
Examples of major 
developments/inventions at Sac Peak 

Solar Adaptive Optics - Many 
Quantum Accounting - Keil 

 



Adaptive Optics at the Dunn Solar 
Telescope: 
AO,AO – it’s off to work we go! 



AO – the early beginnings  
Sac Peak VTT – 1979! 



Hardy 1979 at Sac Peak 
The first on-sky AO experiments 
 
 ….the expected improvement in image sharpness due to the 

deformable mirror was obtained only on some occasions … 
 These results appear to be due to atmospheric parameters, 

primarily the small size of the isoplanatic patch and the small 
values of turbulence coherence length during the day.  

 This experiment has confirmed the feasibility of real-time 
compensation of solar images.  

 However, much work remains to be done to 
refine the technique. 

It took until 1998 to get the first operational (for 
science) solar AO system commissioned!!  
 



Solar AO History  
Hardy 1979-1980  at  the DST 

 Shearing interferometer 
 21 actuator continuous faceplate DM 
 stars and sunspots 

NSO  AO system  (Dunn 1987, Dunn et al. 1988, Dunn 1990)  
modified knife-edge WFS using an focal plane LCD mask  
    (von der Luehe 1988) 
 61 actuator continuous faceplate DM 

Lockheed  AO system   (Acton&Smithon 1992, Acton&Dunn1993)   
 19 element Shack-Hartmann WFS 
 19 element segmented mirror 
Worked on pores only 

DST AO w/correlating SHWFS 
 76 element SHWFS 
 97actuator Xinetics DM 
Operational vs. Optics experiment 



NSO  AO at Sac Peak 

Oskar’s Focal Plane WFS:  
So far not demonstrated 
on sky – but we ought to!! 
 



Solar AO History  
Hardy 1979-1980  at  the DST 

 Shearing interferometer 
 21 actuator continuous faceplate DM 
 stars and sunspots 

NSO  AO system  (Dunn 1987, Dunn et al. 1988, Dunn 1990)  
modified knife-edge WFS using an focal plane LCD mask  
    (von der Luehe 1988) 
 61 actuator continuous faceplate DM 

Lockheed  AO system   (Acton&Smithon 1992, Acton&Dunn1993)   
 19 element Shack-Hartmann WFS 
 19 element segmented mirror 
Worked on pores only 

DST AO w/correlating SHWFS 
 76 element SHWFS 
 97actuator Xinetics DM 
Operational vs. Optics experiment 



Lockheed AO  - at Sac Peak and Teneriffe 





… and more celebration  



Solar AO History  
Hardy 1979-1980  at  the DST 

 Shearing interferometer 
 21 actuator continuous faceplate DM 
 stars and sunspots 

NSO  AO system  (Dunn 1987, Dunn et al. 1988, Dunn 1990)  
modified knife-edge WFS using an focal plane LCD mask  
    (von der Luehe 1988) 
 61 actuator continuous faceplate DM 

Lockheed  AO system   (Acton&Smithon 1992, Acton&Dunn1993)   
 19 element Shack-Hartmann WFS 
 19 element segmented mirror 
Worked on pores only 

DST AO w/correlating SHWFS (low order 1998 & high order 2002) 
 76 element SHWFS 
 97actuator Xinetics DM 
Operational vs. Optics experiment 



Low-Order AO System Components  

•Correlating Shack-Hartmann WFS 
•24 subapertures , 16x16 pixels per subaperture 

•2kHz sampling rate (target),  achieved 800 Hz 

•parallel processing using off-the-shelf DSPs 

•DM:  97 actuators (Xinetics) 

•Reconstructor: Modal, off-the-shelf DSPs 

Solar Adaptive Optics 
National Solar Observatory  

AAS 1999 





Results 
• Diffraction Limited Images fed to Horizontal 

Spectrograph at the DST (D=76cm).  

• First diffraction Limited Long Exposure 
Narrow-Band Images and Spectra. 

• First diffraction Limited (<0.2”)  Maps and 
Time Sequence of  Velocities  in Sunspots 
and Magnetic Field Maps  of Pores  and 
“Quiet” Sun Granulation. 

Solar Adaptive Optics 
National Solar Observatory  

Corrected             Uncorrected 

W/ AO:              1 
sec exposure 

W/ AO:              
10 sec exposure 

AAS 1999 



 LOAO – first system based on correlating SHWFS 

Timing crucial for US 
decadal survey ~2000 
A(T)ST - recommendation 

18 sec. exposure   
    



DLSP 

UBF 

WFS 

2003 



G-band 

430 nm 



Past & Current Results 
Multi-Conjugate Adaptive Optics 

 DST  VTT/GREGOR & NST 

5 guide “stars” MCAO Conventional AO 

However, much work remains to be 
done to refine the technique!! 



The next generation is taking over … 

Dirk Schmidt at BBSO 
Working  on MCAO 



 



Steve’s Brilliant Management Skills 

• Budget, budgets and more budgets 
• Thousands of excel budget spreadsheets 
• Ever increasing budget pressures 

 
•  the need to be (very) creative! 

 







Steve’s Nobel Price worthy invention: 
Quantum Accounting & The Quantum Dollar 
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