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Thickness	
  Mangin	
  mirror	
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A	
  2D	
  plot	
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Atmospheric	
  turbulence	
  

HIGH	
  ORDERS	
  

Movement	
   Size	
  increase	
  Integrated	
  in	
  Dme	
  

Tilt	
  exDmaDon	
   High	
  Orders	
  exDmaDon	
  
4-­‐Quadrant	
  Sensor	
   Specific	
  Wavefront	
  Sensors	
  

	
  	
  TIP-­‐TILT	
  CORRECTION:	
  
	
  	
  TILTING	
  FLAT	
  MIRROR	
  

TIP-­‐TILT	
  

	
  	
  HIGH-­‐ORDER	
  CORRECTION:	
  
	
  	
  	
  	
  	
  	
  DEFORMABLE	
  MIRROR	
  

TIP-­‐TILT:	
  AVERAGE	
  OF	
  	
  
ALL	
  THE	
  DEFORMATIONS!!	
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Our	
  enemy…	
  some	
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Arizona	
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  about	
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Our	
  enemy…	
  some	
  figures	
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Isoplana%c	
  angle	
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ISOPLANATIC	
  ANGLE:	
  
Angle	
  from	
  the	
  reference	
  star	
  
where	
  the	
  correcDon	
  is	
  sDll	
  effecDve	
  

hr /00 ∝θ h

Guide	
  Star	
   Scien%fic	
  
Object	
  

Telescope	
  
pupil	
  
projec%ons	
  

Turbulent	
  
Layers	
  

Telescope	
  
pupil	
  



Turbulence	
  parameters…	
  

•  Fried	
  parameters	
  (the	
  size	
  at	
  which	
  WF	
  
perturba%on	
  is	
  sta%s%cally	
  more	
  than	
  one	
  radians)	
  

•  Greenwood	
  frequency	
  (the	
  inverse	
  of	
  the	
  %me	
  at	
  
which	
  perturba%on	
  changes	
  more	
  than	
  one	
  radians)	
  

•  Isoplana%c	
  angle	
  (the	
  angular	
  distance	
  between	
  two	
  
sources	
  whose	
  wavefront	
  is	
  perturbed	
  differently	
  by	
  more	
  
than	
  a	
  radians)	
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The	
  strategic	
  defense	
  ini%a%ve	
  
(propaga%on	
  in	
  the	
  atmosphere	
  declassified	
  in	
  1991)	
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Kick	
  off:	
  March	
  23rd,	
  1983	
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The	
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(propaga%on	
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  declassified	
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The	
  strategic	
  defense	
  ini%a%ve	
  
(propaga%on	
  in	
  the	
  atmosphere	
  declassified	
  in	
  1991)	
  



South	
  of	
  France	
  –	
  about	
  	
  26	
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…and	
  then	
  at	
  ESO	
  –	
  LaSilla	
  3.6m	
  
With	
  Come-­‐On	
  and	
  Come-­‐On+	
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Florence	
  –	
  about	
  22	
  years	
  ago	
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AcDve	
  and	
  adapDve	
  opDcs:	
  ESO	
  
Proceedings	
  of	
  the	
  ICO-­‐16	
  August	
  2-­‐5,	
  

1993,	
  Garching	
  



Secondary	
  Adap%ve	
  Mirrors	
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Layers	
  for	
  an	
  ar%ficial	
  reference	
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Layers	
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Problems	
  of	
  LGSs	
  

•  Tip-­‐%lt	
  indetermina%on	
  problem	
  
•  Conical	
  anisoplana%sm	
  
•  Focus	
  at	
  a	
  finite	
  distance	
  
•  Rayleigh	
  fratricide	
  effects	
  
•  Actual	
  distance	
  depends	
  upon	
  al%tude	
  and	
  layer	
  
local	
  varia%ons	
  

•  Cyrrus	
  can	
  make	
  large	
  scaBered	
  light	
  
•  Aircrae	
  and	
  satellite	
  hazards	
  
•  You	
  need	
  a	
  working	
  laser!	
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Layers	
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LGS	
  launch	
  systems	
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Launch 
mirror 

Beam expander exit 
and folding flat 

Laser units 

Laser  
platform 

Wavefront 
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Arizona	
  (with	
  some	
  Italian	
  flavor…)	
  –	
  about	
  20	
  years	
  ago	
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Canale:	
  PadovAdopt	
  



…present	
  to	
  future…	
  

•  High	
  order	
  AO	
  with	
  high	
  efficiency	
  mades	
  XAO	
  
•  Wider	
  Field	
  of	
  View	
  achieved	
  with	
  mul%ple	
  
DMs	
  

•  Pushing	
  into	
  the	
  visible	
  and	
  into	
  larger	
  Sky	
  
Coverage…	
  

•  Using	
  LGSs	
  or	
  even	
  higher	
  efficient	
  Wide	
  Field	
  
AO	
  (wait	
  for	
  a	
  couple	
  of	
  days…)	
  

•  Making	
  the	
  telescope	
  fully	
  adap%ve	
  
•  Making	
  correc%ons	
  achievable	
  on	
  a	
  small	
  scale	
  
(MOAO)	
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Wider	
  Field	
  	
  
of	
  View	
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Wider	
  Field	
  of	
  View	
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Thanks	
  for	
  your	
  pa%ence	
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