
    
      Fig. 3 
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        Measured contrast of each companion at the measured separations with stacked 5σ contrast curves corresponding to measured on-sky performance from VLT/SPHERE data for IRDIS H2 bands. The detection probability scale is shown on the right. The darker color corresponds to a lower likelihood of detectability with imaging with VLT/SPHERE IRDIS H2 band, and the lighter colors correspond to a higher likelihood of detectability at a given separation and contrast ratio. The astrometry and photometry for HD 157338 and HD 195010 are each shown as an average of the two 2021 SPHERE H2 band data points.

      

    

  
    
      Fig. 5 
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        Same as Fig. 4, but for HD 142234 B+C. Here the orbital fit is performed with HD 142234 B+C together.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Same as Fig. 4, but for HD 157338 B. Top left: radial-velocity orbit induced by HD 157338 B. The white data points show the HIRES data, the blue data points show the COR-98 data, the cyan data points show the HARPS data, the yellow points show the COR-07 data, and the green points show the COR-14 data. Top right: predicted past and future relative astrometric points are shown as black circles with their respective years, while the observed relative astrometric points from the 2006 VLT/NACO data and the 2021 VLT/SPHERE data are shown as blue filled data points, where the measurement error is smaller than the plotted symbol.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Relative separation and position angle of HD 195010 B across three epochs of data. The 2006 data corresponds to the VLT/NACO data reported by Montagnier (2008), and the 2021 data point correspond to the VLT/SPHERE data presented in this paper. The residuals are shown in the bottom two panels.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Same as Fig. 4, but for HIP 22059 B. Top left: radial-velocity orbit induced by HIP 22059 B. The blue data points show the COR-98 data, the yellow points show the HARPS data, the green points show the COR-07 data, and the cyan points show the COR-14 data.

      

    

  
    
      Table 5 

      Contrast and dynamical mass values for each stellar companion.

      
        


	Companion
	Contrast (H2)
	Contrast (H3)
	App Mag (H2MASS)
	Abs Mag (H2MASS)
	Mdyn (M⊙)
	Mdyn (MJup)





	HD 92987 B
	5.26 ± 0.10
	5.21 ± 0.12
	10.87 ± 0.08
	7.67 ± 0.09
	0.26 ± 0.02
	[image: equation]



	HD 142234 B
	2.30 ± 0.01
	2.22 ± 0.01
	9.28 ± 0.02
	5.90 ± 0.02
	0.46 ± 0.02
	[image: equation]



	HD 142234C
	3.17 ± 0.01
	3.09 ± 0.01
	10.15 ± 0.02
	6.77 ± 0.02
	0.41 ± 0.03
	[image: equation]



	HD 143616 B
	3.87 ± 0.09
	3.78 ± 0.08
	10.48 ± 0.06
	7.36 ± 0.06
	0.28 ± 0.01
	[image: equation]



	HD 157338 B
	3.93 ± 0.02 (a)
	3.84 ± 0.03 (b)
	9.57 ± 0.03
	6.98 ± 0.03
	0.34 ± 0.01
	359.3 ± 10.5



	HD 195010 B
	4.76 ± 0.08 (a)
	4.73 ± 0.07 (b)
	11.86 ± 0.06
	8.35 ± 0.05
	0.21 ± 0.003
	[image: equation]



	HIP 22059 B
	4.07 ± 0.02
	3.99 ± 0.02
	11.19 ± 0.04
	8.75 ± 0.03
	0.24 ± 0.004
	[image: equation]





      

      
Notes. Contrast values measured in the H2 and H3 bands as described in Sect. 4, along with calculated apparent and absolute magnitudes in the H2MASS band using a combination of the extracted values from the H2 and H3 contrasts (where the full contrast values for H2 and H3 are listed in Table 3), and each companion’s corresponding dynamical mass value (Mdyn). (a) Average contrast value from the two VLT/SPHERE H2 2021 observations. (b) Average contrast value from the two VLT/SPHERE H3 2021 observations.




    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Comparison of the dynamical masses and the H-band magnitudes of the companions to theoretical mass-luminosity relations. We adopted the mass-luminosity relations from PARSEC models for low-mass stars (Bressan et al. 2012; Chen et al. 2014) at low (Z = 0.05, dotted orange line), intermediate (Z = 0.15, solid red line), and high (Z = 0.35, dashed orange line) metallicities. Most of our companions (blue dots with error bars and labels) agree reasonably well with the theoretical mass-luminosity relations, except for HIP 22059 B, as explained in Sect. 6.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Marginalized 1D and 2D posterior distributions for selected orbital parameters of HD 92987 B corresponding to the fit of the RV, relative astrometry from direct imaging observations, and absolute astrometry from Hipparcos and Gaia with the use of orvara (Brandt et al. 2021c). Confidence intervals at 15.85%, 50.0%, 84.15% are overplotted on the 1D posterior distributions; the median ± 1σ values are given at the top of each 1D distribution. The 1, 2, and 3σ contour levels are overplotted on the 2D posterior distribution.

      

    

  
    
      Fig. B.2 

      
        [image: thumbnail]
      

      
        Marginalized 1D and 2D posterior distributions for selected orbital parameters of HD 142234 B and HD 142234 C combined and treated as a single companion. The posterior distributions correspond to the fit of the RV, relative astrometry from direct imaging observations, and absolute astrometry from HIPPARCOS and Gaia with the use of orvara (Brandt et al. 2021c). Confidence intervals at 15.85%, 50.0%, 84.15% are overplotted on the 1D posterior distributions; the median ±1σ values are given at the top of each 1D distribution. Here 1, 2, and 3σ contour levels are overplotted on the 2D posterior distribution.

      

    

  
    
      Fig. B.3 

      
        [image: thumbnail]
      

      
        Marginalized 1D and 2D posterior distributions for selected orbital parameters of HD 143616 B corresponding to the fit of the RV, relative astrometry from direct imaging observations, and absolute astrometry from Hipparcos and Gaia with the use of orvara (Brandt et al. 2021c). Confidence intervals at 15.85%, 50.0%, 84.15% are overplotted on the 1D posterior distributions; the median ±1σ values are given at the top of each 1D distribution. Here 1, 2, and 3σ contour levels are overplotted on the 2D posterior distribution.

      

    

  
    
      Fig. B.4 

      
        [image: thumbnail]
      

      
        Marginalized 1D and 2D posterior distributions for selected orbital parameters of HD 157338 B corresponding to the fit of the RV, relative astrometry from direct imaging observations, and absolute astrometry from Hipparcos and Gaia with the use of orvara (Brandt et al. 2021c). Confidence intervals at 15.85%, 50.0%, 84.15% are overplotted on the 1D posterior distributions, with the median ±1σ values are given at the top of each 1D distribution. The 1, 2, and 3 σ contour levels are overplotted on the 2D posterior distribution.
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