
    Table 1 

Stellar parameters of Wray 15-788 and HD 98363.



	Parameter
	Value
	Reference(s)



	
	

	


		Wray 15-788
	HD 98363
	




	Right ascension (J2000)
	11:17:51.87
	11:17:58.14
	(1)



	Declination (J2000)
	−64:02:05.60
	−64:02:33.35
	(1)



	Spectral type
	K3IVe
	A2V
	(2,3)



	Mass (M⊙)
	[image: equation]
	[image: equation]
	(2,4)



	 
	 
	 
	 



	Effective temperature (K)
	[image: equation]
	[image: equation]
	(2,4)



	 
	 
	 
	 



	Luminosity (L⊙)
	[image: equation]
	[image: equation]
	(2,4)



	 
	 
	 
	 



	Age (a) (Myr)
	11[image: equation]
	[image: equation]
	(2,4)



	 
	 
	 
	 



	Parallax (mas)
	7.159 ± 0.027
	7.215 ± 0.034
	(1)



	Distance (pc)
	139.126 ± 0.52
	138.044 ± 0.66
	(1,5)



	Proper motion (RA) (mas)
	− 28.583 ± 0.042
	− 28.491 ± 0.053
	(1)



	Proper motion (Dec) (mas)
	− 1.411 ± 0.040
	− 0.795 ± 0.051
	(1)



	V (mag)
	11.89 ± 0.08
	7.85 ± 0.01
	(2,6,7)



	B−V (mag)
	1.11 ± 0.09
	0.18 ± 0.01
	(2,6,7)



	J (mag)
	9.39 ± 0.02
	7.53 ± 0.02
	(2,8)



	H (mag)
	8.59 ± 0.04
	7.48 ± 0.03
	(2,8)



	Ks (mag)
	8.18 ± 0.03
	7.50 ± 0.02
	(2,8)



	W1 (mag)
	7.75 ± 0.02
	7.36 ± 0.03
	(2,9)



	W2 (mag)
	7.49 ± 0.02
	7.43 ± 0.02
	(2,9)



	W3 (mag)
	6.42 ± 0.02
	6.93 ± 0.02
	(2,9)



	W4 (mag)
	3.88 ± 0.02
	4.64 ± 0.02
	(2,9)



	





Notes.
(a) The primary, HD 98363, has a most likely age of 11 Myr, but since the error bars of the primary overlap the main sequence in the Hertzsprung-Russell diagram, the 95% confidence range of 22–480 Myr does not contain the mode. Given its membership in Sco-Cen, this is not a useful age constraint. The secondary, Wray 15-788, is in a stage of evolution where we can place meaningful limits on the age, so we adopt the system age as that of the secondary, 11 Myr with 95% CL range of
[image: equation] Myr.



References. (1) Gaia Collaboration (2018); (2) Pecaut & Mamajek (2016); (3) Houk & Cowley (1975); (4) Sect. 5.1 of this work; (5) Bailer-Jones et al. (2018); (6) Henden et al. (2012); (7) Høg et al. (2000); (8) Cutri et al. (2012a); (9) Cutri et al. (2012b).





  
    Table 2 

Observations of Wray 15-788 carried out with SPHERE/IRDIS.



	Observation date
	Mode (a)
	Filter
	NDIT × DIT (b)
	Δπ (c)
	⟨ω⟩ (d)
	⟨X⟩ (e)
	⟨τ0⟩ (f)



	(yyyy-mm-dd)
			(1 × s)
	(°)
	(′′)
		(ms)





	2018-05-14
	CI
	H
	4 × 32
	0.86
	0.86
	1.30
	2.55



	2018-05-14
	CI
	Ks
	4 × 32
	0.87
	0.85
	1.30
	2.15



	2018-06-05
	DPI
	H
	4 × 64
	–
	0.99
	1.30
	1.48



	





Notes. (a) Observation mode is either classical imaging (CI) or dual-polarization imaging (DPI). (b) NDIT describes the number of dithering positions and DIT is the detector integration time per dithering position. (c) Δπ describes the amount of field rotation during the observation, if it is carried out in pupil-stabilized mode (only valid for CI observations). (d) ⟨ω⟩ denotes theaverage seeing conditions during the observation. (e) ⟨X⟩ denotes theaverage airmass during the observation. (f) ⟨τ0⟩ denotes the average coherence time during the observation.





  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
Reduced SPHERE images of Wray 15-788. All frames show the same region on the sky with a field of view of approximately 1.′′39 × 1.′′39. The star is positioned in the center of each image. An artificial mask with a diameter of ~ 196 mas is applied to obscure the coronagraph and leaking flux close to it. The images are scaled with r2 according to the deprojected separation of the disk to star in the center of the image. The scaling is corrected for an inclination of 21° and a position angle of 76°, as derived in Sect. 5.3.1. In each image north is up and east is left. An arbitrary linear color scale is applied, which is normalized to the maximum flux in each frame. Panels a and b: results obtained with SPHERE in CI mode applying a broad H- and Ks -band filter, respectively. The stellar point spread function was reconstructed by a fit of 20 principal components obtained from a library of reference stars. In the bottom panel we present the results obtained from SPHERE DPI data in H band. Panels c and d: Stokes Q and U parameters for linear polarization, respectively. Both polarimetric results are smoothed with a Gaussian kernel having a FWHM of ~50 mas. This is equivalent to the theoretical SPHERE FWHM in H band.


    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
Annotated version of Fig. 1b. The discussed features of the disk are highlighted.


    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
Hertzsprung–Russell diagram for the binary system of Wray 15-788 and HD 98363. We plot pre-main sequence tracks and isochrones according to Feiden (2016) to constrain masses and ages of the companions.


    

  
    Table 4 

Best fit parameters of the ellipse.



	Parameter
	Best fit value





	δx (pix) (a)
	0.96 ± 1.17



	 
	 



	δy (pix)
	1.12 ± 2.01



	 
	 



	a (pix)
	32.56 ± 0.81



	 
	 



	b (pix)
	30.39 ± 2.12



	 
	 



	φ (°)
	76 ± 16



	 
	 



	i (°)
	21 ± 6



	





Notes. (a) To convert pixels to projected separations in mas the results must be multiplied with the pixel scale of the detector, which is 12.265 ± 0.009 mas per pixel in Ks band.





  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
Top panel: S/N measurements in circular apertures around the best fit ellipse (orange line) for the Ks -band data from Sect. 5.3.1. The blue apertures contain flux of ring A according to the applied 5σ criterion, whereas the gray apertures reside within the background dominated regime. Bottom panel: S/N within the circular apertures from the top panel, sorted by position angle. The gray and blue areas mark the regimes below and above the 5σ threshold todistinguish background and disk apertures, respectively.


    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
Left panel: polar projection of the SPHERE/CI result in Ks band. The image is corrected for the offset and the inclination of the best fit ellipse to ring A. The white dashed lines indicate the range of position angles in which we detect scattered light flux from ring A with an S/N higher than 5. Right panel: radial brightness profile of the disk and background noise. The blue curve shows the averaged disk signal for position angles in the range of 60° ≤ ϕ ≤ 240° and the gray curve represents the average noise over all remaining position angles. The envelopes indicate the corresponding standard deviations.


    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
Comparison to average images obtained from reduced reference library targets in H band (top panel) and Ks band (bottom panel).


    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
Comparison to average images obtained from reduced reference library targets. Top panel: locations of the flux apertures that are distributed alongside ring B (white circles). Bottom panels: flux measurements in the apertures from the top panel as a function of position angle. The solid lines correspond to the average flux per aperture. The envelope indicates the corresponding standard deviation.


    

  
    Table A.1 

Observations of reference stars carried out with SPHERE/IRDIS.



	Target
	Observation date
	Filter (a)
	NDIT × DIT (b)
	⟨ω⟩ (c)
	⟨X⟩ (d)
	⟨τ0⟩ (e)



	(2MASS ID)
	(yyyy-mm-dd)
		(1 × s)
	(′′)
		(ms)





	J11272881-3952572
	2017-04-18
	H
	4 × 32
	1.51
	1.10
	1.40



	J11320835-5803199
	2017-06-17
	H
	4 × 32
	0.67
	1.47
	2.90



	J11445217-6438548
	2018-05-14
	H
	4 × 32
	0.73
	1.31
	2.38



	J11445217-6438548
	2018-05-14
	Ks
	4 × 32
	0.78
	1.31
	2.60



	J12065276-5044463
	2017-04-02
	H
	3 × 32
	1.24
	1.12
	1.50



	J12090225-5120410
	2018-05-15
	H
	4 × 32
	0.86
	1.12
	2.70



	J12090225-5120410
	2018-05-15
	Ks
	4 × 32
	0.70
	1.12
	2.90



	J12101065-4855476
	2017-04-18
	H
	4 × 32
	1.71
	1.15
	1.40



	J12123577-5520273
	2017-06-17
	H
	4 × 32
	0.77
	2.41
	2.80



	J12185802-5737191
	2017-06-17
	H
	2 × 32
	0.72
	1.22
	2.70



	J12220430-4841248
	2017-04-18
	H
	3 × 32
	1.82
	1.17
	1.40



	J12234012-5616325
	2017-06-17
	H
	4 × 32
	0.63
	1.73
	3.45



	J12393796-5731406
	2017-06-17
	H
	4 × 32
	0.64
	1.77
	3.83



	J12404664-5211046
	2018-04-30
	H
	4 × 32
	0.75
	1.13
	7.05



	J12404664-5211046
	2018-04-30
	Ks
	4 × 32
	0.87
	1.13
	7.10



	J12454884-5410583
	2018-04-30
	H
	4 × 32
	0.71
	1.15
	6.93



	J12454884-5410583
	2018-04-30
	Ks
	4 × 32
	0.66
	1.15
	8.98



	J12480778-4439167
	2017-06-17
	H
	4 × 32
	0.90
	1.34
	2.75



	J13055087-5304181
	2018-07-04
	H
	4 × 32
	0.82
	1.14
	1.95



	J13055087-5304181
	2018-07-04
	Ks
	4 × 32
	0.93
	1.14
	2.03



	J13064012-5159386
	2018-04-30
	H
	4 × 32
	0.56
	1.13
	8.15



	J13064012-5159386
	2018-04-30
	Ks
	4 × 32
	0.56
	1.13
	9.88



	J13065439-4541313
	2018-04-08
	H
	4 × 32
	0.46
	1.09
	5.65



	J13065439-4541313
	2018-04-08
	Ks
	4 × 32
	0.55
	1.09
	4.68



	J13095880-4527388
	2018-05-01
	H
	4 × 32
	1.08
	1.07
	2.70



	J13095880-4527388
	2018-05-01
	Ks
	4 × 32
	1.03
	1.07
	2.45



	J13103245-4817036
	2018-05-01
	H
	4 × 32
	1.03
	1.10
	3.30



	J13103245-4817036
	2018-05-01
	Ks
	4 × 32
	0.87
	1.10
	4.40



	J13121764-5508258
	2018-05-15
	H
	4 × 32
	0.62
	1.16
	2.50



	J13121764-5508258
	2018-05-15
	Ks
	4 × 32
	0.62
	1.16
	3.00



	J13174687-4456534
	2018-05-28
	H
	4 × 32
	0.70
	1.07
	4.33



	J13174687-4456534
	2018-05-28
	Ks
	4 × 32
	0.67
	1.07
	4.15



	J13233587-4718467
	2017-04-02
	H
	4 × 32
	1.68
	1.21
	1.40



	J13334410-6359345
	2017-07-05
	H
	4 × 32
	1.06
	1.53
	3.05



	J13354082-4818124
	2017-04-02
	H
	4 × 32
	1.06
	1.30
	2.08



	J13380596-4344564
	2017-04-02
	H
	4 × 32
	1.05
	1.33
	2.40



	J13455599-5222255
	2018-04-28
	H
	4 × 32
	0.64
	1.13
	6.35



	J13455599-5222255
	2018-04-28
	Ks
	4 × 32
	0.65
	1.13
	6.03



	





Notes. All data were obtained in classical imaging mode. (a)A broadband filter in either H or Ks band was applied. (b)NDIT describes the number of dithering positions and DIT is the detector integration time per dithering position. (c) ⟨ω⟩ denotes the average seeing conditions during the observation. (d) ⟨X⟩ denotes the average airmass during the observation. (e) ⟨τ0⟩ denotes the average coherence time during the observation.





  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
Other reductions of SPHERE classical imaging data on WRAY 15-788. The images were normalized to the maximum in each frame and arbitrarily, linearly scaled. No subtraction of the stellar point-spread function (PSF) was performed. For all images north is up and east is left. Panels a and b: de-rotated and median combined image stack of science frames in H and Ks band, respectively. Panels c and d: same image as above, but an additional unsharp mask (USM) is applied (Gaussian kernel with full width at half maximum equal to PSF size).


    

  
    
      Fig. B.2 

      
        [image: thumbnail]
      

      
Other reductions of SPHERE dual-polarimetric imaging data on WRAY 15-788. We present the azimuthal Stokes parameters Qϕ and Uϕ in the left and right panels, respectively. Both images are scaled with r2 and normalized with respect to the minimum and maximum flux in the Qϕ frame. In both frames north is up and east is left.
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