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Introduction:
The Shack-Hartmann WFS



The SOLAR Correlating
Shack-Hartmann WFS



2%����r0=4.7cm Working LIMIT !

The SOLAR Correlating
Shack-Hartmann WFS



Atmospheric Data of the Site:
« Seeing » r0  Statistics (La Palma)  

Limit 4.7cm !

P=47% !!



Atmospheric Data of the Site:
r0  Probability Density Function

Limit Here !



The SOLAR Shack-Hartmann WFS:
DISADVANTAGES  

1/ SH-WFS Strongly DEPENDENT on FEATURES

2/ Correlating SH on FULL DISK limited at r0 > 4.7cm

3/ AO & Tip-Tilt IMPOSSIBLE out of the DISK on-axis

4/ AO & Tip-Tilt POSSIBLE out of the DISK OFF-axis

4-1 Prominences IF Features on Disk close to the Limb

4-2 Corona IF Features on Disk close to the Limb

4-3 No Coronograph ! Anisoplanatism !! Seeing Limited



The New POLAR-WFS:
PRINCIPLE  
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The New POLAR-WFS:
PRINCIPLE  
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The New POLAR-WFS:
Example of 2 RAP  

Retardance vs. Relative Incidence angle (2 RAP @500nm)
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Retardance vs. Tilt (2 RAP @ 500nm)

34

36

38

40

42

44

-3,0 -2,5 -2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0 2,5 3,0

Tilt Angle [arcsec]

R
e
ta

rd
a
n

c
e
 [

º]

/arcsecº  1.07
di

 
 ≈

∆d

i

i45º  di +=

 

cossin00

sincos00

0010

0001



















∆∆−

∆∆



The New POLAR-WFS:
An Example of Set-Up
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Relative Intensity vs. Relative Incidence angle
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The New POLAR-WFS:
1st TRY: « Strong » Measurement

Post-selection = Pre-selection: if = ( )º8.64=θ

I [%]=0.1875.di



The New POLAR-WFS:
2nd TRY: « WEAK » Measurement

Post-selection “┴” Pre-selection: if ≈⊥ ( )θθ d±−= º2.25

Relative Intensity vs. Relative Incidence angle
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Relative Intensity vs. Relative Incidence angle
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Good !!



The New POLAR-WFS:
Really ?? A « WEAK » Measurement ?  
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The New POLAR-WFS:
OUR « WEAK » Measurement

Post-selection “┴” Pre-selection: if ≈⊥ ( )º9º2.25 −−=θ

Relative Intensity vs. Relative Incidence angle

I [%] = 219.4 di
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P(0º)=2.510-2=P(ε)/P(0º)-1

Slope “Amplification”= 219.4/0.1875= 1170 !!

Relative Intensity vs. TILT

11.6 % / arcsec
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The New POLAR-WFS:
THE « WEAK » Measurement
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A REAL CASE … (Tip @ r0=4.7cm)
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Possible Dynamic: ±8.6 arcsec (r0 about 2cm !)



The New POLAR-WFS:
THE « WEAK » Measurement

A REAL CASE: WFS on a 2w Defocus (SR=0.8%)



The New POLAR-WFS:
THE « WEAK » Measurement

A REAL CASE : WFS on a 0.4w Astigmatism (SR=72%)



The New POLAR-WFS:
ADVANTAGES  

1/ WFS NOT DEPENDENT on FEATURES

2/ WFS on FULL DISK “unlimited” (r0 > 2cm - 90%)

3/ AO & Tip-Tilt POSSIBLE out of the DISK OFF-axis
(no limitation on target choice on the disk)

4/ AO & Tip-Tilt POSSIBLE out of the DISK ON-axis

4-1 Prominences: Tip-Tilt & AO (Limited)

4-2 Corona: Tip-Tilt ONLY



The New POLAR-WFS:
SUMMARY  

1/ New WFS where Wavefront Slope ∝∝∝∝INTENSITY

2/ SENSING through a POLARIMETRIC Measure

3/ SENSING through a Quantum WEAK Measurement

4/ NOT DEPENDENT on TARGETS
(No image Needed) ! 

5/ WFS IMPROVING Solar AO & TT

(On ALL Kind of Targets: Disk, Protu, Corona, …)



““A A bovebove majoremajore

discitdiscit ararearare minorminor””


