
    
      Fig. 3. 
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Qφ
images binned by 10 pixels along the x-axis and by 2 pixels along the y-axis and smoothed via a Gaussian kernel with σ = 1 pixel (panel a) and with σ = 2 pixels (panel b) to highlight the structure and position of both rings relative to each other. The central part of the images, dominated by strong residuals, is masked out. The position of the star is indicated by a yellow asterisk. The
x-axis (interrupted white line going through the star position) shows the outer disc major axis at PA = 279.0°. The FOV of the displayed panel a is 9.8′′× 0.74′′. The letters “A”, “B”, “C” and “D” are used to label the surface brightness peaks discussed in Sect. 4.1. Colour bar shows flux in counts per binned pixel.


    

  
    
      Fig. 5. 
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Spine vertical distance from the disc major axis measured as a vertical offset of the Moffat profile centre. The plot traces the mean location of the spine in all available images (cADI, KLIP, LOCI reductions of the total intensity data) in
H
and J
bands. The star position is at (0, 0). The black line shows the best-fit ellipse to the data points between
|x| ≥ 1.2′′
and |x| ≤ 2.0′′.


    

  
    
      Fig. 7. 
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Synthetic images of the two-belts model with an inner belt (shown separately in panel a) which is non-coplanar with the outer belt. The outer belt has the same geometry and asymmetry parameter
g
as the one-belt model demonstrated in Fig. 6. Panels b and c: two-belts model before and after convolution with the instrumental PSF, respectively. Panel d: KLIP-processed model. The flux is shown in arbitrary units.


    

  
    
      Fig. 10. 
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Model images of debris disc in polarized light (top row) and comparison of the
4 × 4 binned Qφ
image (panel d) with the one-belt model (panel c) and the two-belts model (panel e) in the bottom row. The insets in the top row show the radial SB profiles of the one-belt model (panel a) and the two-belts model (panel b). All models are convolved with the instrumental PSF. Colour bar shows flux in counts per binned pixel.


    

  
    
      Fig. 11. 
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Investigation of the parameter degeneracies between αin,
αout ,
g,
H0 ∕R0 , and inclination. Red dots mark the location of the spine measured in all 4 × 4 binned imaging data as a vertical offset of the Moffat profile peak (see Sect. 4.3 for detailed description). Panel a: impact of varying
αin on the spine location of the model with fixed parameters g = 0.4,
αout = −4,
H0 ∕R0 = 0.03,
incl = 86°.
Panel b: impact of varying αout
on the spine location of the model with fixed parameters g = 0.4,
αin = 6,
H0 ∕R0 = 0.03,
incl = 86°.
Panel c: impact of varying g
on the spine location of the model with fixed parameters αin = 6,
αout = −4,
H0 ∕R0 = 0.03,
incl = 86°.
Panel d: impact of varying H0∕R0
on the spine elevation of the model with fixed parameters αin = 6,
αout = −4,
g = 0.4,
incl = 86°.
Panel e: impact of varying inclination on the spine location of the model with fixed parameters
αin = 6,
αout = −4,
g = 0.4,
H0 ∕R0 = 0.03.
Panel f: comparison of the two best-fitting one-belt models and the two-belts model with the data. The parameters of the model best tracking the spine are
g = 0.6,
αin = 4,
αout = −7,
H0 ∕R0 = 0.03,
incl = 86°. The second best model has g = 0.5,
αin = 3,
αout = −7,
H0 ∕R0 = 0.01 and incl = 86°.


    

  
    
      Fig. 12. 
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Radial SB profiles of the west and east disc sides in the J
and H
band. All data points show the disc magnitude measured in square 0.25′′× 0.25′′
(20 × 20 pixels) apertures, centred on the disc major axis, relative to the stellar magnitude in the corresponding filter. Circles indicate the relative magnitude of the total intensity of scattered light (Stokes
I) and diamonds mark the magnitude of the polarized flux (Stokes Qφ). Errors are calculated as a standard deviation of the flux distribution in the concentric annuli.


    

  
    
      Fig. 13. 
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Polarization fraction of the scattered light measured in square 0.25′′× 0.25′′
apertures along the disc axis using total intensity (Stokes I) and polarized flux (Stokes Qφ) profiles in the J
band plotted in Fig. 12.


    

  
    
      Fig. 14. 
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Radial SB profiles measured along the disc major axis in 0.049′′× 0.049′′
square apertures in the cADI image of the J
band data (panel a), the cADI image of the H
band data (panel b), and in the Qφ
image (panelc, J
band). All data sets show the SB peaks at r = 2′′
(“F1”) and r ≈ 1.3′′
(“F2”) symmetrically located with respect to the star, except the west disc side in the
Qφ image. Images of the disc in Fig. 15 are presented with the same
x-axis scale for 1 arcsec as in this figure for ease in identification of the SB peak locations highlighted with the vertical dashed lines.


    

  
    
      Fig. 15. 
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Images of the HD 15115 disc illustrating the position of SB peaks plotted in Fig. 14. The original data were 4 × 4 binned to reduce the noise and smoothed via a Gaussian kernel with σ = 2 pixels. The position of the star in each image is marked by a yellow dotted line and corresponds to the position of the star in Fig. 14 (yellow line). Images are presented in linear scale:
J band in [−25, 85], H
band in [−120, 400], J band polarimetry in [−10, 34].


    

  
    
      Fig. 16. 
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Normalized scattering intensity (red diamonds) measured in circular apertures along the disc spine on the west side shown in the inset image. The blue and purple curves show HG fits to the data points. The black curves show scattering phase functions obtained by Min et al. (2010) for three different sizes of grains
a
covered withregolith particles. The shaded grey area indicates 1σ-uncertainties of the measurement. The shaded red area shows the range of values measured from the models.


    

  
    
      Fig. B.1. 
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Qφ
image illustrating the method to determine the PA and size of the outer disc. The image was
4 × 4 binned and smoothed via a Gaussian kernel with σ = 1 pixel. The brightest pixels of the regions inside the yellow circles indicate the location of the planetesimal belt which is schematically drawn as a yellow ellipse. For the clarity, the ellipse was shifted upwards (white dotted lines show the parallel shift of the brightest pixels). The position of star is marked by a yellow asterisk. The white line represents the disc major axis. The colour bar shows the counts per binned pixel.
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