
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Minimum mass (top panel) and mass ratio (bottom panel) vs. projected separation of companions detectable in the coronagraphic (blue lines) and non-coronagraphic (yellow lines) images, obtained using the COND evolutionary models (Baraffe et al. 2003) to convert the magnitude limits in Fig. 2. The solid lines show the median contrast obtained with the various methods described in Sect. 3.4. The dashed vertical line marks the coronagraphic radius. The dotted-dashed line in the top panel marks the hydrogen burning limit. We note that objects with multiple epochs will appear more than once.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Contrast (in Δmag) vs. projected separation of all the detected companions. The different plot symbols reflect the various reduction methods described in Sect. 3. The dotted line marks the position of the edge of the coronagraph. The average contrast obtained for the automatic detections on non-coronagraphic observations is shown for comparison (black dashed line; see Sect. 3.3 for details). The shaded area marks a 1σ boundary around it. The corresponding limit for the standard reduction would be below the plot limits. We note that objects with multiple epochs will appear more than once if different reduction methods were used.

      

    

  
    
      Table 6. 

      SPHERE astrometry and photometry for all the stars in the sample.

      
        


	ID
	Obs. Date
	rho
	PA
	IFS Phot.

	IRDIS Phot.

	Prob bkg
	Red.meth



	
	(MJD)
	(mas)
	(°)
	ΔY
	ΔJ
	ΔH2
	ΔH3
	ΔK1
	ΔK2
	
	





	HIP 2729 B
	57357.01
	25.51 ± 1.13
	254.0 ± 3.9
	
	0.03
	
	
	
	
	1.52e−10
	NcP



	
	58378.19
	26.75 ± 0.09
	245.0 ± 1.2
	0.08
	0.08
	
	
	
	
	
	NcP



	AF Hor Ab
	57323.19
	50.40 ± 1.72
	302.20 ± 0.93
	0.13
	0.06
	
	
	
	
	7.16e−10
	NcM



	TYC 8491-0656-1 Ab
	58088.09
	45.41 ± 1.02
	104.02 ± 2.24
	−0.04
	−0.02
	
	
	
	
	
	NcA



	TYC 8497-0995-1 B
	57356.08
	62.88 ± 0.85
	348.06 ± 11.06
	0.79
	1.12
	
	
	
	
	1.39e−09
	NcM



	HIP 17157 B
	57675.26
	1423.40 ± 3.54
	314.38 ± 0.18
	
	
	3.38
	3.34
	
	
	2.51e−06
	NcM



	HIP 17157 C
	57675.26
	1764.91 ± 4.01
	266.27 ± 0.02
	
	
	2.74
	2.68
	
	
	2.06e−06
	NcM





      

      
Notes. Each epoch is reported separately. The last column shows the reduction method used, as described in Sect. 3. Reduction methods: NcM: non-coro manual (see Sect. 3.2); NcA: non-coro auto (see Sect. 3.3); NcP: non-coro partially resolved. Full version is available at the CDS.



    

  
    
      Table 10. 

      Orbital parameters for all the systems in our sample for which an orbital fit was possible.

      
        


	ID
	ρ
	a
	P
	T0
	e
	Ω
	ω
	i
	KA
	V0
	[image: equation]
	[image: equation]
	Method
	Data



	
	(″)
	(au)
	(yr)
	(yr)
	
	(°)
	(°)
	(°)
	(km s−1)
	(km s−1)
	(M⊙)
	(M⊙)
	
	





	AF Hor Aab
	0.11 ± 0.02
	4.8 ± 0.8
	10 pm 2
	2015.694
	0.62[image: equation]
	332.1
	302.3
	22.5 ± 22.5
	
	
	
	
	O
	AS



	TYC 8491-0656-1 Aaab
	0.0499 ± 0.0008
	2.2
	2.31 ± 0.12
	2014.803
	0.27 ± 0.01
	109
	261.8
	127.0 ± 1.7
	
	
	
	
	O
	AS



	HIP 17157 Aab
	> 1.09
	> 29
	> 160
	
	0.74 ± 0.04
	
	
	157 ± 22
	
	
	
	
	O
	AS+RV+PMA



	2MASS J05195513 AB
	0.53 ± 0.16
	30.7 ± 9
	198 ± 64
	2007 ± 52
	0.40[image: equation]
	1 ± 110
	3 ± 120
	135 ± 27
	
	
	
	
	MC
	AS



	TYC 7059-1111-1 Aab
	> 1.7
	> 106
	> 900
	
	0.2 ± 0.1
	268.4
	
	89.95
	
	
	
	
	O
	AS



	HIP 36985 AB
	0.482
	6.78
	20.2 ± 0.3
	2019.211
	0.147 ± 0.008
	134.24 ± 0.22
	79.02 ± 3.5
	92.84 ± 0.29
	2.40 ± 0.09
	−2.34 ± 0.08
	0.180 ± 0.007
	0.185
	O
	AS+RV+PMA



	HIP 37918 Aab
	0.0784 ± 0.013
	2.7
	3.78 ± 0.09
	2013.927 ± 0.018
	0.546 ± 0.015
	68 ± 136
	106 ± 136
	2.4
	
	
	
	
	O
	AS+RV+PMA



	TYC 8582-1705-1 AB
	0.057[image: equation]
	3.2[image: equation]
	6[image: equation]
	2020 ± 3
	0.86[image: equation]
	335 ± 110
	330 ± 110
	55[image: equation]
	
	
	
	
	MC
	AS



	TYC 8944 1516 1 AB
	0.030[image: equation]
	3.6[image: equation]
	7[image: equation]
	2018 ± 3
	0.84[image: equation]
	300 ± 90
	317 ± 90
	53[image: equation]
	
	
	
	
	MC
	AS



	GSC 08584-01898 AB
	0.53
	70.3
	700
	1770
	0.56
	137
	284
	109
	
	
	
	
	O
	AS+RV



	TYC 7191-007-1 AB
	1.4 ± 0.3
	175 ± 35
	1600 ± 500
	1920 ± 380
	0.25 ± 0.10
	123.14 ± 0.3
	160 ± 20
	82
	
	
	
	
	O
	AS



	HIP 55334 AB
	
	
	
	
	
	
	
	80 ± 6
	
	
	
	
	O
	AS+PMA



	HIP 65219
	0.069[image: equation]
	8.8[image: equation]
	14.5[image: equation]
	2020.3 ± 1.0
	0.33[image: equation]
	1 ± 110
	337 ± 120
	32[image: equation]
	
	
	
	
	MC
	AS



	HIP 79124 Aab
	> 0.12
	> 16
	> 50
	
	< 0.5
	65 ± 2
	
	63 ± 6
	
	
	
	
	O
	AS+PMA



	HIP 79156 Aab
	0.96 ± 0.13
	144 ± 20
	1180 ± 250
	2115 ± 300
	0.08 ± 0.04
	
	
	158 ± 10
	
	
	
	
	MC
	AS



	TYC 6820-223-1 AB
	0.117
	9.73 pm 0.15
	20.78 ± 0.84
	2009.35 ± 0.24
	0.264 ± 0.026
	35.3 ± 4.8
	12.8 ± 8.8
	147.2 ± 5.9
	
	
	
	
	O
	AS



	TYC 6872-1011-1 AB
	0.090 ± 0.014
	6.68 ± 1.0
	19 ± 4
	2019.56 ± 0.16
	0.52[image: equation]
	134.6 ± 2.5
	239 ± 8
	105.8 ± 1.0
	
	
	
	
	MC
	AS



	HIP 87386 AB
	0.168[image: equation]
	10.6[image: equation]
	23[image: equation]
	2020 ± 8
	0.48[image: equation]
	350 ± 100
	10 ± 110
	122 ± 16
	
	
	
	
	MC
	AS



	HIP 93580 AB
	0.215
	17.4
	28.1
	2000.4 ± 4.4
	0.27 ± 0.09
	118 ± 11
	156 ± 52
	59.6 ± 2.4
	3.58 ± 2.16
	−23.5 ± 0.5
	
	
	O
	AS+RV+PMA



	HIP 95149 AB
	0.208 ± 0.003
	4.16 ± 0.18
	8.702 ± 0.010
	2016.29 ± 0.36
	0.289 ± 0.033
	39.3 ± 5.1
	194 ± 15
	44.1 ± 2.4
	1.79 ± 0.31
	0.05 ± 0.06
	0.19 ± 0.03
	0.26[image: equation]
	O
	AS+RV+PMA



	HIP 97255 Aab
	0.275 ± 0.005
	8.02 ± 0.15
	19.36 ± 0.53
	2008.00 ± 0.15
	0.235 ± 0.006
	14.2 ± 0.5
	8.9 ± 2.1
	83.6 ± 1.9
	2.41 ± 0.05
	−8.05 ± 0.02
	0.261 ± 0.005
	0.29[image: equation]
	O
	AS+RV+PMA



	HIP 107948 Aab
	0.152 ± 0.004
	4.6 ± 0.1
	9.55 ± 0.09
	2019.33 ± 0.19
	0.41 ± 0.03
	48.4 ± 9.9
	106 ± 10
	28 ± 4
	
	
	
	
	O
	AS+PMA



	HIP 107948 AB
	0.98
	29.9
	165
	2010.4 ± 0.7
	0.398 ± 0.015
	216 ± 5
	132.8 ± 2.1
	38.6 ± 1.2
	
	
	
	
	O
	AS



	HIP 109427 AB
	0.235
	6.65
	10.896
	2014.85 ± 0.14
	0.53 ± 0.09
	193 ± 11
	61 ± 11
	52.5 ± 0.5
	
	
	
	
	O
	AS+PMA



	HIP 113201 AB
	0.262
	6.2
	19.835
	2015.465 ± 0.012
	0.507 ± 0.005
	275.3 ± 0.9
	22.7 ± 0.7
	179.9
	
	
	
	
	O
	AS+RV+PMA





      

      
Notes. For the few systems for which it is available, we report the dynamical mass of the secondary ([image: equation]). The mass obtained as described in Sect. 2.4 ([image: equation]) is reported for all objects. The last two columns list the code (O = Orbits; MC = Monte Carlo) and the kind of datasets used (AS = relative astrometry; RV = radial velocities, PMA = proper motion anomaly in HIPPARCOS and Gaia DR2 from Kervella et al. 2019) to obtain the orbital solution. Full version is available at the CDS.



    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Mass ratio q (see Sect. 5.2) vs. apparent separation (in au) for HIPPARCOS stars in our sample. Filled circles are binaries included in the catalogue by Kervella et al. (2019) and showing PMAs; empty diamonds are binaries that are included in the catalogue but not classified as PMAs; open triangles are stars that do not appear in the catalogue.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Probability of detecting additional companions around the stars in our sample, calculated using the Exoplanet Detection Map Calculator (Exo-DMC; see Bonavita 2020 for details) and the median mass limits shown in Fig. 3.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Mass ratio (MB/MA) vs. separation for the binaries in our sample, marked with circles for the young moving group members, triangles for the young field objects, and squares for the members of the Scorpius Centaurus region (US, LCC, and UCL in Table 2). The new systems discovered in this paper are marked by filled symbols. The plus signs show the position of the additional objects listed in Table 7. Different colours represent different ranges of primary masses.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Primary mass (MA) vs. mass ratio (MB/MA) for binaries in our reduced sample. The light grey squares and triangles show the position of the binaries in ScoCen and in the field excluded from the reduced sample, respectively. The plus signs show the position of the additional systems from Table 7. The dashed line shows the position of the hydrogen burning limit (MB = 0.08M⊙).

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Primary mass (MA) vs. secondary mass (MB) for binaries with separation between 0.05 and 0.5 arcsec in our sample. The light grey squares and triangles show the position of the binaries in ScoCen and in the field excluded from the reduced sample, respectively. The plus signs show the position of the additional systems from Table 7. The dashed line indicates mass equality.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        Mass ratio distribution obtained using the kernel density estimate (KDE) method (see e.g. Silverman 1986) and a Gaussian kernel with σ = 0.1. The solid blue line shows the result obtained for the systems in the complete sample described in Sect. 5.1 including the additional objects from Table 7, weighted according to their probability of being observed (see Sect. 5.1 for details). The grey shaded area shows the distribution obtained using the full sample of SHINE binaries from this work, while the dashed grey line shows the distribution obtained using only the SHINE young moving group systems included in the complete sample.

      

    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
        Mass ratio distribution obtained using the KDE method (see e.g. Silverman 1986) and a Gaussian kernel with σ = 0.1. The blue shaded area corresponds to the solid blue line in Fig. 14, while the coloured solid lines show the distributions for solar-type (gold) and low-mass (red) primaries.

      

    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        Dynamical mass (Mdyn) vs. photometric mass (Mphot) for the companions from our sample for which we were able to obtain an estimate of Mdyn (blue dots; see Table 10), as well as both components of the additional systems from Table 7 for which an orbital solution was available in Tokovinin & Briceño (2018).

      

    

  
    
      Table 11. 

      Observed and predicted values of the stellar rotational velocities (V sin i)obs and (V sin i)exp, respectively, in the hypothesis of spin-orbit alignment.

      
        


	System
	Prot
	R
	iorbit
	(V sin i)exp
	(V sin i)obs
	Ref.



	
	(days)
	(R⊙)
	(deg)
	(km s−1)
	(km s−1)
	





	AF Hor
	3.39 ± 0.12
	0.65 ± 0.08
	22.5 ± 22.5
	3.7 ± 4.3
	8.5 ± 1.9
	K14, T06



	TYC 8491-0656-1
	0.520 ± 0.003
	0.74 ± 0.16
	127 ± 1.7
	58 ± 14
	61 ± 20
	K14, T06



	HIP 17157
	8.0 ± 0.3
	0.81 ± 0.20
	157 ± 22
	2.0 ± 2.7
	5.0
	G20



	TYC 7059-1111-1
	0.697 ± 0.007
	0.66 ± 0.15
	89.95 ± 11
	48 ± 11
	41.5 ± 3.5
	T06



	HIP 36985
	11.1 ± 2.6
	0.61 ± 0.06
	92.8 ± 0.3
	2.8 ± 0.9
	5.0
	G20



	HIP 37918
	24 ± 8
	0.89 ± 0.26
	2.4 ± 2.4
	0.1 ± 0.1
	3.2 ± 1.5
	D06



	TYC 8582-1705-1
	3.03 ± 0.18
	0.69 ± 0.15
	55 ± 23
	9.5 ± 6.0
	13.4 ± 1.2
	T06



	HIP 55334
	0.797 ± 0.01
	1.42 ± 0.66
	80 ± 6
	89 ± 45
	106
	C11



	TYC 6820-223-1
	2.857
	0.81 ± 0.18
	147.2 ± 5.9
	7.8 ± 3.0
	14.6 ± 1.2
	T06



	TYC 6872-1011-1
	0.504 ± 0.005
	1.04 ± 0.35
	105.8 ± 1.0
	101.2 ± 35.5
	33.8 ± 3.4
	T06



	HIP 95149
	3.77 ± 0.29
	0.89 ± 0.24
	44.7 ± 2.4
	8.4 ± 3.3
	13.0 ± 1.0
	T06



	HIP 97255
	3.51
	0.99 ± 0.30
	83.6 ± 1.9
	14.3 ± 4.3
	11.0
	G20





      

      
Notes. Full version is available at the CDS. References: K14: Kraus et al. (2014); T06: Torres et al. (2006); G20: Grandjean et al. (2020); D06: Desidera et al. (2006b); C11: Chen et al. (2011).



    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        Comparison between the ages obtained by the gyro-chronological calibration using rotation periods from TESS (AgeRot) and the adopted age (see Table 2 for details).

      

    

  
    
      Fig. B.3. 

      
        [image: thumbnail]
      

      
        Results from the SPOC analysis of TESS data for TWA-24. Black dots are the pre-whitened TESS photometry phased at a period of 17.403 d; blue dots are running median values. The red line is a trapezoidal transit model. The green points are residuals.

      

    

  
    
      Fig. B.4. 

      
        [image: thumbnail]
      

      
        Results from the SPOC analysis of TESS data for HIP70833. Black dots are the pre-whitened TESS photometry re-phased at a period of 9.689 d (black dots). Blue dots are running median values. The red line is a transit model. The red triangles mark the primary and secondary transits. Upper panel: full data set. Lower panel: Blow up of the primary transit.

      

    

  
    
      Fig. B.5. 

      
        [image: thumbnail]
      

      
        Photometric time sequence and periodogram for HIP 78581.

      

    

  
    
      Fig. B.7. 

      
        [image: thumbnail]
      

      
        Orbital fit for TYC 6820-0223-1. Dotted lines connect observed with predicted positions for the different observations; however, they are all shorter than the size of the symbols, so they are not evident in this figure.
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