
    
      Table 1 

      Simulation parameters.

      
        


	
	8 m-class telescope
	39 m-class telescope (ELT)





	Telescope
	
	



	Pupil diam. (m)
	8
	39



	Pupil samp. (pix)
	220
	512



	Obs. ratio (%)
	11.1
	28.3



	Zenith angle (deg)
	30
	30



	




	Turbulence
	
	



	




	Profile
	4 layers (see Agapito et al. 2014, Table 10)
	35 layers “median” profile (see Sarazin et al. 2013)



	Outer scale (m)
	40
	25



	




	WFS
	
	



	




	No. sub-apertures
	40 × 40 (max)
	90 × 90



	Sub-pupils separation (pix)
	48
	108



	Field-of-view (ф) (arcsec)
	2.1
	2.1



	Sensing wavelength (nm)
	750
	798



	0-mag. det. flux (Gphm−2 s−1)
	6.37
	1.87



	Photon noise
	Yes
	Yes



	Excess noise
	Yes
	Yes



	Read-out noise (e-)
	0.3
	0.3



	




	DM
	
	



	




	Conjugation altitude (m)
	0
	0



	No. actuators
	672
	–



	No. modes
	630
	4098



	Modal basis
	Tip and tilt plus 628 KL modes
	Tip and tilt plus 4096 KL modes



	




	Control
	
	



	




	Approach
	Modal
	Modal



	Reconstruction matrix
	Least square solution
	Minimum mean square error estimator



	Temporal control
	Leaky integrators
	Leaky integrators



	Framerate (Hz)
	1700−250
	1000



	Delay (ms)
	2–5
	3





      

      
Notes. Further details can be found in Appendix A. ELT is Extremely Large Telescope (Tamai et al. 2020), DM is deformable mirror, and KL is Karhunen-Loéve (Wang & Markey 1978).




    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Tip (left) and mode no. 100 (right) signals (x and y) from interaction matrices with different numbers of partial correction realizations (from left to right): 1, 8, and 70. Top: partial correction for a seeing of 0.4 arcsec, middle, partial correction for a seeing of 0.8 arcsec, bottom, partial correction for a seeing of 1.2 arcsec. Note: the signals amplitude is reduced when seeing increases. Refers to the sub-aperture size of 0.2 m. 8 m-class telescope case.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        RMS of the difference between the IM computed with x + 1 and x realizations of partial correction normalized by the RMS of the IM computed with N = 70 realizations. Seeing is 1.4 arcsec and sub-aperture size is 0.2 m for the 8 m-class telescope case.

      

    

  
    
      Table 2 

      RMS of turbulence residuals (i.e. partial correction) in nm for a bright star condition.

      
        


	Sub-ap.
	Seeing (arcsec)



	size (m)
	0.4
	0.6
	0.8
	1.0
	1.2
	1.4





	rmod = 0λ/D



	




	0.2
	48
	67 
	88 
	111
	137
	164



	0.4
	73
	107 
	143 
	164
	219
	261



	0.6
	116
	174 
	240 
	303
	365
	428



	0.8
	178
	270 
	360 
	456
	551
	660



	




	rmod = 3λ/D



	




	0.2
	48
	67
	84
	103
	122
	144



	0.4
	76
	107
	138
	175
	214
	254



	0.6
	122
	177
	234
	292
	350
	416



	0.8
	188
	272
	360
	450
	551
	659





      

      
Notes. PWFS with and without modulation and different seeing and sub-aperture size values are considered. These values are computed on the sets of turbulence residual samples used to compute the SIMPCs (see Sect. 2). Refers to the 8 m-telescope case.




    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        PWFS sensitivity to a differential piston mode in partial correction as a function of seeing value expressed as the RMS of the slope for an aberration with a wavefront RMS of 1nm. The differential piston mode is the one produced by one petal of a six-petal configuration with no gap. Solid line correspond to a non-modulated PWFS and dashed line correspond to a PWFS with a modulation radius of 3λ/D. Sub-aperture size is 0.2 m. Refers to the 8 m-class telescope case.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Modal optical gain for the PWFS calibrated in diffraction limited conditions. Mode 1 is tip, 2 is tilt, and the other modes are Karhunen-Loève modes. Solid lines correspond to a non-modulated PWFS and dashed lines correspond to a PWFS with a modulation radius of 3λ/D. Refers to the 8 m-class telescope case.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Response of the PWFS to modes with different value of wavefront RMS and for different partial correction levels (s = 0.00 arcsec correspond to diffraction limited conditions). Top-left: mode 0 (tip). Top-right: mode 10. Bottom-left: mode 100. Bottom-right: mode 499. Mode 0 is tip, 1 is tilt, and the other modes are Karhunen–Loève modes. Solid lines correspond to a non-modulated PWFS and dashed lines correspond to a PWFS with a modulation radius of 3λ/D. Sub-aperture size is 0.2 m. Optical gain is corrected considering an aberration RMS of 20 nm. Refers to the 8 m-class telescope case.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Response of the PWFS to a tip with different value of wave-front RMS and for different sub-aperture size and for a seeing value of 0.8 arcsec. Solid lines correspond to a non-modulated PWFS and dashed lines correspond to a PWFS with a modulation radius of 3λ/D. Refers to the 8 m-class telescope case.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Signals corresponding to a flat wavefront for a non-modulated PWFS with a 0.2 m sub-aperture and different level of partial correction corresponding to seeing values of 0.4, 0.6, 0.8, 1.0, 1.2, and 1.4 arcsec, respectively. Refers to the 8 m-class telescope case.

      

    

  
    
      Table 4 

      H band (1650 nm) SR as a function of natural guide star R magnitude and seeing for a non-modulated and a modulated PWFS.

      
        


	Seeing (arcsec)
	R magn.
	Sub-ap. size (m)
	Freq. (Hz)
	SR(H) no mod.
	SR(H) rmod = 3λ/D





	0.4
	8.0
	0.2
	1700
	0.968
	0.968



	0.8
	8.0
	0.2
	1700
	0.899
	0.902



	1.2
	8.0
	0.2
	1700
	0.781
	0.805



	




	0.4
	12.0
	0.2
	900
	0.957
	0.949



	0.8
	12.0
	0.2
	900
	0.870
	0.863



	1.2
	12.0
	0.2
	900
	0.731
	0.735



	




	0.4
	12.0
	0.4
	1200
	0.923
	0.917



	0.8
	12.0
	0.4
	1200
	0.751
	0.748



	1.2
	12.0
	0.4
	1200
	0.518
	0.514



	




	0.4
	14.5
	0.4
	750
	0.892
	0.866



	0.8
	14.5
	0.4
	750
	0.651
	0.628



	1.2
	14.5
	0.4
	750
	0.347
	0.339



	




	0.4
	14.5
	0.6
	1000
	0.828
	0.805



	0.8
	14.5
	0.6
	1000
	0.474
	0.458



	1.2
	14.5
	0.6
	1000
	0.183
	0.182



	




	0.4
	16.5
	0.6
	250
	0.737
	0.679



	0.8
	16.5
	0.6
	250
	0.288
	0.279



	1.2
	16.5
	0.6
	250
	0.066
	0.065



	




	0.4
	16.5
	0.8
	500
	0.657
	0.593



	0.8
	16.5
	0.8
	500
	0.171
	0.160



	1.2
	16.5
	0.8
	500
	0.024
	0.024





      

      
Notes. We note that for a sub-aperture size of 0.2, 0.4, 0.6, and 0.8 m, the 500, 209, 90, and 54 modes are corrected respectively. Refers to the 8 m-class telescope case.




    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Turbulence (black lines) and residuals (colored lines) modal RMS amplitudes for a NGS of magnitude R = 12, different seeing values and for a non-modulated and modulated (modulation radius of 3λ/D, dashed lines) PWFS. Sub-aperture size is 0.2 m and 500 modes are corrected. Refers to the 8 m-class telescope case.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        H band (1650 nm) SR as a function of seeing for simulations with a non-modulated PWFS with bright NGS (R magnitude 8). Different colors correspond to different PWFS calibration: black refer s to a classic calibration in diffraction limited conditions, while the other colors are the SIMPC for different seeing levels. Please note that low values of SR correspond to unstable closed loops. Blue and green asterisks correspond to the cases illustrated in Figs. 15 and 16. Refer to the 8 m-class telescope case.

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Results for a simulation with a non-modulated PWFS with bright NGS (R magnitude 8) and with seeing of 0.4 arcsec with a calibration error: PWFS was calibrated for aseeing of 1.2 arcsec. The black line is the ostimation of the opticel goin (done on mode 30), red line is tho H band (168C nm) SR (orange line is the avorage on 1 s), and green line is the average value of the modal gain. Refers to too 8 m-class telescope case.

      

    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
        Results for a simulation with a non-modulated PWFS with bright NGS (R magnitude 8) and with seeing of 1.4 arcsec with a calibration error: PWFS was caibrated for a seeing of 0.8 arcsec. The black line is the estimation of the optical gain (done on mode 30), red line is the H band (1650 nm) SR (orange line is tha averageon 1 s), and green line is the average value of the modal gain. Refers to the 8 m-class telescope case.
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