
    
      Fig. 3. 
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Cumulative histogram of the turbulence coherence time τ0 value at the zenith and at 500 nm over 3 years of MASS–DIMM measurements (from 2016 to 2019). The median τ0 value is 4.5 ms (black dashed lines).



    

  
    
      Fig. 5. 
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Histogram of the contribution to veff for the ground layer (below 1 km altitude, blue line) and the jet stream layer (8 to 14 km altitude, orange line), extracted from the 2018 Stereo-SCIDAR measurements at Paranal observatory.



    

  
    
      Fig. 7. 
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PSDs of the AO residual phase simulated for a SAXO-like system. Left: PSD without the servolag error. Right: PSD including the servolag error and its interference with amplitude errors for an effective wind along a direction of 30° (white arrow). In order to highlight the servolag contribution, the color bar is normalized to the maximum of the right image.



    

  
    
      Fig. 10. 
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Raw contrast as a function of the separation to the star for the two images with (solid lines) and without (dot-dashed line) WDH presented in Fig. 9. The red line shows this along the WDH, the blue line in the perpendicular direction, and the black lines are the azimuthal median. The two red shaded areas correspond to the region that is affected by the coronagraph (left) and the region outside the AO correction zone (right).



    

  
    
      Fig. 11. 
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High-contrast images (at the shortest wavelength, 0.966 μm) used to verify the WDH analysis procedure (logarithmic scale). Left: simulation using only the fitting and AO-servolag errors. Middle left: simulation additionally including NCPA upstream (given by the ZELDA on-sky estimate) and downstream of the APLC focal-plane mask. Middle right: simulation additionally including LOR and LWE. Right: on-sky image of the star 51 Eri taken with the VLT/SPHERE-IFS instrument.



    

  
    
      Fig. 12. 
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Spatially low-pass filtered images of the 51 Eri image shown in Fig. 11 right (top, logarithmic scale) and difference between the image and its low-pass filtered version (bottom, linear scale). The images are masked to show only the AO-corrected area and hide the DM artifacts and the coronagraphic signature. From left to right with a filtering fraction (percentage of low frequencies kept in the image) of 5%, 10%, 15%, 20%, and 25%.



    

  
    
      Fig. 13. 
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Amount of light within the WDH structure that is extracted by spatial filtering as a function of the filtering fraction (starting from 5% at the vertical dotted black line). The red solid line is the first case containing only the WDH contribution, the orange dashed line is the second case with NCPA, and the green dot-dashed line is the third case containing NCPA, LWE, and LOR. The horizontal lines, with the same color code, are the real theoretical values extracted by simulating the exact same images, but without the servolag error ( 73%, 66%, and 64%, respectively).



    

  
    
      Fig. 14. 
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Estimate the wind direction for the four cases: extracted radon profile of the WDH and Gaussian fit (red dashed line) whose maximum (red dot-dashed line) shows the estimated preferential direction (left), and contour plot of the WDH showing the fitted wind direction (red cross) with the described procedure (right). From top to bottom: Case 1 (from AO simulations including only the fitting and servolag errors), case 2 (adding NCPA), case 3 (adding LOR and LWE), and case 4 (51 Eri on-sky data). Except for case 1, a filtering fraction of 15% has been used to isolate the WDH. For the first three cases we simulated, the green line shows the simulated wind direction (125 degrees).



    

  
    
      Fig. 15. 
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Fitted WDH direction in the simulated images as a function of the filtering fraction (starting from 5% at the vertical dotted black line). The horizontal solid black line shows the injected value (125 degrees). The red solid line shows the first case that only contains the WDH contribution, the orange dashed line represents the second case with NCPA, and the green dot-dashed line is the third case, which contains NCPA, LWE, and LOR.



    

  
    
      Fig. 16. 
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Evaluation of the strength of the WDH. Top: strength of the WDH contribution in the AO-corrected area of the focal-plane image 𝒮WDH, defined in Eq. (4), as a function of the filtering fraction (starting at 5%, black dotted line). Bottom: corresponding images from the 51 Eri data set showing low WDH residuals (left), and average (middle) to high (right) WDH. The images corresponding to the green and blue lines look very similar, therefore we only show one here.



    

  
    
      Fig. 20. 
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Spectral variation of the three WDH parameters in the case of the 51 Eri IFS data taken with SPHERE on September 25, 2015. Left: direction as a function of wavelength. Middle: strength of the WDH as a function of wavelength. Right: asymmetry of the WDH as a function of wavelength. In each plot, the dashed gray line shows the expected trend.



    

  
    
      Fig. A.1. 
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Joint probability distribution of the seeing and coherence time as measured by the Paranal MASS–DIMM located 7 m above the platform, using data from April 2016 to April 2019.



    

  
    
      Fig. B.1. 
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Upper panel: strength of the WDH as a function of time extracted from the 51 Eri data taken with SPHERE (at 1 μm) on September 25, 2015, starting at 8h19m40s and ending at 9h35m25s (UTC). Lower panel: measured turbulence coherence time τ0 as a function of time during the 51 Eri observation sequence. The AO-telemetry data are from SPHERE-SPARTA (red solid lines) and the atmospheric profiling data are from the MASS–DIMM (blue solid lines). In both cases, the full data are shown by the thin line, and the thick line shows the data interpolated at the image rate (black diamonds in the upper panel). In both panels, the meridian crossing of the target star is indicated by the gray dot-dashed line.
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