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At	
  least	
  up	
  to	
  here…	
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The	
  volume	
  
we	
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42 m 

92 km 

1.57 arcmin 

α 

θmax∼ 2α + 1.57 arcmin 
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Yes,	
  t
he	
  pr

eviou
s/cur

rent	
  

Laser
	
  exhib

its	
  so
me	
  trou

ble	
  

in	
  po
wer/q

uality
/relia

bility
	
  

but	
  th
e	
  nex

t	
  one
	
  is	
  gre

at!	
  



Let’s	
  try	
  to	
  summarize…	
  

•  The	
  usable	
  FoV	
  to	
  compensate	
  ground	
  layer	
  
can	
  be	
  huge…	
  

•  The	
  usable	
  FoV	
  to	
  compensate	
  highest	
  
al0tude	
  layer	
  can	
  be	
  significant	
  large	
  for	
  larger	
  
telescopes	
  

•  LGSs	
  will	
  employ	
  nevertheless	
  a	
  certain	
  
rela0vely	
  large	
  angle	
  of	
  the	
  rays	
  involved	
  

•  Why	
  not	
  to	
  push	
  for	
  going	
  natural…???	
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LO	
  Mul0ple	
  FoV	
  concept	
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WFS	
  conjugated	
  to	
  High	
  Layer	
  

HIGH 
LAYER 

GROUND 
LAYER 

2 ’ Telescope	
  pupil	
  

Metapupil	
  

Pyramid	
  

CCD	
  conjugated	
  to	
  
High	
  Layer	
  

CCD	
  conjugated	
  to	
  
Ground	
  Layer	
  

Objec>ve	
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Stars	
  enlargers	
  

Pupil	
  objec0ves	
  From	
  drawings…	
   …to	
  metal!	
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Achromat 
 lenses 

Pyramids High altitude 
pupil re-imager 

Ground  
pupil  
re-imager 

Beam splitter 
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Mechanical	
  Design	
  
Focusing  

mechanisms 
CCD conjugated to  

the ground layer 

CCD conjugated to  
the high altitude layer 

Beam splitter 

Pupil re-imaging 
optics 

Star enlargers XY stages for 
Stars positioners 

Entrance focal plane 
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6	
  nights/7	
  science	
  papers	
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6	
  arcmin	
  12	
  NGS	
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SNR	
  

N.	
  Layers	
  



A	
  2D	
  plot	
  of	
  turbulence	
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Beyond…	
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Beyond…	
  
1.  Are	
  we	
  at	
  the	
  ul0mate	
  sensi0vity	
  in	
  WFS…???	
  
•  Remember	
  heading	
  to	
  the	
  vis	
  means	
  even	
  less	
  photons	
  per	
  

subap	
  per	
  int.	
  5me	
  (even	
  with	
  LGSs)…	
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Beyond…	
  
1.  Are	
  we	
  at	
  the	
  ul0mate	
  sensi0vity	
  in	
  WFS…???	
  
•  Remember	
  heading	
  to	
  the	
  vis	
  means	
  even	
  less	
  photons	
  per	
  

subap	
  per	
  int.	
  5me	
  (even	
  with	
  LGSs)…	
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Do	
  we	
  e
ven	
  nee

d	
  actual
	
  photon

s…??	
  

LGSs	
  are	
  so	
  different	
  from	
  NGSs	
  that	
  s0ll	
  very	
  

few	
  has	
  been	
  done	
  (remember	
  the	
  z-­‐invariant?)	
  



Beyond…	
  
1.  Are	
  we	
  at	
  the	
  ul0mate	
  sensi0vity	
  in	
  WFS…???	
  
•  Remember	
  heading	
  to	
  the	
  vis	
  means	
  even	
  less	
  photons	
  per	
  

subap	
  per	
  int.	
  5me	
  (even	
  with	
  LGSs)…	
  	
  
2.  Can	
  we	
  take	
  advantage	
  of	
  the	
  S≈1	
  era…???	
  
•  A	
  number	
  of	
  techniques	
  and	
  sensing	
  approaches	
  discarded	
  

because	
  of	
  the	
  “low	
  Strehl”…	
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Beyond…	
  
1.  Are	
  we	
  at	
  the	
  ul0mate	
  sensi0vity	
  in	
  WFS…???	
  
•  Remember	
  heading	
  to	
  the	
  vis	
  means	
  even	
  less	
  photons	
  per	
  

subap	
  per	
  int.	
  5me	
  (even	
  with	
  LGSs)…	
  	
  
2.  Can	
  we	
  take	
  advantage	
  of	
  the	
  S≈1	
  era…???	
  
•  A	
  number	
  of	
  techniques	
  and	
  sensing	
  approaches	
  discarded	
  

because	
  of	
  the	
  “low	
  Strehl”…	
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Let’s	
  try
	
  to	
  be	
  sm

art,	
  or	
  e
ven	
  Smarh…	
  



Beyond…	
  
1.  Are	
  we	
  at	
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  sensi0vity	
  in	
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•  Remember	
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  to	
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  means	
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  less	
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  (even	
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2.  Can	
  we	
  take	
  advantage	
  of	
  the	
  S≈1	
  era…???	
  
•  A	
  number	
  of	
  techniques	
  and	
  sensing	
  approaches	
  discarded	
  

because	
  of	
  the	
  “low	
  Strehl”…	
  
3.  I	
  want	
  a	
  WFS	
  that	
  makes	
  hat	
  larger	
  than	
  λ/D…!!!	
  
•  Spectroscopist	
  would	
  love	
  that…!!!	
  –	
  Engineering	
  par5al	
  AO	
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Or	
  a	
  smoother,	
  ea
sy	
  to	
  hand

le	
  PSF…	
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Beyond…	
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3.  I	
  want	
  a	
  WFS	
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  hat	
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  than	
  λ/D…!!!	
  
•  Spectroscopist	
  would	
  love	
  that…!!!	
  –	
  Engineering	
  par5al	
  AO	
  
4.  I	
  want	
  a	
  refrac0ve	
  wavefront	
  corrector…!!!	
  
•  Designing	
  new	
  instruments	
  and	
  retrofikng	
  exis0ng	
  ones	
  so	
  

easy	
  that	
  this	
  would	
  made	
  a	
  new	
  era	
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4.  I	
  want	
  a	
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  corrector…!!!	
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Even	
  voice	
  coil	
  a
cts.	
  technology,

	
  

that	
  is	
  now	
  base
line	
  even	
  for	
  ESO

	
  was	
  

just	
  a	
  Piero’s	
  (et
	
  al.)	
  dream	
  a	
  decade	
  ago	
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  love	
  that…!!!	
  –	
  Engineering	
  par5al	
  AO	
  
4.  I	
  want	
  a	
  refrac0ve	
  wavefront	
  corrector…!!!	
  
•  Designing	
  new	
  instruments	
  and	
  retrofikng	
  exis0ng	
  ones	
  so	
  

easy	
  that	
  this	
  would	
  made	
  a	
  new	
  era	
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“…I was disappointed by the wrinkle in history 
that had brought me along one generation late. I 
had missed all the great times and adventures in 
flight…”	
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July	
  1969	
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Neil	
  Armstrong	
  

Chuck	
  Yeager	
  



Thanks	
  for	
  your	
  pa0ence	
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