
    
      Fig. 3 
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        Individual TESS (Sectors 10, 37 and 63) and ground-based (collected with SPECULOOS-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.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Secondary eclipse observations of TOI-6508 b 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.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        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 Å and for clarity (zero points are indicated 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 Å region containing the Hα emission (detected) and Li I absorption lines (absent).

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        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-i0 image from LCO-SAAO-1.0m taken in 2024.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        TESS systematics-insensitive periodogram (TESS-SIP) of TOI-6508 using the TESS data from Sectors 10, 37 and 63 (blue line).

      

    

  
    
      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)



	μRA (mas yr−1)
	−413.59 ± 0.06
	(1)



	μDec (mas yr−1)
	−35.14 ± 0.03
	(1)



	Distance (pc)
	48.44 ± 0.12
	(1)



	




	Photometric properties
	
	



	TESSmag
	14.309 ± 0.008
	(2)



	Vmag (UCAC4)
	17.18 ± 0.20
	(3)



	Bmag (UCAC4)
	18.3
	(3)



	Rmag (UCAC4)
	16.7
	(3)



	Jmag (2MASS)
	12.39 ± 0.02
	(4)



	Hmag (2MASS)
	11.83 ± 0.03
	(4)



	Kmag (2MASS)
	11.49 ± 0.02
	(4)



	Gmag (Gaia DR3)
	15.79 ± 0.001
	(1)



	W1mag (WISE)
	11.310 ± 0.022
	(5)



	W2mag (WISE)
	11.098 ± 0.021
	(5)



	W3mag (WISE)
	10.89 ± 0.09
	(5)



	W4mag (WISE)
	8.995
	(5)



	




	Spectroscopic and derived parameters
	



	Teff (K)
	2930 ± 70
	This work



	log g★ (dex)
	5.05 ± 0.02
	This work



	[Fe/H] (dex)
	−0.22 ± 0.08
	This work



	M★ (M⊙)
	0.174 ± 0.004
	(a) This work



	R★ (R⊙)
	0.205 ± 0.006
	(a) This work



	Fbol (erg s−1 cm−2)
	(4.48 ± 0.21) × 10−11
	This work



	Aυ (mag)
	0.1 ± 0.1
	This work



	ρ★ (ρ⊙)
	20.2 ± 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). (a)Stellar mass and radius values are computed from Mann et al. (2015); Mann et al. (2019).




    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Posterior probability distribution of eccentricity and mass of TOI-6508 b. Vertical colored lines show the evolutionary models from Baraffe et al. (2003).

      

    

  
    
      Table 5 

      Derived physical parameters of the TOI-6508 b system with 1-σ 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



	[image: equation]
	0.29 ± 0.02



	[image: equation]
	0.19 ± 0.04



	u1,Sloan-i′
	0.43 ± 0.01



	u2,Sloan-i′
	0.30 ± 0.01



	u1,Sloan-r′
	0.70 ± 0.01



	u2,Sloan-r′
	0.19 ± 0.01



	u1,Johnson–V
	0.73 ± 0.01



	u2,Johnson–V
	0.19 ± 0.01



	




	Derived stellar parameters



	




	Stellar mass, M★ (M⊙)
	[image: equation]



	Stellar radius, R★ (R⊙)
	[image: equation]



	Mean density, ρ★ (ρ⊙)
	[image: equation]



	Luminosity, L★ (L⊙)
	[image: equation]



	Effective temperature, Teff (K)
	[image: equation]



	




	Derived BD parameters



	




	Radius ratio Rp/R★
	[image: equation]



	Orbital period P (days)
	[image: equation]



	Transit-timing T0
	10399.8462781 ± 0.0000685



	(BJDTDB – 2450 000)
	



	Orbital semi-major axis a (AU)
	0.08659 ± 0.00296



	Impact parameter b (R★)
	[image: equation]



	Transit duration W (min)
	109.2 ± 0.5



	Scaled semi-major axis a/R★
	[image: equation]



	Orbital inclination i (deg)
	89.60 ± 0.04



	Eccentricity e
	[image: equation]



	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]



	RV semi-amplitude K (km/s)
	[image: equation]



	Mass ratio MBD/M★
	[image: equation]



	BD Radius RBD (RJupiter)
	[image: equation]



	BD Mass MBD (MJupiter)
	[image: equation]



	BD density ρBD (g/cm3)
	[image: equation]



	Surface gravity log gBD
	[image: equation]



	Incident flux < F > (< F⊕ >)
	[image: equation]





      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Eccentricity as function of the mass of transiting BDs from Table A.1. The color of each point indicates the effective temperature of the host star. TESS BD systems are highlighted by the stars, and other systems are shown by dots. TOI-6508 b is highlighted by the black circle.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        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 according to the stellar effective temperature.

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Radius against mass of transiting BDs from Table A.1. The solid colored lines indicate the evolutionary models from Baraffe et al. (2003) with different ages from 0.1 to 10 Gyr. TOI-6508 b is highlighted by the black dot with error bars.

      

    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
        Surface gravity measurements log gBD as function of mass of transiting BDs from Table A.1. The solid colored lines indicate the evolutionary models from Baraffe et al. (2003) with different ages from 0.1 to 10 Gyr. TOI-6508 b is highlighted by the black dot with error bars.

      

    

  
    
      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]
	M2 [MJup]
	R2 [RJup]
	Teff [K]
	M1 [M⊙]
	R1 [R⊙]
	ecc
	[Fe/H]
	log g2
	Source





	TOI-4603b
	7.246
	[image: equation]
	1.04 ± 0.04
	6264 ± 95
	1.77 ± 0.06
	2.74 ± 0.05
	0.325 ± 0.02
	0.34 ± 0.04
	[image: equation]
	Khandelwal, A. et al. (2023)



	HATS-70b
	1.89
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	<0.18
	[image: equation]
	[image: equation]
	Zhou et al. (2019)



	TOI-1278b
	14.48
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Artigau et al. (2021)



	GPX-1b
	1.74
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	0 (fixed)
	[image: equation]
	[image: equation]
	Benni et al. (2021)



	Kepler-39b
	21.09
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Bonomo et al. (2015)



	CoRoT-3b
	4.26
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	0 (fixed)
	[image: equation]
	[image: equation]
	Deleuil et al. (2008)



	TOI-5882b
	7.1489
	[image: equation]
	[image: equation]
	6000 ± 190
	[image: equation]
	[image: equation]
	0.0347 ± 0.0082
	0.378 ± 0.084
	[image: equation]
	Vowell et al. (2025)



	KELT-1b
	1.22
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Siverd et al. (2012)



	NLTT41135b
	2.89
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	< 0.02
	0 (fixed)
	[image: equation]
	Csizmadia (2016)



	WASP-128b
	2.21
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	< 0.007
	[image: equation]
	[image: equation]
	Hodžić et al. (2018)



	CWW89Ab
	5.29
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Nowak et al. (2017)



	KOI-205b
	11.72
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	< 0.031
	[image: equation]
	[image: equation]
	Díaz et al. (2013)



	TOI-1406b
	10.57
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Carmichael et al. (2020)



	TOI-3755b
	5.5437
	[image: equation]
	[image: equation]
	5630±170
	[image: equation]
	[image: equation]
	0.005 ± 0.0031
	0.339 ± 0.091
	[image: equation]
	Vowell et al. (2025)



	EPIC212036875b
	5.17
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Persson et al. (2019)



	TOI-503b
	3.68
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	0 (fixed)
	[image: equation]
	[image: equation]
	Šubjak et al. (2020)



	TOI-852b
	4.95
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Carmichael et al. (2021)



	TOI-2844b
	3.552
	[image: equation]
	[image: equation]
	6900±220
	[image: equation]
	[image: equation]
	0.429 ± 0.048
	0.061 ± 0.12
	[image: equation]
	Vowell et al. (2025)



	AD3116b
	1.98
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	0 (fixed)
	[image: equation]
	Gillen et al. (2017)



	CoRoT-33b
	5.82
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Csizmadia et al. (2015)



	TOI-3577b
	5.2667
	[image: equation]
	[image: equation]
	6510 ± 870
	[image: equation]
	[image: equation]
	0.005 ± 0.008
	−0.21 ± 0.44
	[image: equation]
	Vowell et al. (2025)



	RIK72b
	97.76
	[image: equation]
	[image: equation]
	3349 ± 142
	[image: equation]
	[image: equation]
	0.1079 ± 0.0116
	0.0 ± 0.0
	[image: equation]
	(David et al. 2019)



	TOI-811b
	25.17
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Carmichael et al. (2021)



	TOI-263b
	0.56
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Parviainen et al. (2020)



	KOI-415b
	166.79
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Moutou et al. (2013)



	WASP-30b
	4.16
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	< 0.004
	[image: equation]
	[image: equation]
	Triaud et al. (2013)



	LHS6343c
	12.71
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Johnson et al. (2011)



	CoRoT-15b
	3.06
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	0 (fixed)
	[image: equation]
	[image: equation]
	Bouchy et al. (2011)



	TOI-569b
	6.56
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Carmichael et al. (2020)



	TOI-2119b
	7.20
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Carmichael et al. (2022)



	TOI-1982b
	17.17
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Psaridi et al. (2022)



	NGTS-28Ab
	1.25
	[image: equation]
	0.95±0.05
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Henderson et al. (2024)



	EPIC201702477b
	40.74
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Bayliss et al. (2017)



	TOI-629b
	8.72
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Psaridi et al. (2022)



	TOI-4737b
	9.320
	[image: equation]
	[image: equation]
	6330±220
	[image: equation]
	[image: equation]
	0.018 ± 0.022
	0.25 ± 0.11
	[image: equation]
	Vowell et al. (2025)



	TOI-2543b
	7.54
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Psaridi et al. (2022)



	HIP33609b
	39.4718
	[image: equation]
	[image: equation]
	10400±800
	[image: equation]
	[image: equation]
	0.560 ± 0.031
	−0.01 ± 0.20
	[image: equation]
	Vowell et al. (2023)



	LP261-75b
	1.88
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	< 0.007
	0.0
	[image: equation]
	Irwin et al. (2018)



	NGTS-19b
	17.84
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Acton et al. (2021)



	TOI-2336b
	7.71198
	[image: equation]
	[image: equation]
	6550 ± 100
	[image: equation]
	[image: equation]
	0.010 ± 0.006
	0.0 ± 0.03
	[image: equation]
	Lin et al. (2023)



	CoRoT-34b
	2.1185
	[image: equation]
	[image: equation]
	7820 ± 160
	[image: equation]
	[image: equation]
	0.00 ± 0.00
	−0.20 ± 0.20
	[image: equation]
	Sebastian et al. (2022)



	TOI-2533b
	6.6847
	[image: equation]
	[image: equation]
	6180 ± 80
	[image: equation]
	[image: equation]
	0.060 ± 0.070
	−0.3 ± 0.20
	[image: equation]
	Ferreira dos Santos et al. (2024)



	TOI-6508b
	18.99
	[image: equation]
	[image: equation]
	3003 ± 100
	[image: equation]
	[image: equation]
	0.28 ± 0.08
	−0.22 ± 0.08
	[image: equation]
	This work



	NGTS-7Ab
	0.68
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	0 (fixed)
	0 (fixed)
	[image: equation]
	Jackman et al. (2019)



	TOI-148b
	4.87
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Grieves et al. (2021)



	TOI-2521b
	5.5630
	[image: equation]
	[image: equation]
	5600 ± 100
	[image: equation]
	[image: equation]
	0.0 ± 1.10
	0.3 ±0.3
	[image: equation]
	Lin et al. (2023)



	KOI-189b
	30.36
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]°
	[image: equation]
	Díaz et al. (2014)



	Kepler-503b
	7.2584
	[image: equation]
	[image: equation]
	5670 ± 100
	[image: equation]
	[image: equation]
	0.025 ± 0.014
	0.169 ± 0.046
	[image: equation]
	Cañas et al. (2018)



	ZTFJ2020+5033
	0.07928
	[image: equation]
	[image: equation]
	2856 ± 6
	[image: equation]
	[image: equation]
	0.0 ± 0.0
	0.0 ± 0.0
	[image: equation]
	El-Badry et al. (2023)



	TOI-587b
	8.04
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Grieves et al. (2021)



	TOI-1712b
	3.5666
	[image: equation]
	[image: equation]
	6860 ± 40
	[image: equation]
	[image: equation]
	0.090 ± 0.072
	−0.2 ± 0.10
	[image: equation]
	Schmidt et al. (2023)



	TOI-746b
	10.98
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Grieves et al. (2021)



	TOI-4635b
	12.2769
	[image: equation]
	[image: equation]
	4555±67
	[image: equation]
	[image: equation]
	0.4906 ± 0.0015
	−0.091 ± 0.039
	[image: equation]
	Vowell et al. (2025)



	EBLM J0555-57Ab
	7.76
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	von Boetticher et al. (2017)



	TOI-681b
	15.78
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Grieves et al. (2021)



	OGLE-TR-123b
	1.80
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	0 (fixed)
	-
	[image: equation]
	Pont et al. (2006)



	TOI-694b
	48.05
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Mireles et al. (2020)



	TOI-1608b
	2.4727
	[image: equation]
	[image: equation]
	5950±100
	[image: equation]
	[image: equation]
	[image: equation]
	0.1 ± 0.3
	[image: equation]
	Lin et al. (2023)



	TOI-5467b
	2.6571
	[image: equation]
	[image: equation]
	6740±160
	[image: equation]
	[image: equation]
	0.0439 ± 0.0006
	0.28 ± 0.09
	[image: equation]
	Vowell et al. (2025)



	KOI-607b
	5.89
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Carmichael et al. (2019)



	EBLM J1219-39b
	6.76
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Triaud et al. (2013)



	TIC-320687387 B
	29.77
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	
	Gill et al. (2022)



	OGLE-TR-122b
	7.27
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Pont et al. (2005)



	TOI-1213b
	27.22
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Grieves et al. (2021)



	K2-76b
	11.99
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Shporer et al. (2017)



	CoRoT-101186644
	20.68
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Tal-Or et al. (2013)



	TOI-3122b
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