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(a) Linearity of the phase diversity on the estimation of a piston aberration on the central segment (range of piston values from 0 to 200 nm), in the direct case (no coronagraph). (b) Linearity of the phase diversity on the estimation of a tip aberration on the central segment (range of values from 0 to 200 nm pv). In both cases, the theory curves correspond to y = x. In the piston case (a) the curve can be approximated with the linear function y = 0.932(±0.006)× − 4.02(±0.97) and in the tip case (b) it can be approximated with the linear function y = 0.857(±0.009)× − 0.98(±1.2). These plots show a possible uncertainty in the calibration of Iris-AO.



    

  
    
      Fig. 10. 
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Comparison between theoretical phases and phases reconstructed by COFFEE for sine-like phases with an amplitude of 70 nm and three different spatial frequencies: (a) two cycles per pupil, (b) 3.5 cycles per pupil, and (c) 15 cycles per pupil. For each case, we show: (1) the PSF in the detector plane, (2) the theoretical phase map to reconstruct, (3) the phase map reconstructed by COFFEE, cropped by the Lyot stop, (4) the difference, cropped by the Lyot stop, between the theoretical phase map and the phase map reconstructed by COFFEE, and (5) the power spectral distribution (PSD) of the theoretical phase and the phase reconstructed by COFFEE. On these curves, the cutoff frequency of the FPM is indicated in grey, and the frequency of introduced sine phase in green.



    

  
    
      Fig. 11. 
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Reconstruction error of Fig. 10 (4c). The unit are in radians. (a) Same reconstruction error than Fig. 10 (4c), at an optimized scale. (b) Orders lower than seven cycles per pupil of the reconstruction error (a), obtained with a cut on the PSD and an inverse Fourier Transform. (c) Difference between the phase maps (a) and (b). Patterns of a few cycles per pupil are visible and can be easily identified using a spatial filter. They correspond to the peak at around five cycles per pupil of the PSD of Fig. 10 (5c). It has been shown in Sect. 5 that with a coronagraph, the COFFEE algorithm generates extra low-order aberrations.



    

  
    
      Fig. 13. 
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Power spectral distribution (PSD) of a flat phase with one segment unphased, at the same scale and dimensions as the Iris-AO seen by COFFEE (red). PSD of the corresponding phase reconstructed by COFFEE (green). We observe a fit for frequencies higher than the FPM cutoff frequency (around 3.5λ/D), while lower-frequency components are not well reconstructed.



    

  
    
      Fig. 14. 
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Test of different FPM sizes and impact on the reconstruction: (top) theoretical phases, (middle) phases reconstructed with COFFEE, (bottom) difference between the two previous phases, from left to right: 1–12 λ/D, for a Lyot ratio of 90%. After a diameter of around 7λ/D, the FPM acts like a high-pass filter and blocks low frequency components of the segment-like aberration that cannot be seen by the sensor.
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