
    
      Table 1 

      Main astrometric, kinematic and photometric properties of μ2 Sco collected from the literature.

      
        


	Name
	Value
	Reference





	α (°, J2016.0)
	253.083869820(64)
	(1)



	δ (°, J2016.0)
	−38.017636551(38)
	(1)



	[image: equation]
	−11.772 ± 0.022
	(2)



	μδ (mas yr−1)
	−23.105 ± 0.021
	(2)



	RV(kms−1)
	1.3 ± 0.8
	(3)



	υ sin i (km s−1)
	52 ± 5
	(4)



	V (mag)
	3.565 ± 0.005
	(5)



	G (mag)
	3.543 ± 0.003
	(1)



	J (mag)
	4.15 ± 0.28
	(6)



	H (mag)
	4.159 ± 0.25
	(6)



	K (mag)
	4.292 ± 0.31
	(6)



	Spectral type
	B2IV
	(7)





      

      
References. (1) Gaia Collaboration (2021); (2) Kervella et al. (2019); (3) Gontcharov (2006); (4) Brown & Verschueren (1997); (5) Mermilliod (2006); (6) Cutri et al. (2003); (7) Hiltner et al. (1969).




    

  
    
      Table 2 

      Defining criteria for the UCL, LS and ELS samples used throughout this paper.

      
        


	Criterion
	UCL
	LS
	ELS





	Initial catalog
	Damiani et al. (2019), bona fide sources
	Damiani et al. (2019), bona fide sources
	Gaia EDR3



	Galactic longitude (°)
	313 < l < 343
	339 < l < 350
	345 < l < 347.5



	Galactic latitude (°)
	−
	1.5 < b < 7.7
	3.3 < b < 5. 0



	Right ascension (°)
	−
	−
	251 < α < 255



	Declination (°)
	−
	−
	−40 < α < −36



	Parallax (mas)
	−
	5.3 < π < 6.2
	5.3 < π < 6.5



	Proper motion along α (mas yr−1)
	−
	−
	[image: equation]



	Proper motion along δ (mas yr−1)
	−
	−
	−25.0 <μδ < −16.1



	Velocity along α (km s−1)
	−
	−11.2 < υα < −8.5
	−10 < υα < −7



	Velocity along δ (km s−1)
	−
	−19.3 < υδ < −16.5
	−21 < υα < −16



	




	No. of sources
	3842
	575
	73





      

      
Notes. The criteria should be interpreted as an addition to the cuts already applied in the definition of the initial catalog. Equatorial coordinate and proper motions refer to the ICRS at epoch J2016.0.




    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Proper motion components of LS (blue) and ELS (orange) members. Both →1 Sco and →2 Sco are consistent with membership to ELS.

      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Sky coordinates of bona fide Sco-Cen members from Damiani et al. (2019), shown as black dots. Classical boundaries for UCL are indicated by the red box. A zoom of LS (blue) and ELS (orange) region is drawn in the upper-right corner; →2 Sco is indicated by the black star.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Parallax distribution of ELS stars. We adopt → = 5.9 ± 0.2 mas as parallax prior for →2 Sco.

      

    

  
    
      Table 4 

      Literature surface gravity estimates for μ2 Sco.

      
        


	Source
	log g





	(1)
	3.9 ± 0.2



	(2)
	3.9



	(3)
	3.6 ± 0.2



	(4)
	3.916



	




	Adopted
	3.8 ± 0.2





      

      
Notes. References for each estimate are provided in the first column.


References. (1) de Geus et al. (1989); (2) Wolff (1990); (3) Grigsby et al. (1992); (4) Nieva (2013).




    

  
    
      Table 5 

      Stellar parameters of μ2 Sco derived in this work.

      
        


	Name
	Value





	Parallax (mas)
	5.9 ± 0.2



	Teff (K)
	21 700 ± 900



	E(B − V) (mag)
	0.022 ± 0.006



	A(V) (mag)
	0.068 ± 0.015



	Age (Myr)
	20±4



	Mass (M⊙)
	9.1 ± 0.3



	Radius (R⊙)
	5.6 ± 0.2





      

    

  
    
      Table 6 

      Details of the observations of μ2 Sco.

      
        


	UT Date
	Instr.
	Filter
	DIT (s)
	Nexp
	Rot(°)
	Seeing(")
	Strehl H band
	Airmass
	True north corr. (°)
	Platescale (mas pixel−1)





	2018-04-24
	IFS
	YJH
	16
	174
	53.0
	0.35
	0.91
	1.03
	−1.761 ± 0.06
	7.46 ± 0.02



	2018-04-24
	IRDIS
	K12
	16
	104
	43.8
	0.35
	0.91
	1.03
	−1.761 ± 0.06
	12.256 ± 0.016



	2021-06-04
	IFS
	YJH
	16
	186
	53.2
	0.33
	0.90
	1.03
	−1.780 ± 0.07
	7.46 ± 0.02



	2021-06-04
	IRDIS
	K12
	16
	161
	51.3
	0.33
	0.90
	1.03
	−1.780 ± 0.07
	12.261 ± 0.005





      

      
Notes. DIT is the integration time, Nexp the number of frames after selection (out of 192 frames), Rot is the total FoV rotation. The seeing and the Strehl ratio are averages over the duration of the exposures.




    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        IFS images of →2 Sco obtained with ASDI-PCA with 25 modes (left panel: first epoch; right panel: second epoch). The star is at the center of the image but not visible due to the presence of the coronagraphic mask – which artificially masks the innermost ~90 mas of the image – and the aggressive data analysis method used. The probable companion CC0 is the source inside the white circle. A background source is visible on the lower left of the first-epoch image.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Position of CC0 at different wavelengths. (A) J-band image, first epoch; (B) H-band image, first epoch; (C) J-band image, second epoch; (B) H-band image, second epoch. The Y-band image is not shown due to the extreme faintness of the source. White circles indicate the best-fit positions from Table E.1; circle radii have been enlarged to ~10 times the uncertainties on best-fit positions to enhance visibility. Unlike a speckle (red circle), the separation of CC0 does not increase with wavelength.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        (K1 → K2, K) color magnitude diagram of known substellar companions and field objects. IRDIS CCs only seen in one epoch are shown as red dots. The position of CC0 ( = →2 Sco b) is consistent with that expected for a young object.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Astrometric motion of CCs present in both epochs. As the plot shows the difference in separation between the two epochs, a comoving source should be close to the origin (labeled by “2018”). A background source with null proper motion will move according to the dashed curve as a reflection of the target’s motion, ending in the blue circle labeled as ‘2021’ at the second epoch. The motion of CC0 (labeled by '0') and CC2 (labeled by ‘2’) is distinct from the cloud of background contaminants.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Subset of possible orbits for the robust companion candidate →2 Sco b. (A) Sky-projected orbital fit (orange star icon) based on the 2018 and 2021 epochs which overlap at this scale, showing 100 randomly drawn orbits from the orbitize! MCMC chains. The position of →2 Sco is indicated by the yellow star. (B) Evolution over time of the planet-star separation (→); measured points and the corresponding error bars are shown in purple. (C) Evolution over time of the position angle (PA); again, measured points and the corresponding error bars are shown in purple.

      

    

  
    
      Table 7 

      Absolute magnitudes, mass, projected separation, semimajor axis, eccentricity and inclination for the robust μ2 Sco b and the probable CC0.

      
        


	
	F1 (mag)
	F2 (mag)
	Mass (MJ)
	q
	Proj. sep (au)
	a (au)
	e
	i (°)





	μ2 Sco b
	9.86 ± 0.33
	9.48 ± 0.32
	14.4 ± 0.8
	0.0015(1)
	290 ± 10
	[image: equation]
	[image: equation]
	[image: equation]



	CC0
	11.51 ± 1.10
	9.69 ± 0.38
	18.5 ± 1.5
	0.0019(2)
	21 ± 1
	[image: equation]
	[image: equation]
	[image: equation]





      

      
Notes. Here (F1, F2) = (K1, K2) for →2 Sco b, (J, H2) for CC0.




    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Posterior distributions of orbital parameters for the robust companion µ2 Sco b. Corner plot showing the posterior distributions from orbitize! for semi-major axis (a), eccentricity (e) and inclination (i). The 16th (left dashed line), 50th (middle dashed line) and 84th (right dashed line) percentiles of each parameter distribution are indicated, and the 50th percentile (median) value is listed with 1→ uncertainties derived from the lower and upper percentiles. One percent of all chains, representing long-tail values, have been excluded from the corner plots for clarity, but are still considered for the percentile calculations. No priors or constraints have been given for any of the parameters.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Subset of possible orbits for the probable CC0. (A) Sky-projected orbital fit (orange star icons) based on the 2018 and 2021 epochs, showing 100 randomly drawn orbits from the orbitize! MCMC chains. The position of →2 Sco is indicated by the yellow star. (B) Evolution over time of the planet-star separation (→); measured points and the corresponding error bars are shown in purple. (C) Evolution over time of the position angle (PA); again, measured points and the corresponding error bars are shown in purple.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Posterior distributions of orbital parameters for the probable CC0. Corner plot showing the posterior distributions from orbitize! for semi-major axis (a), eccentricity (e) and inclination (i) derived in the same way as in Fig. 11.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Mass ratio vs. irradiation for known exoplanets. Only exoplanets whose stellar host mass is known to a precision of at least 30% are shown. Each planet is labeled according to its detection method: transits in green, radial velocity in red, microlensing in orange and direct imaging in blue. BEAST discoveries are overplotted with larger blue symbols, and circular orbits with radius equal to the observed projected distance are assumed; Solar System planets (images from NASA) are also shown for reference. µ2 Sco b can be considered a Jupiter analog both in terms of irradiation and mass ratio (similar to the directly imaged 51 Eridani b; Macintosh et al. 2015, obscured here by the icon for Jupiter) while the irradiation received by probable CC0 is similar to Mercury’s. Sources: NASA Exoplanet Archive (https://exoplanetarchive.ipac.caltech.edu/), the Extrasolar Planets Encyclopaedia (http://exoplanet.eu/).

      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Results of the first optimization test of stellar parameters. Corner plot showing the posterior distribution of the quadruplets (M, R, Teff, π) consistent with the observational filter for the optimization test based on Pecaut & Mamajek (2013).

      

    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
        Results of the second optimization test of stellar parameters (constant metallicity). Corner plot showing the posterior distribution of the doublets (M, π) consistent with the observational filter for the optimization test based on PARSEC isochrones at fixed [Fe/H]=0.00. The corresponding Teff, R and age distribution are shown too.

      

    

  
    
      Fig. A.3 

      
        [image: thumbnail]
      

      
        Results of the second optimization test of stellar parameters (constant age). Corner plot showing the posterior distribution of the doublets (Μ,π) consistent with the observational filter for the optimization test based on PARSEC isochrones at fixed t = 16 Myr. The corresponding Teff, R and [Fe/H] distribution are shown too.
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