 448.22+0.07 459.84+0.07
X2 3.75 1.46

[ T T T T T ]
2.5} ]
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_ Tl SPHERE .
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£ 1sf ]
= L ]
“I‘ -
5 [
= 1.0f < ]
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2 oF . L . - _
5 - n C n
<
_5 C 1 1 1 1 I 1 1 1 L 1 L 1 1 ]
1 2 3 4 5

Wavelength (um)

Fig. 3. Top: spectral energy distribution (SED) fit of YSES 1 b using MagAO-X, SPHERE, and NACO data using only an atmospheric model. The
black line shows the best-fit model (y2 = 3.37). The grey lines show 30 random samples drawn from the posterior distribution. The filled markers
show the original data points, while the white markers show the synthetic photometry derived from the best-fit model. Bottom: deviation between

data and synthetic photometry in units of the standard deviation.

Table 5. Evolutionary fit for the estimated ages of 16.7 Myr (Bohn et al.
2020a) and 27 Myr (Wood et al. 2023).

Age 16.7+1.4 Myr  27+3 Myr
M (My) 25.73‘% 41.6*3¢
Ter (K) 2512”_’12 2638438
R, (Ry) 2.08%00 1.89+0.96
log g (dex) 4.17t8:8§ 4.47”_’8:8‘51

are in better agreement with those derived from the SED fit,
indicating that the older age is more consistent with these results.

4. Discussion

Using only the atmospheric model in Table 4, we compared the
retrieved parameters with those in Figure 5 of Bohn et al. (2020a)
to test if our SED fit with MagAO-X data is consistent. The effec-
tive temperatures are in good agreement (1784 versus 1727 K).
We find median log g and radius values of 5.23 dex and 2.45 Ry,
which deviate from the values of 3.91 dex and 3.0 R; reported
by Bohn et al. (2020a), although both remain consistent within
the uncertainties. However, Bohn et al. (2020a) achieve a better
fit, especially at wavelengths longer than 2 um. This is due to
their use of the original BT-Settl model rather than the CIFIST
release. We adopted the CIFIST release because it uses updated
solar abundances (Caffau et al. 2011).
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Fig. 4. Top: spectral energy distribution (SED) fit of YSES 1 b using MagAO-X, SPHERE, and NACO data using an atmospheric model in
combination with a dust extinction model and blackbody radiation to represent the CPD. The black line shows the best-fit (y> = 1.46). The dash-
dotted line shows the contribution of the blackbody component. The grey lines show 30 random samples drawn from the posterior distribution.
The filled markers are the original data points, while the white markers show the synthetic photometry derived from the best-fit model. Bottom:
deviation between data and synthetic photometry in units of the standard deviation.

Regardless of the atmospheric model used, one key issue is
that the estimated radius is still considerably larger than that
expected for a low-mass companion (Baraffe et al. 2015). The
inclusion of a blackbody component by Hoch et al. (2025) to
model the CPD still results in a radius of 3 R; from forward
modelling. Using the CPD model in this work, which includes
both dust extinction and a blackbody component, reduces the
radius to 1.58 R;, in much better agreement with the expected
radius of a substellar companion of this age. The CPD cavity-
size estimate Ry, corresponding to 56*}/8R; is on the same
order of magnitude as the values of 40 + 0.7R; and 33 + 3R;
reported for GQ Lup b and Delorme 1 (AB) b (Cugno et al. 2024;
Malin et al. 2025). Nevertheless, the value derived for YSES 1b
from the SED is much less constrained and therefore difficult to
compare. The estimated masses of 25.7 M or 41.6 M are sig-
nificantly higher than the 14 Mj reported in Bohn et al. (2020a).
Using the 13 Mj threshold, although it does not fully capture the
separation between brown dwarfs and planets (Schneider 2018),
the newly derived mass more strongly supports a brown dwarf
interpretation for YSES 1 b.

A comparison between the JWST (Hoch et al. 2025) flux
and the existing SPHERE and NACO photometry shows a sig-
nificant difference. This is shown in Figure 5, where we plot
the JWST/NIRSpec data and the ground-based photometry. The
ground-based and space-based data are consistent up to 1.2 um.
At wavelengths longer than 1.2 um, JWST shows a significantly
lower flux than the ground-based measurements. The difference
between the best-fit model and the JWST NIRSpec spectrum in
this wavelength range is approximately 15-45%. We re-reduced
the SPHERE data to search for an explanation for this discrep-
ancy, but we found the same contrast levels as before. In addition,
we compared the contrast in the SPHERE K1 and K2 filters to
recently published GRAVITY K-band spectra and found them
to be consistent (Kammerer et al. 2025). Variability in YSES 1 b
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Fig. 5. Comparison of ground-based photometry and our best-fit model
to the JWST NIRSpec data.

may be considered in this context. Other young planet and brown
dwarf companions show variability due to cloud cover. Never-
theless, the reported levels of variability are generally lower,
ranging from the percent level to the 26% percent reported by
Radigan et al. (2012) (Biller 2017; Sutlieff et al. 2023). Fur-
thermore, the newly derived effective temperature is too high to
expect cloud condensation to occur, so the variability would need
to arise from a different source. Variability in the dust extinction
would lead to the largest discrepancies at short wavelengths, but
the JWST data are consistent at wavelengths below 1.2 pum. In
addition, the ground-based data were taken at different epochs
and show consistent results, which makes a strong variability
scenario less favourable. Therefore, future work and observa-
tions at different epochs are needed to validate the cause of the
discrepancy.
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5. Conclusions

We obtained data on YSES 1 b in the r/, i and 7’ bands using
MagAO-X. We clearly detect YSES 1 b in the i’ and 7’ filters,
while we derive only an upper limit in the * band. The MagAO-
X data are consistent with models fitted to the existing SPHERE
and NACO photometry. We included a model of the CPD which
was recently confirmed using JWST (Hoch et al. 2025). Adding
dust extinction and blackbody emission led to an SED that, com-
pared to the initial characterisation of YSES 1 b by Bohn et al.
(2020a), is significantly more massive (25.73‘% or 41.63:2 M;

versus 14+£3 M), warmer (2854*31% K versus 1727%172 K), and

smaller (1.58*0:0° Ry versus 3.0*07 Ry). This suggests that YSES

1 b is more likely to lie in the brown dwarf regime rather than
the planet regime. It also resolves the previously identified large-
radius anomaly, as the newly determined radius is consistent with
those of other young planets and brown dwarfs.
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Appendix A: Posterior distributions for separation, position angle, and contrast for YSES 1 b

The posterior distributions of the separation, position angle, and contrast of YSES 1 b in the MagAO-X /’-filter and 7’-filter as
estimated by the MCMC analysis.
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Fig. A.1: The posterior distributions for fitting the contrast and astrometry of YSES 1 b in the ’-filter and z’-filter using the negative
artificial planet injection of PynPoint and the emcee sampler (Foreman-Mackey et al. 2013). The plot was made using corner.py
(Foreman-Mackey 2016).

Appendix B: Estimated offsets from systematics analysis

The offset in separation, position angle, and contrast which is estimated by finding the difference between the injected and retrieved
values at different locations.
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Fig. B.1: The estimated distributions for the separation, position angle, and contrast offsets for the i’-filter and z’-filter. The difference
between the injected and retrieved values was evaluated at 250 different position angle locations at the separation of YSES 1 b.
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Appendix C: Posterior distributions of the YSES 1 SED fits
Posterior distributions of the stellar SED fit for YSES 1.
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Fig. C.1: The posterior distributions for the stellar SED fit using the BT-Settl-CIFIST model. The nested sampling was performed
using species which utilises the Mul tiNest package (Buchner et al. 2014). The plot was made using corner . py (Foreman-Mackey
2016).

Appendix D: Posterior distributions of the YSES 1 b SED fits
Posterior distributions of the SED fits for the atmospheric model and the atmospheric + CPD model.
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Fig. D.1: The posterior distributions for fitting the BT-Settl-CIFIST atmospheric model to the photometric data from MagAO-X,
SPHERE and NACO. The nested sampling was performed using species which utilises the MultiNest package (Buchner et al.
2014). The plot was made using corner.py (Foreman-Mackey 2016).
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Fig. D.2: The posterior distributions for fitting the BT-Settl-CIFIST atmospheric model combined with dust extinction and a disc
blackbody component to the photometric data from MagAO-X, SPHERE and NACO. The nested sampling was performed using
species which utilises the MultiNest package (Buchner et al. 2014). The plot was made using corner.py (Foreman-Mackey 2016).
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Appendix E: Posterior distributions of evolutionary model fits

Posterior distributions of the evolutionary model fit for YSES 1 b using the estimated age of 16.7 or 27 Myr.
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Fig. E.1: The posterior distributions for fitting the BT-Settl evolutionary model to the luminosity found in Fig. D.2 and assuming
a system age of 16.7 Myr or 27 Myr. The nested sampling was performed using species which utilises the MultiNest package
(Buchner et al. 2014). The plot was made using corner . py (Foreman-Mackey 2016).
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