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ABSTRACT

We report the discovery of a transiting brown dwarf orbiting a low-mass star, TOI-6508 b. Today, only ~50 transiting brown dwarfs
have been discovered. TOI-6508 b was first detected with data from the Transiting Exoplanet Survey Satellite (TESS) in Sectors 10, 37
and 63. Ground-based follow-up photometric data were collected with the SPECULOOS-South (Search for habitable Planets EClipsing
ULtra-cOOI Stars) and LCOGT-1m telescopes, and RV measurements were obtained with the Near InfraRed Planet Searcher (NIRPS)
spectrograph. We find that TOI-6508 b has a mass of M, = 72.5f;(]’ My, and aradius of R, = 1.03 +0.03 Ry,p,. Our modeling shows that

the data are consistent with an eccentric orbit of 19 day and an eccentricity of e = 0.28*%% TOI-6508 b has a mass ratio of Mgp/M, =

=0.08"

0.40, makes it the second highest mass ratio brown dwarf that transits a low-mass star. The host has a mass of M, = 0.174 £ 0.004 M,
a radius of R, = 0.205 + 0.006 R, an effective temperature of T = 2930 = 70 K, and a metallicity of [Fe/H] = —0.22 + 0.08. This
makes TOI-6508 b an interesting discovery that has come to light in a region still sparsely populated.

Key words. brown dwarfs — stars: individual: TOI-6508

1. Introduction

Brown dwarfs (BDs) are traditionally defined as objects between
giant planets (~13 My,p) and stars (~80 My,p), with radii ranging
from 0.7 to 1.4 Ry,p. The lower limit that separates giant planets
from BDs corresponds to the ignition of deuterium fusion in the
core of the BD. This limit varies within the range of 11-16 My,
depending on the abundance of deuterium and the bulk metal-
licity (Spiegel et al. 2011). The upper limit that separates the
BDs and stars corresponds to hydrogen fusion, and varies within
the 75-80 My, range depending on the stellar initial formation
conditions (Baraffe et al. 2002). Based on this mass definition,
the cores of BDs are partially degenerate. To improve the char-
acterization and classification of the BDs, the transit method is
very useful as it provides additional information, specifically the
radius. However, any candidate companion close in size to 1 Ry
can be a brown dwarf, giant planet, or a low-mass star as it is
not clear solely from the radius, making the measurement of the
companion’s mass crucial for BD discovery.

Transiting BDs orbiting low-mass stars offer us valuable
opportunities to measure the radius and mass (in combination
with the radial-velocity technique) and orbital parameters of the
system. The relatively small size of the star leads to a large tran-
sit signal on the order of ten percent. Furthermore, the relatively
low mass results in a huge radial-velocity signal on the order of

* Corresponding author; khalid.barkaoui@uliege.be

several kilometers per second. This makes high-precision mea-
surements of a BD’s mass and radius possible. The mass and
radius are key for exploring the physical properties of the BDs
in order to improve our understanding of the mechanisms of
formation and evolution of these mysterious sub-stellar objects.
(Baraffe et al. 2002; Saumon & Marley 2008; Phillips et al. 2020;
Chabrier et al. 2023).

Our current understanding of planetary formation predicts
a low probability of the existence of Jupiter-like planets and
BDs around low-mass stars with M, < 0.4 My, and their for-
mation by core accretion becomes increasingly unlikely as M, >
0.4M,. (Kanodia et al. 2022; Palle et al. 2021; Burn et al. 2021).
However, we have only discovered nine transiting BDs orbiting
low-mass stars to date, with host masses ranging from 0.25—
0.65 Mg. Due to the small size of this sample, the occurrence
rate of BDs around low-mass stars is still highly uncertain; more
detections are necessary to compare observations to theoretical
expectations.

In this paper, we present a new system orbiting a low-mass
M dwarf (M, = 0.17 +£0.02 M) in a 19-day eccentric orbit (e =
0.28+00%), TOI-6508. This system contains a transiting BD, TOI-
6508 b with a mass of Mpp = 72.5 My, and a radius of Rgp =
1.03 Ry,p around an MS star.

The paper is organized as follows. We present TESS
data and ground-based photometric and spectroscopic obser-
vations in Section 2. The stellar characterization of TOI-6508
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Table 1. TESS observations log for TOI-6508.

Sector Exptime (s) Camera CCD Observation date

10 1800 2 4 2019 Mar.-26-Apr.-22
37 600 2 4 2021 Apr.-02—-Apr.-28
63 200 1 2 2023 Mar.-10-Apr.-06

(spectroscopic and spectral-energy-distribution analysis) is pre-
sented in Section 3. Section 4 describes the global modeling of
photometric and radial-velocity data. Finally, a discussion and
our conclusions are presented in Section 5.

2. Observations and data reduction
2.1. TESS photometric observation

The host star TIC 142277868 (TOI-6508) was observed by the
TESS mission (Ricker et al. 2015) in Sector 10, from March
26 to April 22 2019. The relevant data are available within the
full-frame images (FFIs) with a cadence of 1800 seconds. The
target was re-observed during the extended mission in Sectors
37 and 63, and FFI data are available with a cadence of 600 sec-
onds and 200 seconds, respectively (see Table 1). We used the
Pre-search Data Conditioning Simple Aperture Photometry flux
(PDC-SAP; Stumpe et al. 2012; Smith et al. 2012; Stumpe et al.
2014), constructed by the TESS Science Processing Operations
Center (SPOC; Jenkins et al. 2016) at the Ames Research Center,
from the Mikulski Archive for Space Telescopes'. The PDC-
SAP light curves were calibrated for any instrument systematics
and crowding effects. The TOI-6508 light curves were normal-
ized using the lightkurve (Lightkurve Collaboration 2018)
Python package. Figure 1 shows the TOI-6508 field of view
in the TESS data, as well as the photometric apertures that
were used to construct the light curves. The locations of nearby
Gaia DR3 sources are also marked (Gaia Collaboration 2021).
Figure 2 shows the TESS photometric data.

2.2. Ground-based photometric observation

We performed ground-based follow-up observations of TOI-
6508 as part of the TESS follow-up observing program (TFOP)
in order to confirm the transit event on the target star, rule
out nearby eclipsing binaries (NEBs) as the source of the
transit signal, measure the transit depth, and refine the tran-
sit ephemerides. To schedule time-series observations, we used
the TESS transit finder tool (Jensen 2013), which is a
customized version of the Tapir software package. The ground-
based photometric observations are summarized in Table 2. The
observed transit light curves are presented in Figures 3 and 4.

2.2.1. SPECULOOS-South

We used the SPECULOOS-South (Jehin et al. 2018; Delrez et al.
2018; Sebastian et al. 2021) facilities to observe the transits
of TOI-6508 b simultaneously in the Sloan-r" and -i’ filters on
UTC March 29, 2024 with exposure times of 180 seconds and
105 seconds, respectively. Each 1.0 m telescope is equipped with
a 2Kx2K CCD camera with a pixel scale of 0.35” and a total
FOV of 12’x12’. Data reduction and aperture photometry were
performed using the PROSE? pipeline (Garcia et al. 2022).

I https://archive.stsci.edu/missions-and-data/tess
2 Prose: https://github.com/lgrcia/prose
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Fig. 1. TESS target pixel file images for TOI-6508 observed in Sec-
tors 10 (top), 37 (middle) and 63 (bottom). The plots are made with the
tpfplotter (Aller et al. 2020) package. The pixels highlighted in yel-
low show the TESS apertures. The red dots show the positions of Gaia
DR3 sources, and their sizes correspond to their TESS magnitudes.

2.2.2. LCOGT-1.0 m

We used the Las Cumbres Observatory Global Telescope
(LCOGT; Brown et al. 2013) 1.0m facilities to simultaneously
observe four full transits of TOI-6508 b in the Pan-STARRS-z
and V filters. Two transits were observed on UTC Feb. 21, 2024,


https://archive.stsci.edu/missions-and-data/tess
https://github.com/lgrcia/prose
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Fig. 2. TESS PDC-SAP flux of TOI-6508 extracted from full frame images (FFIs). The target was observed in Sectors 10 (zop) at a 1800-second
cadence, 37 (middle) at 600-second cadence, and 63 (bottom) at a 200-second cadence. The solid line is the best-fitting model of the transit.

Table 2. Observational log for TOI-6508 b: telescope, date of the observation, filter, exposure time(s), and FWHM of the point-spread function and

photometric aperture are tabulated.

Telescope Date (UT) Filter Exptime FWHM Aperture Comment
(s) (arcsec)  (arcsec)
LCO-Teid-1.0m Jan. 9 2025 Pan-STARRS-z 100 1.8 4.0 Full transit
SPECULOOS-South-1.0m  March 29 2024 Sloan-r’ 180 2.0 2.1 Full transit
SPECULOOS-South-1.0m  March 29 2024 Sloan-#’ 105 2.1 3.5 Full transit
LCO-McD-1.0m March 11 2024  Pan-STARRS-z 100 2.2 4.7 Full transit
LCO-McD-1.0m March 11 2024 \"% 100 29 54 Full transit
LCO-McD-1.0m Feb. 21 2024 Pan-STARRS-z 100 1.8 4.7 Full transit
LCO-McD-1.0m Feb. 21 2024 A" 100 3.1 54 Full transit
LCO-SAAO-1.0m May 16 2024 Sloan-i’ 120 1.9 43 Full occultation
LCO-SAAO-1.0m Feb. 8 2025 Sloan-#’ 100 2.1 4.0 Full occultation

and two others were observed on UTC March 11, 2024. An addi-
tional transit of TOI-6508 b was observed with LCO-Teid-1mO
at the Teide Observatory on UTC Jan. 10, 2025 in the Pan-
STARRS-z,. The LCOGT telescopes are equipped with 4096 x
4096 SINISTRO camera with a pixel scale of 0.389” per pixel
and a total FOV of 26’ x 26’.

TOI-6508 b was also observed during an occultation at the
Southern African Astronomical Observatory (SAAO) in the
Sloan-i’ filter. The first observation was carried out on UTC
May 16, 2024 assuming a circular orbit. The Second observation
was carried out on UTC February 8, 2025 assuming an eccentric
orbit. Figure 5 shows the secondary-eclipse light curves.

The science data processing was performed using the stan-
dard LCOGT BANZAI pipeline (McCully et al. 2018), and
aperture and differential photometrics were performed using
AstroImage]? (Collins et al. 2017).

3 AstroImagel]: https://www.astro.louisville.edu/software
/astroimagej/

2.3. Spectroscopic observation for TOI-6508
2.3.1. NIRPS observation

TOI-6508 was observed with the Near-InfraRed Planet Searcher
(NIRPS; Bouchy et al. 2017; Wildi et al. 2022) spectrograph
installed on the ESO-3.6m telescope at La Silla observatory
in Chile. NIRPS is fiber-fed, stabilized high-resolution (R =~
70 000) echelle spectrograph operating in the near-infrared cov-
ering the range from 950 nm to 1800 nm, under an adaptive
optics system. The observations were carried out as a DDT pro-
gram (ID:113.27QV, Cycle: 113, PI: K. Barkaoui). Over three
individual nights, we collected two spectra of TOI-6508 per
night with NIRPS with an exposure time of 900 s. The data were
collected on June 1 and 9 and July 3, 2024 with an average
signal-to-noise-ratio (S/R) of 12 at 1.6 pm.

The NIRPS data were reduced with the nominal pipeline for
NIRPS data reduction for the ESO science archive through the
VLT Data Flow System*. This pipeline is based on the publicly

4 https://www.eso.org/sci/software/pipelines/
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Fig. 3. Individual TESS (Sectors 10, 37 and 63) and ground-based (collected with SPECULOOQOS-S-1.0m and LCOGT-1.0m) light curves of TOI-
6508 b. The colored data points show the relative flux measurements (unbinned and binned data). The black solid lines show the best-fitting transit

model.

available ESPRESSO pipeline, which utilizes recipes adapted
from software originally developed for the ESPRESSO instru-
ment (Pepe et al. 2021) and specifically refined for near-infrared
spectroscopy” (Artigau et al. 2024).

Radial-velocities were extracted using a cross-correlation
with the line-mask for M4-type stars, which is implemented

5 Nirps pipeline: https://www.eso.org/sci/software/pipe
lines/nirps/nirps-pipe-recipes.html
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in the NIRPS pipeline. Due to the relatively low S/R we only
use orders between 1.4-1.87 pum. The RV measurements are
presented in Table 3.

2.3.2. Shane/Kast optical spectroscopy

We observed TOI-6508 with the Kast double spectrograph
(Miller & Stone 1994) mounted on the Lick Observatory Shane
3-m Telescope on UTC April 2024. Conditions were clear
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Fig. 4. Photometric and radial-velocity observations for TOI-6508. Left: TESS and ground-based, phase-folded light curves (unbinned and binned
by 15-min data) of TOI-6508 b. The light curves are shifted along the y-axis for visibility. The residuals are also presented bellow each light curve.
Right: radial-velocity measurements collected by the NIRPS spectrograph. RV observations versus time (a), phase-folded RV measurements (b)
and RV residuals (O — C) (c). The red data points and solid red line show RV measurements and best fit assuming a circular orbit. The blue data
points and solid blue line show RV measurements and best fit assuming an eccentric orbit.

Table 3. RV measurements for TOI-6508 obtained with the NIRPS
spectrograph.

BJDTDB RV (km/s) ORV (km/s)
2460463.468286 24.384 0.203
2460491.481160 51.406 0.159
2460495.471592 30.840 0.790

and windy with 1”8 at the southern declination of the source.
We used the 275 (6 pixel) aligned with the parallactic angle
and the 600/7500 grating in the Kast red channel to acquire

5800-9000 A spectra at a resolution of 1/A1 ~ 900. Two expo-
sures of 1200s each were acquired at an average airmass of
3.08, followed by the observation of the nearby G2 V star HD
113207 (V = 7.62) at a similar airmass. The flux standard Feige
34 (V =17.6; Massey & Gronwall 1990; Oke 1990) was observed
earlier in the night. HeNeAr arclamps, quartz flat-field lamps,
and bias frames were obtained at the start of the night for wave-
length and pixel-response calibration. Data were reduced using
kastredux® following standard procedures for optical spec-
troscopic data reduction (see Barkaoui et al. 2024). Our final
spectrum has an S/N of 76 at 1 =~ 7500 A.

6 kastredux: https://github.com/aburgasser/kastredux
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Fig. 5. Secondary eclipse observations of TOI-6508b from LCO-
SAAO-1.0m in the Sloan-i’. Top panel shows the data collected on UTC
May 16, 2024 assuming a circular orbit and bottom panel shows the data
collected on UTC Feb 8, 2025 assuming an eccentric orbit (e = 0.28
constrained from our global MCMC analysis). No significant secondary
eclipse is observed. The green region shows the predicted secondary
eclipse ingress and egress.

2.3.3. IRTF/SpeX spectroscopy

We collected a medium-resolution near-infrared spectrum of
TOI-6508 on 10 May 2024 (UT) using the SpeX spectrograph
(Rayner et al. 2003) on the 3.2-m NASA Infrared Telescope
Facility (IRTF) with clear conditions and 0”5 seeing. We used
the short-wavelength cross-dispersed (SXD) mode and the 0”3 X
15" slit aligned to the parallactic angle, yielding R~2000 spectra
covering 0.80-2.42 um. We collected 12 integrations of 300's on
the target, nodding in an ABBA pattern. Afterwards, we gathered
a set of standard SXD flat-field and arc-lamp calibrations and six
30-s integrations of the AOV standard HD 100330. We reduced
the data with Spextool v4.1 (Cushing et al. 2004) following
the standard approach (e.g., Delrez et al. 2022; Barkaoui et al.
2023, 2024). The reduced spectrum has a median S/N of 107 per
pixel and 2.5 pixels per resolution element.

2.3.4. High-resolution imaging

As part of the validation and confirmation process for a transit-
ing exoplanet observation, high-resolution imaging is one of the
critical assets required. The presence of a close companion star,
whether truly bound or a line-of-sight star, will provide “third-
light” contamination of the observed transit, leading to derived
properties for the exoplanet and host star that are incorrect
(Ciardi et al. 2015; Furlan & Howell 2017; Furlan & Howell
2020). In addition, it has been shown that the presence of a
close companion dilutes small planet transits (<1.2 Rg) to the
point of non-detection (Lester et al. 2021). Given that nearly one-
half of FGK stars are in binary or multiple star systems (Matson
et al. 2018) high-resolution imaging yields information crucial to
our understanding of each discovered exoplanet as well as more
global information on its formation, dynamics, and evolution.
TOI-6508 was observed on UTC 10 January 2025 using
the Zorro speckle instrument on Gemini South (Scott et al.
2021). Zorro provides simultaneous speckle imaging in two
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Fig. 6. High-resolution imaging for TOI-6508 with 50 magnitude con-
trast curves in both filters as a function of the angular separation out
to 1.2”. The inset shows the reconstructed 832 nm image of TOI-6508
with a 1” scale bar. TOI-6508 was found to have no close companions
from the diffraction limit (0.02”) out to 1.2” to within the contrast levels
achieved.

bands (562 nm and 832 nm) with output data products including
a reconstructed image and robust contrast limits on compan-
ion detections. Nine sets of 1000 60-ms frames were obtained
for TOI-6508 simultaneously in each channel. The data waere
reduced using our standard software pipeline (Howell et al.
2011). Figure 6 shows the five-sigma-magnitude contrast curves
obtained and our 832-nm reconstructed speckle image. We find
that TOI-6508 is a single star with no close companion brighter
than about 5-6 magnitudes from the diffraction limit (0.02”") out
to 1.2”. At the distance to TOI-6508 (d = 48.5 pc) TOI-700,
these angular limits correspond to spatial limits of 0.97 to 58 au.

3. Stellar properties for TOI-6508
3.1. Shane/Kast

Figure 7 shows the Kast optical spectrum of TOI-6508. Char-
acteristic spectral features for mid-to-late M dwarfs are present,
including CaH, TiO, and VO molecular features and line absorp-
tion from Na I, K I, and Ca II. The spectrum is an excellent match
to the M6 SDSS spectral template data from Bochanski et al.
(2007), implying an optical classification of M6+1. He is seen in
clear emission with an equivalent width of —2.95+0.18 A, which
corresponds to a relative emission luminosity of 1og,q Lee/Lyor =
—4.36+0.10 using the y-factor calibration of Douglas et al.
(2014). The presence of magnetic emission is consistent with an
activity age of <7 Gyr (West et al. 2008; Rebassa-Mansergas
et al. 2023). The relative strength of TiO and CaH absorption
in the 7000 A region yields a ¢ value of 0.85+0.02 (Lépine
et al. 2013), near the boundary between dwarf and subdwarf
classes, and the Mann et al. (2013) metallicity-{ relation yields
[Fe/H]= —0.17+0.20.

3.2. IRTF/SpeX

Figure 8 shows the SpeX SXD spectrum of TOI-6508. Follow-
ing previous SpeX analyses (e.g., Triaud et al. 2023; Gillon et al.
2024; Timmermans et al. 2024), we used the SpeX Prism Library
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Fig. 7. Kast spectrum of TOI-6508 (black lines) compared to M5, M6,
and M7 standards from Bochanski et al. (2007) (magenta lines). All
spectra are normalized at 7500 A and for clarity (zero points are indi-
cated by dashed lines). Key atomic and molecular spectral features
are labeled, as are regions of strong telluric absorption (&). The inset
box highlights the 6520-6770 A region containing the Ha emission
(detected) and Li I absorption lines (absent).

. H0
] Fetfng, ™ Fer ~ TOI-6508

e 15 Wolf 47 (M5V)

o i

8 Hy

Z 1.0 o

2 ]

0.5 - Nal co

i ® ® ® W

LI I LI I LI I LI I LI I LI I 1T
1.00 125 150 1.75 200 225
Wavelength (um)

Fig. 8. SpeX SXD spectrum of TOI-6508 (red) alongside spectrum
of M5 dwarf Wolf 47 (gray) for comparison. Atomic and molecu-
lar features of M dwarfs are annotated, and regions of strong telluric
absorption are shaded.

Analysis Toolkit (SPLAT, Burgasser & Splat Development
Team 2017) to assign a spectral type and estimate a stellar metal-
licity. We compared the spectrum to those of single-star spectral
standards in the IRTF spectral library (Cushing et al. 2005;
Rayner et al. 2009). Finding the best match to the M5 dwarf
Wolf47, we adopted an infrared spectral type of M5.0 + 0.5,
which is slightly earlier than but consistent with the optical clas-
sification. Using the H20-K2 index (Rojas-Ayala et al. 2012)
and Mann et al. (2014) relation, we estimated a sub-solar stellar
iron abundance of [Fe/H] = —0.22 + 0.08 for TOI-6508, which
is consistent with the optical metallicity.

3.3. SED analysis

As an independent determination of the basic stellar parameters,
we performed an analysis of the broadband spectral energy dis-
tribution (SED) of the star together with the Gaia DR3 parallax
(with no systematic offset applied; see, e.g., Stassun & Torres
2021), as described in Stassun & Torres (2016); Stassun et al.
(2017, 2018a). We used the 2MASS JHKs magnitudes, WISE
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Fig. 9. SED fit of TOI-6508. The red symbols with error bars are the
observed fluxes, and black dots are the PHOENIX model fluxes. The
best-fitting NextGen atmosphere model is presented in blue.

W1-W3, and the Gaia GgpGgrp magnitudes. Together, the avail-
able photometry spans the full stellar SED over the wavelength
range 0.4-10 um (see Figure 9).

We performed a fit using PHOENIX stellar atmosphere mod-
els (Husser et al. 2013), with the free parameter being the
effective temperature (7¢) and extinction Ay which we limited
to maximum line-of-sight value from the Galactic dust maps of
Schlegel et al. (1998); we used the metallicity ([Fe/H]) value
derived from spectroscopic observations (see Sections 3.1 and
3.2). The resulting fit (Figure 9) has a best-fit Ay = 0.1 + 0.1
and Ter = 2930 + 70 K, with a reduced y? of 3.8. Integrat-
ing the (unreddened) model SED gives the bolometric flux at
Earth, Fyo = 4.48 £0.21 x 107! erg s7! cm™2. Taking the Fyq
and Gaia parallax gives the stellar bolometric luminosity, Ly =
0.00327 + 0.00015 L, directly. The stellar radius follows from
the Stefan-Boltzmann relation, giving R, = 0.222 + 0.013 R,.
In addition, we estimated the stellar mass from the empiri-
cal Mk relations of Mann et al. (2019), giving M, = 0.20
0.01 M. Finally, we used the measured chromospheric activ-
ity log Ha/log Ly, with the empirical relations from Stassun
et al. (2012) to predict the degree of radius inflation, which in this
case is predicted to be ~7%, roughly consistent with the apparent
inflation of ~10%.

3.4. Archival imaging for TOI-6508

We used the archival images of TOI-6508 to exclude the pos-
sibility that there are background stars blended with the target
at its current position. TOI-6508 has a high proper motion of
414 mas/yr. We used the POSS-I/red data taken in 1958, and the
LCO-SAAO-1.0m/Sloan-i’ data taken in 2024, spanning 72 years
with our new observations. The target has been shifted by 27”740
from 1958 to 2024. There is no bright background source in the
current day position of the target (see Figure 10).

3.5. Stellar rotation

We searched for photometric modulation in TESS observations
using the TESS-SIP (Hedges et al. 2020) package. TESS-SIP
returns two outputs simulteneousely, which are a Lomb-—Scargle
periodogram (Lomb 1976; Scargle 1982) and detrend systemat-
ics. In our case, we used the available TESS photometric data
from Sectors 10, 37 and 63. We limited our search to a rotation
period range of 1-50 days. Our results showed no indications
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Fig. 10. Evolution of TOI-6508’s position over time. Left panel shows archival image of TOI-6508 taken using a photographic plate on the Palomar
Schmidt Telescope in the red filter. Right panel shows the Sloan-i" image from LCO-SAAO-1.0m taken in 2024.
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Fig. 11. TESS systematics-insensitive periodogram (TESS-SIP) of
TOI-6508 using the TESS data from Sectors 10, 37 and 63 (blue line).

of stellar modulation in the TESS data of TOI-6508 (see Fig-
ure 11). This implies that the rotational periods of the target star
are probably longer than the TESS observation window for a
single sector.

4. Photometric and RV analysis

We performed a global modeling of transit light curves
obtained from the TESS mission (described Section 2.1) and
the SPECULOOS-South-1.0m and LCO-SAAO-1.0m telescopes
(described in Section 2.2), together with the radial velocity
measurements collected by the ESO-3.6m/NIRPS spectrograph
(described in Section 2.3.1), using the Metropolis-Hastings
(Metropolis et al. 1953; Hastings 1970) method implemented
in TRAFIT, a revised version of the Markov chain Monte Carlo
(MCMC) code described in Gillon et al. (2010, 2012, 2014). We
followed the same strategy as described in Barkaoui et al. (2023,
2024). The photometric data were modeled using the Mandel &
Agol (2002) quadratic limb-darkening model, multiplied by a
transit baseline, in order to correct for external systematic effects
related to the time and FWHM of the PSF as well as the air-
mass, and background light level. The radial-velocity data were
modeled with the two-body Keplerian model (Murray & Correia
2010).

The baseline model for each transit was selected by minimiz-
ing the Bayesian information criterion (BIC; Schwarz (1978)).
The error bars of the TOI-6508 radial-velocity measurements
were quadratically rescaled using the “jitter” noise, while the
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photometric error bars were rescaled using the correction fac-
tor CF = 8, X B,, where §, is the red noise and §,, is the white
noise (Gillon et al. 2012).

For the joint fit, the global free parameters for transit mod-
eling are the mid-transit time at a reference epoch (7)), the
orbital period (P), the transit depth (dF), the impact parame-
ter (b), the stellar density py, and the total transit duration (W).
We applied a Gaussian prior distribution to the stellar quadratic
limb-darkening coefficients (¢#; and u,), stellar mass M, radius
R, and effective temperature T.g (computed from SED analy-
sis), as well as the stellar atmospheric parameters computed from
a spectroscopic analysis (metallicity T and surface gravity
log g4). The quadratic limb-darkening coefficients u; and u, for
the TESS, Pan-STARRS-z,, Sloan-i’, Sloan-7’, and Johnson-V
filters were computed using the stellar parameters (Teg, [Fe/H]
and log g, ) and tables from Claret et al. (2012) and Claret (2018).
During our analysis, we converted the quadratic limb-darkening
coefficients u; and u, into the combination ¢; = (1 + 1) and
g2 = 0.5u;(u; + up)~" proposed by Kipping 2013.

We performed two MCMC fits. The first fit assumed an
eccentric-orbit (i.e. free eccentricity) and the second assumed
a perfectly circular orbit (i.e., e = 0). Our results favored
an eccentric orbit solution based on the Bayes factor BC =
exp (—ABIC/2) > 1000. For each transit, a preliminary analysis
was performed composed of one Markov chain with 5x 10° steps
to compute the CF (correction factor; Gillon et al. 2012). Then,
we performed a final MCMC fit composed of five Markov chains
with one million steps to infer the physical properties of the sys-
tem. The convergence for each Markov chain was checked based
on the Gelman & Rubin (1992) statistical test. Our final results
for the eccentric orbit solution are presented in Table 5.

5. Discussion and conclusion

Transiting BDs around M dwarf stars are rare, and they are
helpful for understanding the formation and evolution of such
systems. Only ~10 M dwarf and BD systems are known, and
more detections are required to probe the formation and evolu-
tion paths.

In this paper, we present a BD orbiting a low-mass star,
TOI-6508 b. The target was observed with the TESS mission
during Sectors 10, 37 and 73 with long cadences of 1800s,
600s and 200s, respectively (Section 2.1). The candidate was
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Table 4. Astrometry, photometry, and spectroscopy stellar properties of
TOI-6508.

Star information

Target designations
TOI 6508
TIC 142277868
GAIA DR3 3465796341653768192
2MASS J12030396-3339552
SIPS J1203-3339

Parameter Value Source
Parallax and distance

RA (J2000) 12:03:03.42 (1)

Dec (J2000) -33:39:55.8 (1)

Plx (mas) 20.64 + 0.05 (1)

Hga (mas yr~) —413.59 + 0.06 €]

Hpec (mas yr™1) -35.14 +£0.03 (1)
Distance (pc) 48.44 +0.12 (1)
Photometric properties

TESSag 14.309 + 0.008 2)

Vinag (UCAC4) 17.18 £ 0.20 3)
Brag (UCAC4) 18.3 3)
Rinag (UCAC4) 16.7 3)

Jmag (ZMASS) 12.39 £ 0.02 @)
Hinag (2MASS) 11.83 £ 0.03 “)
Kinag 2MASS) 11.49 +0.02 “)
Gnag (Gaia DR3) 15.79 £ 0.001 1)
Wi (WISE) 11.310 £ 0.022 5)
W2mae (WISE) 11.098 + 0.021 5)
W3ae (WISE) 10.89 + 0.09 5)
W4mag (WISE) 8.995 (@)
Spectroscopic and derived parameters

Teqr (K) 2930+ 70 This work
log g4 (dex) 5.05 +£0.02 This work
[Fe/H] (dex) -0.22 £ 0.08 This work
M, (M) 0.174 + 0.004 @ This work
Ry (Ro) 0.205 + 0.006 @ This work
Fpol (erg s™! cm?) (4.48 £0.21) x 107! This work
Av (mag) 0.1+0.1 This work
Px (Po) 202+ 1.8 This work
Age (Gyr) <7 This work
Spectral type M6+1 [Shane/Kast]
Spectral type M5.0+0.5 This work [IRTF/SpeX]

Notes. Astrometry, photometry, and spectroscopy stellar properties of
TOI-6508. (1) Gaia EDR3 Gaia Collaboration (2021); (2) TESS Input
Catalog; Stassun et al. (2018b); (3) UCAC4 Zacharias et al. (2012); (4)
2MASS Skrutskie et al. (2006); (5) WISE Cutri et al. (2021). ©@Stellar
mass and radius values are computed from Mann et al. (2015); Mann
et al. (2019).

first identified by TESS. Ground-based photometric follow-up
observations were performed with the SPECULOOS-South-
1.0m and LCOGT-McD-1.0m telescopes (Section 2.2). Radial-
velocity measurements were collected using the NIRPS spectro-
graph as described in Section 2.3.1. The host star was character-
ized by combining optical spectra collected by the IRTF/SpeX
and Shane/Kast instruments, the spectral energy distribution
(SED), and stellar evolutionary models (Section 3). TOI-6508 is
a Kiag = 11.5 M5.5 sub-solar star with metallicity of [Fe/H] =
—0.22 + 0.08, a mass of M, = 0.174 = 0.004 M., a radius of
R, = 0.205 £ 0.006 R and an effective temperature of Teg =
2930 + 70 K.

We performed a global analysis of the TESS observations
together with ground-based photometric and radial-velocity
observations in order to derive the physical parameters of the
system (Section 4). Table 4 shows the stellar physical character-
istics of the host star TOI-6508. The derived physical parameters
of the system are presented in Table 5. The posterior distribution
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Fig. 12. Posterior probability distribution of eccentricity and mass of
TOI-6508 b. Vertical colored lines show the evolutionary models from
Baraffe et al. (2003).

parameters of TOI-6508 b are presented in Figure B.1. We find
that TOI-6508 b is a massive brown dwarf with a mass of Mpp =
72.53*78 My, and a radius of Rgp = 1.02670 03 Ryyp. It is the
second-highest-mass-ratio BD transiting a low-mass star.
During our modeling, we performed two MCMC fits: the first
assuming a circular orbit and the second assuming an eccentric
orbit. The best solution is compatible with an eccentric orbit
based on the Bayes factor BC. TOI-6508 b orbits its host star
with an orbital period of P = 18.99265922+0-0000688 qavq and

~0.0000681
an eccentricity of e = 0.28"00%. Figure 12 shows the posterior
probability distribution of the orbital eccentricity and the mass
of TOI-6508 b, including the evolutionary models from Baraffe
et al. (2003). Additional observations of radial velocity are
required to improve the orbital eccentricity and mass measure-
ments of TOI-6508 b (see Figure 13). Figure 14 presents the mass
ratio Mgp /M, as a function of the BD mass. TOI-6508 b has the
second highest mass ratio among all known transiting BDs.
The surface gravity of the transiting BDs, gpp, can be
derived directly from the transit observations and radial-velocity
measurements, and is given by

GMBD _ 27TKRV \/(1 - 62)

2 PRI
Rgp Psin(i)rg

6]

gBD =

where, the semi-amplitude Kgry and the orbital eccentricity e
are derived from the radial-velocity fit. The orbital period P,
the scaled BD radius rgp = a/Rpp, and the orbital inclina-
tion i are derived from the fit of transit light curves. The BD’s
surface gravity is directly related to the observable parameters
independent of those of the host star.

Figure 15 presents the radius—mass diagram for all known
transiting objects with masses ranging between 10 and 120 Myy,,.
Figure 16 presents the surface gravity as a function of the mass
of known transiting objects. Table A.l1 shows the updated list
of transiting BDs from Carmichael (2022) and Henderson et al.
(2024). Some new objects have been included from Vowell et al.
(2025). As a preliminary comparison, TOI-6508 b is well placed
within the edge of the brown-dwarf regime (Baraffe et al. 2002).
We also present the tabulated isochrone models for sub-stellar
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Table 5. Derived physical parameters of the TOI-6508 b system with

1-0 for the eccentric orbit solution.

TOI-6508

Parameter

Value

Quadratic Limb-Darkening coefficients

U1 TESS 0.32 +£0.02
U2 TESS 0.23 +0.03
U1 Pan—STARRS-z, 0.29 +£0.02
U2 Pan—STARRS-z, 0.19 = 0.04
U1 Sloan—i’ 0.43 +£0.01
U3 Sloan—i’ 0.30 £ 0.01
U1 Sloan—r’ 0.70 + 0.01
U3 Sloan—1’ 0.19 £ 0.01
U1 Johnson—V 0.73 £ 0.01
U2 Johnson—V 0.19 £ 0.01

Derived stellar parameters

Stellar mass, M, (Mg)

0. 1744+0.0203

~0.0198

Stellar radius, R, (Ro) 0.204170 000!

Mean density, py (0o) 20.38+3-3¢
Luminosity, Ly (Lo) 0003044000033
Effective temperature, Teg (K) 3003’:25

Derived BD parameters

Radius ratio R, /R, 0.5036*00030

Orbital period P (days) 18.99265922 0 000008

Transit-timing T
(BJDtpg — 2450 000)

10399.8462781 + 0.0000685

Orbital semi-major axis a (AU)  0.08659 + 0.00296
Impact parameter b (R, ) 0'631t8:843u91
Transit duration W (min) 109.2 £ 0.5
Scaled semi-major axis a/R, 90.962‘:2?
Orbital inclination i (deg) 89.60 + 0.04
Eccentricity e 0.28f8:8§

Ve cos(w) 0.35702

e sin(w) 0.375+0.958
RV semi-amplitude K (km/s) 14.88%195
Mass ratio Mgp /M, O.397f8182§
BD Radius Rgp (Ryupiter) 10267003
BD Mass Mgp (Myupicer ) 7253148
BD density pgpp (g/cm?) 89.07¢%7
Surface gravity log ggp 5.2469f8:8§§§
Incident flux < F > (< Fg >) 04077003

objects derived by Baraffe et al. (2003) (colored solid lines), and
different ages of 0.1, 0.5, 1, 5, and 10 Gyr 7,

TOI-6508 b shows a deeper primary eclipse of 250 ppt (parts
per thousand), but no detectable secondary eclipse. This implies
that the secondary component has a lower surface brightness
than the primary component. Phase-folded TESS observations
are shown in Figure 17. The absence of a detectable secondary
eclipse in the data suggested that the companion is a brown
dwarf. Based on TESS data, we might rule out a secondary
eclipse of doccurt ® 10 ppt. We observed two full occultations

7 Tsochrone models:

baraffe/

http://perso.ens-lyon.fr/isabelle.
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Fig. 14. Comparison of TOI-6508 b to other transiting BD systems from
Table A.1. TOI-6508 b has the second highest mass ratio transiting BD
after ZTF J2020+5033 (El-Badry et al. 2023). Dots are colored accord-
ing to the stellar effective temperature.

of TOI-6508b from LCO-SAAO-1m0 in the Sloan-i’ on UTC
May 16, 2024 (assuming a circular orbit) and UTC Feb 8. 2025
(assuming an eccentric orbit of e = 0.28 constrained from our
global MCMC analysis). Based on these observations, we might
rule out a secondary eclipse of doccurt ® 3 ppt (see Figure 5).
Moreover, the effective temperature Tgp for the companion can
be computed by combining the companion and the stellar-radius
ratio Rgp/R, with the Planck function for blackbody via the
following formula:

Rgp )2 Bpp(4, Tep) @)

6 = s
oceult ( R, | B.(L.Te)

where Bpp(A, Tgp) and B,(A, Teg) are the Planck distribu-
tion functions for the companion and host star, respectively.
This resulted in an effective temperature of the companion of
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Tep < 1800 K, which is indicative of a brown dwarf. Since the
luminosity of a BD is mainly emitted at infrared wavelengths, the
secondary eclipse should be deeper when observed at infrared
wavelengths. Moreover, a new observation in the infrared is
required to confirm or rule out the secondary eclipse of the
companion. If a secondary eclipse is present, this will allow an
independent determination of the effective temperature of the
brown dwarf TOI-6508 b. Moreover, the combination of the low
mass and low luminosity of the host star and the low inciden-
tal flux of the companion, make TOI-6508 b a favorable target
for upcoming secondary-eclipse observations with the JWST in
order to measure its luminosity, its Albedo, and its effective
temperature.
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Appendix A: List of published transiting BDs

Table A.1: List of published transiting BDs adapted and updated from Carmichael (2022) and Henderson et al. (2024). Some new objects have
been included from Vowell et al. (2025).

Object P[d] M, [Myp] Ry [Ryypl Terr [K] M, [Me] R [Ro] ecc [Fe/H] log g» Source
TOI-4603b 7246 129070F 1.04+004 626495  1.77+006 274+005 0.325+0.02 0.34£0.04 449173072 Khandelwal, A. et al. (2023)
HATS-70b 1.89 120718 138008 7930+0%0 1.78+012 1.88+00 <0.18 0.04+010 5.631*01%3  Zhouetal. (2019)
TOI-1278b 1448 185%03  1.09%9%8 379973 0.55+0% 0.57+001 0.013*9904 -0.01+02% 4.611*01%2 Artigau et al. (2021)
GPX-1b 174 197516 1474010 700020 1.68+010 156010 0 (fixed) 0351010 4456012 Benni etal. (2021)
Kepler-39b 21.09 20.17}3 1424‘:3 l]’g 63507100 1297906 1.4070:10 0.112+50%7 0.107014 4.6467007%  Bonomo et al. (2015)
CoRoT-3b 4.26 20749 101305 674071 1.3740% 1.5610% 0 (fixed) -0.02+3% 4700*9%%  Deleuil et al. (2008)
TOI-5882b 70489 243670%5  0.833*0% 6000+ 190  1.54570977 23037006 0.0347+0.0082 03780084  4.95970%2  Vowell et al. (2025)
KELT-1b 122 27.4*05  1123% 6516+ 1.343006 147003 0.010%0.09 0.05*008 4757405 Siverd et al. (2012)
NLTT41135b 2.89 337428 130 3230013 019093 0212092 <0.02 0 (fixed) 4.826*9210  Csizmadia (2016)
WASP-128b 221 372505 094709 595073 116255 1154502 < 0.007 0.01*312 5.045*0%42  Hodzi¢ et al. (2018)
CWW89Ab 529 39.2¢M 0941002 5755+ 110393 1.03+092 0.189*0.902 0.2070% 5.059*90%  Nowak etal. (2017)
KOI-205b 172 39940 0815002 5237°%) 0.937003 0.84002 <0.031 0147042 5.128700:6  Diazetal. (2013)
TOI-1406b 1057 460735 086709 629071% 1.18+008 1.35+003 0.026*0913 -0.08*3% 5210%0%%  Carmichael et al. (2020)
TOI-3755b 55437 47319 0.876'0%3 5630170 1.042*096F  1.04*0041 0.005+0.0031 03390091  5.203*057>  Vowell et al. (2025)
EPIC212036875b 517 523t 087100 62383 1.29+007 150003 013249904 0.01+010 5267706 Persson etal. (2019)
TOL-503b 3.68 5372 134202 765011 1.80*096 17009 0 (fixed) 0301098 4.891017%  Subjak et al. (2020)
TOI-852b 4.95 53.7f::§ 0483‘:8 gj 5768f§‘|’ 1.3213& l.71f8:gj 0,004‘:3:882 0.33f8:gg 5.302‘:8:8:3 Carmichael et al. (2021)
TOI-2844b 3552 538130 0775008 6900+220 15850071 1785%008 04290048 0061012 53677013 Vowell etal. (2025)
AD3116b 1.98 542%43 102193 3184%%) 0.28+002 029098 0.146*0.92¢ 0 (fixed) 5.193*007  Gillen et al. (2017)
CoRdT-33b 5.82 592518 110703 5225+ 0.86+354 0.94*544 0.070+55%2 0.44*519 5102040 Csizmadia et al. (2015)
TOI-3577b 52667  59.0*¢2 0.844*00%2  6510+870  1.29*02 1L64*011 00050008  -021+044  5334*02ll  Vowell etal. (2025)
RIK72b 9776 59.2*680 3107031 3349+ 142 04397998 096170506 0.1079£0.0116 0.0%0.0 42170112 (David et al. 2019)
TOL-811b 2507 59.9*130 126709 61077 1324005 0.509+0.975 040097 5.013:013 Carmichacl etal. (2021)
TOI-263b 0.56 616540 091709 34713 0.44*004 0.017+59% 0.00319 5.3120%2  Parviainen et al. (2020)

2.7 12 8 2 11 0.129
KOI-415b 16679 621327 079*0)2 5810 0.94+0% 0.698+0.902 -0.24*011 5353012 Moutou et al. (2013)
WASP-30b 4.16 625712 095709 62028 12500 < 0.004 0.08+547 5.236*09%  Triaud et al. (2013)
LHS6343¢ 1271 62734 083109 313012 0.37+90! - 0.056*0932 0.04+008 5.369*0027  Johnson et al. (2011)
CoRdT-15b 3.06 6334 112030 6350729 1.32+012 1461931 0 (fixed) 0.10*32 5.273*01%  Bouchy etal. (2011)
TOL-569b 6.56 54.1153 0.75j§;§§ 5768%%0 1.21j§'§§ 1.431§§3 O'OOZ%@ 0.291§§§ 5.464:§‘8‘%§ Carmichacl etal. (2020)
TOI-2119b 7.20 64.41%_% Lostg_gj 3621* s o.szjgvgé 0.50jg-8% 0.337tg-g?i 0.06j0-%809 5.1 54jg-g;;»é Carmichael et al. (2022)
TOI-1982b 17.17 65925 108300 63254110 1414008 1517003 0.272+0914 -0.10*3% 5.161*907  Psaridi et al. (2022)
NGTS-28Ab 1.25 69.0°33  095+0.05 362671 0.56:3%2 0.597043 0.040700% -0.147015 5.313*0951  Henderson et al. (2024)
EPIC201702477b 4074 66.9*17 076709  5517*1 0.87+093 0.90+0% 0.228+0.903 -0.163%3 5.426*00%2  Bayliss et al. (2017)
TOI-629b 8.72 67.03:3 Lllfg gg 9100f583 2.16fg::§ 2.37‘:8:” 0,298‘:3;882 O.IOfg:ig 5.137f8::§§ Psaridi et al. (2022)
TOL-4737b 9320 675432 0816007  6330+220 140270083 1568*007C 00180022  0.25x0.11 5419639 Vowell et al. (2025)
TOI-2543b 7.54 67.6533 09500  6060*%2 1,290 1.86013 0.009*0:903 -0.28*319 5.362*0110  Psaridi et al. (2022)
HIP33609b 394718 68.007740  1.580*007 10400800 2.383*010.  1.863*0%  0.560£0.031  -0.01x£020  4.849*0112  Vowell etal. (2023)
LP261-75b 1.88 68.1°21 0907090 310073 0.3073%2 0.31+5% <0.007 0.0 5.340*0021  Irwin et al. (2018)
NGTS-19b 1784 69.5%37  1.03t0% 47163 0.81+00 0.9000 0.377+9.906 0.11007 523310060 Acton et al. (2021)
TOI-2336b 771198 69.9%23  105F0% 6550+100 14109 L781798%  0.010+0.006  0.0=0.03 5.218*00%  Linetal. (2023)
CoRdT-34b 21185 71.40'8%0  1.09'017 7820160  1.66*0% 1.85+022 0.00 £ 0.00 -020+£020  5.193'0215  Sebastian et al. (2022)
TOI-2533b 6.6847 720130 0.85010%40 618080  1.02070%0  L110*0510  0.060+0.070  -0.3x0.20 5.418*00%9  Ferreira dos Santos et al. (2024)
TOI-6508b 1899 72537760 0985701 3003100  0.1744;502%  0.2041+0%6! 028 +0.08 -022+£008  5.255'053%  This work
NGTS-7Ab 0.68 755530, 13801 33597100 0.48+093 0.61+0% 0 (fixed) 0 (fixed) 4.845%0095 Jackman et al. (2019)
TOI-148b 4.87 77058 081508 599071 0.97+012 1202097 0.005*0.906 -0.24*0% 5.483*0127  Grieves etal. (2021)
TOI-2521b 55630 77.5%3  LOI*SS 5600+100 110097 L770*058% 0.0+ 1.10 -03+03 5.333*0000  Linetal. (2023)
KOI-189b 3036 780131 100702 4952+ 0.76*093 073092 0.275*0.904 -0.12+5319 5.330*00%  Diaz etal. (2014)
Kepler-503b 72584 78.6*%1 096705 5670100 1.154*0%7  1.764*00%  0.025+0.014 01690046  5.343(0072  Caiias et al. (2018)
ZTFJ2020+5033  0.07928 80.1*1%0  1.05070910  2856+6 0.134:5%0%  0.176:3%2  0.0£0.0 0.0£0.0 527800} El-Badry etal. (2023)
TOI-587b 8.04 SLIFTL 132097 9800729 2337012 2,015 0.051+6%49 0.08+311 4.69701095  Grieves et al. (2021)
TOI-1712b 35666 82.01700 17400950 6860+40  1.63070910  3.100*09%  0.090+0.072  -02x0.10 4.848*00%  Schmidt et al. (2023)
TOI-746b 1098 82244 095709 5690*140 0.94*5% 0.97+5% 0.199+0003 -0.02:0% 5.3720143  Grieves etal. (2021)
TOI-4635b 122769 84.0°2) 10270015 455567  0.698°0%27  0.683'0511  0.4906=0.0015 —0.091£0.039 5.321*0%%  Vowell etal. (2025)
EBLM J0555-57Ab  7.76 082705 6368715 118008 1.00*00 0.090*9904 —0.04+01% 5.529*15¢  von Boetticher et al. (2017)
TOL-681b 15.78 1525025 7440%130 1.54+0% 14700 0.093*0922 -0.08+3%3 4.997*0153 Grieves et al. (2021)
OGLE-TR-123b 1.80 129505 6700135 1.29+92¢ 1.55+019 0 (fixed) - 5.140%0%%5  Pont et al. (2006)

3 0.2 +87 +0.05 +0.01 +0.001 +0.08 +0.050 irel
TOI-694b 48.05 3 LI% 5496+ 097400 1.00*001 0.519*9.%01 021008 5275'00  Mireles et al. (2020)
TOI-1608b 24727 907437 12170%  5950+100  1.387)%° 2.222:00076  0.04100% 0.1£03 5.220%0%%  Linetal. (2023)
TOL-5467b 26571 91625, 11267003 6740+ 160 151270960 1531005 0.0439+0.0006 0.28 +0.09 527219870 Vowell et al. (2025)
KOI-607b 5.89 951533 1.09%0% 5418+ 0.99+003 0924093 0.395*0.909 0.38+008 5.316*90%  Carmichael et al. (2019)

1. . .04 . .07 . :
EBLM J1219-39%b  6.76 954119 1147051 541278 0.83+0% 0.81+5%4 0.055+39% -0.21+097 5.279*0%%0  Triaud et al. (2013)
TIC-320687387B  29.77  962f)  1.1470% 578073 1.0853%3 1167092 03660903 03009 Gill et al. (2022)
OGLE-TR-122b 727 96.4t§-3 1 17t§ ;g 5700%@ 0.98j§'(:3 1 .osjg-ﬁg 0.205f§-§§§ 0.1 5+§%§ 5.251 +§E%: Pont et al. (2005)
TOI-1213b 27.22 975;2,'g Lsojgﬂgg 55901%0 0.9913;8g 0,9918_gg 049318_8% 02513‘3? 4,962j8_32? Grieves et al. (2021)
K2-76b 1199 98750 08970 5747%% 0.96*0%3 117508 0.255%0.007 0.01+003 3.528+0%1,  Shporer et al. (2017)
CoRoT-101186644  20.68  100.6*113  1.01°02 609020 1204020 107097 0.402+0.906 02002 54060282 Tal-Or et al. (2013)
TOI-3122b 6.1836  101.5%%,  1.23570075  6120%159 12474007 1336*092  0.4704 £0.008 029 +0.11 5.237:0%1  Vowell et al. (2025)
TOI-475%b 9.65779  102:78  0.993*0%82 5680+ 150  1.242*015  1.927:0}l 02424200032 028 +0.17 54284015 Vowell et al. (2025)
12343+29Ab 1695 1027773 124709 515035 0.86319 o.ssjg;gg 0.161+0002 0.07+5% . 5.235jg;{g§ Chaturvedi et al. (2016)
EBLM J0954-23Ab  7.57 8 0.98j§‘l‘|j 6406%%3 1.17j§'§§ 1.2315-(}5 0.042j§-§§i -0.01 jgi 3 5.42415-(}]% von Boetticher et al. (2019)
KOI-686b 52.51 1034448 122700 5834+100 0.980%7 1.04+093 0.556+004 -0.06+013 5.254*0071  Diaz et al. (2014)
TIC-220568520b  18.56  107.2°32  1.25%0%  5589*8! 103400 L01#001 0.096*9.93 026097 5.239*0042  Mireles et al. (2020)
TOI-4462b 49133 107.6°%, 128670971 5960120  1.367013 2.149%988  0.0202+0.0037  0.09 £0.16 5.226*01%  Vowell etal. (2025)
TOI-5240b 407930 127.6*3 17011 7340 £360  1.744*006  2.3g+0.12 001090012 =0.13£0.19  5.058*0111  Vowell et al. (2025)

Appendix B: Posterior probability distribution for the system TOI-6508.
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Fig. B.1: Posterior probability distribution for the TOI-6508 system parameters derived from our global MCMC analysis. The median value for

each parameter is represented by the vertical dashed lines.
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