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•  AO	
  improves	
  resolu/on	
  by	
  correc/ng	
  for	
  the	
  
atmospheric	
  aberra/on	
  

•  AO	
  improves	
  SNR	
  over	
  background	
  (IR	
  In	
  
par/cular)	
  

•  AO	
  enables	
  science	
  from	
  the	
  ground:	
  
•  Planet	
  imaging	
  
•  Details	
  of	
  Galac/c	
  center	
  
•  Galaxy	
  mergers	
  –	
  growth	
  of	
  the	
  universe	
  

•  AO	
  can	
  take	
  advantage	
  of	
  large	
  telescope	
  
diameter	
  

Why	
  AO?	
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Galactic Center 
Prof. Andrea Ghez 
Galactic Center Group, UCLA 



The	
  Night	
  Sky	
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OH  emission	
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AO	
  Speed	
  Improvement	
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When	
  there	
  is	
  sky	
  background,	
  point-­‐
source	
  SNR	
  improves	
  as	
  sources	
  poke	
  
above	
  the	
  noise	
  

Exposure   time   to   a   given   SNR   as   a   function   of   telescope  
diameter  and  science  band,  with  and  without  AO.  “Signal”  
is   counted   in   the   diffraction-­‐‑limited   core   (AO   case)   or  
seeing   disk   (no   AO   case).   Noise   is   a   combination   of  
background,   thermal   emission,   dark   current   and   read  
noise,  with  backgrounds  and  emission  counted  only  in  the  
pixel   region   of   the   signal   photons.  Assumptions   are   r0   =  
actuator  spacing  =  10  cm,  warm  fore-­‐‑optics,   throughput  =  
50%.  	




Speed-­‐Resolu/on	
  Product	
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Keck	
  AO	
  Use	
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17%	
   41%	
  



Gemini	
  AO	
  Use	
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15%	
  



Introduc/on	
  of	
  Laser	
  to	
  AO	
  has	
  a	
  growing	
  
impact	
  on	
  science	
  with	
  AO	
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Gemini	
  Planet	
  Imager	
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•  AO	
  has	
  highest	
  payoff	
  in	
  the	
  near	
  infrared	
  
•  OH	
  lines,	
  and	
  thermal	
  emission	
  star/ng	
  at	
  2µ

•  Visible?	
  
•  MidIR?	
  

•  Wide	
  field	
  AO	
  
•  All-­‐sky	
  –	
  Laser	
  Guide	
  Stars	
  
	
  

Boaom	
  line	
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Why Laser Guide Stars?

1	
  -­‐	
  6	
  July	
  2012	
  
Amsterdam	
  RAI	
  Conven/on	
  Ctr.	
  
Amsterdam	
  Netherlands	
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AO Science on the Whole Sky
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AO Science on the Whole Sky

Hubble  deep  field  North	


No  natural  guide  stars  bright  enough  for  AO	




Mauna	
  Kea	
  Heavens	
  2	
  4K	
  –	
  Sean	
  Goebel	
  
haps://www.youtube.com/watch?v=H1JOU2iDKeM	
  

https://www.youtube.com/watch?v=H1JOU2iDKeM


•  As	
  close	
  to	
  infinity	
  as	
  possible	
  
•  As	
  close	
  to	
  a	
  point	
  source	
  as	
  possible	
  
•  As	
  bright	
  as	
  possible	
  

•  -­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  Par/culars	
  for	
  a	
  Sodium	
  layer	
  beacon:	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
•  Sodium	
  layer	
  at	
  90km	
  –	
  the	
  highest	
  beacon	
  possible	
  using	
  
natural	
  terrestrial	
  phenomena	
  –	
  much	
  higher	
  than	
  Rayleigh	
  
(atmosphere)	
  scaaer	
  at	
  ~30km	
  

•  Sodium	
  has	
  high	
  cross-­‐sec/on	
  
•  Sodium	
  can	
  be	
  op/cally	
  pumped	
  
•  System	
  issues	
  favor	
  pulsing	
  

•  Blanking	
  Rayleigh	
  background	
  return	
  
•  Pulse	
  tracking	
  to	
  counter	
  elonga/on	
  –	
  reduces	
  spot	
  size	
  

What	
  makes	
  an	
  ideal	
  laser	
  guide	
  star?	
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Op/cal	
  pumping	
  with	
  circularly	
  polarized	
  light	
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1	
  -­‐	
  6	
  July	
  2012	
  
Amsterdam	
  RAI	
  Conven/on	
  Ctr.	
  
Amsterdam	
  Netherlands	
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Spectral	
  Formats	
  are	
  driven	
  by	
  AO	
  system	
  considera/ons	
  
and	
  laser	
  technology	
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Narrow	
  band	
  CW	
  
with	
  repump	
  

3	
  CW	
  lines	
  
To	
  avoid	
  SBS	
  in	
  transport	
  fiber	
  

Picket	
  fence	
  
•  Q-­‐switch	
  (CSFL)	
  or	
  
•  Micropulse	
  (LMCT)	
  

or	
  
•  Avoid	
  SBS	
  in	
  

amplifier	
  fiber	
  (LLNL)	
  

Modulated	
  dye	
  laser	
  

>150MHz	
  to	
  avoid	
  down	
  pumping	
  



Pulse	
  formats	
  are	
  also	
  driven	
  by	
  AO	
  system	
  considera/ons	
  
and	
  laser	
  technology	
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Blank	

200us	


Receive	

67us	


Round  trip  to  bo]om  of  Na  layer  567us	


Spare	

94us	


Pulse  repetition  frequency  363us  (2.7kHz)	


Ñ  Receiver	
  is	
  blanked	
  while	
  pulse	
  is	
  <30	
  km	
  from	
  telescope	
  
•  Important	
  when	
  projec/ng	
  out	
  the	
  receiver	
  aperture	
  

Ñ  Pulse	
  width	
  can	
  be	
  0	
  <	
  tp	
  <	
  60us	
  due	
  to	
  spare	
  /me	
  in	
  the	
  cycle	
  
•  tp	
  <	
  3us	
  pulse	
  for	
  pulse	
  tracking,	
  but	
  duty	
  cycle	
  is	
  <	
  1%	
  
•  Slight	
  varia/on	
  to	
  this	
  solu/on	
  for	
  tp	
  =	
  30us,	
  10%	
  duty	
  cycle	
  (2.9kHz	
  rep)	
  

Ñ  All	
  /mes	
  scale	
  with	
  sec(z),	
  preserving	
  duty	
  cycle	
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ShaneAO	
  Guide	
  Star	
  Laser	
  
•  7-­‐9	
  spectral	
  lines,	
  10-­‐20%	
  duty	
  cycle	
  
•  Variable	
  pulse	
  repe//on	
  frequency,	
  goal	
  is	
  Rayleigh	
  blank	
  format	
  

•  Also:	
  goal	
  is	
  to	
  transport	
  to	
  launch	
  telescope	
  via	
  fiber	
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ShaneAO 

UC Observatories 
Laboratory for 
Adaptive Optics 

19	




Modeling	
  of	
  laser	
  pulse	
  format	
  interac/on	
  
with	
  sodium	
  atom	
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Some  advantage  to  pulses  <  100  µs	


Pulse  format  of  fiber  laser  (400  ns,  500  kHz,  20%  duty  
cycle)  shows  inter-­‐‑pulse  optical  pumping	


Predicted  return  of  new  laser:  5  –  10  x  the  return  of  
the  current  dye  laser  at  Lick	


Rampy, 2012 



Guide	
  Star	
  Laser	
  
•  Gets	
  to	
  the	
  sodium	
  589nm	
  line	
  by	
  mixing	
  two	
  IR	
  lines	
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ShaneAO 

UC Observatories 
Laboratory for 
Adaptive Optics 

Jay  Dawson,  LLNL	
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ShaneAO:	
  New	
  adap/ve	
  op/cs	
  system	
  for	
  
the	
  Shane	
  3-­‐meter	
  telescope	
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ShaneAO 

UC Observatories 
Laboratory for 
Adaptive Optics 

Old System ShaneAO 

High Strehl in K band 
J and H accessible 

High Strehl in J, H, and K bands 
I band accessible 

Diffraction-limited imaging in K 
19 arcsec FOV    76 mas/pix 

Diffraction-limited in J, H, and K 
20 arcsec FOV    33 mas/pix 

more sensitive science detector 

Limited to short exposures 4-hour exposures 
enables dim object spectra 

Fixed on-sky orientation Instrument can rotate 
to set the spectrograph slit angle 



Woofer-tweeter control 
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Uranus,  Rings,  Moons	


Click  on  the  image  -­‐‑  it’s  a  movie	

  Note  the  motion:  rotating  planet  and  orbiting  moons	

  3  rings  are  resolved  	
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Star cluster M92 

Diffraction-­‐‑limit  (note  the  Airy  rings)  everywhere  in  this  28  arcsec  field	

Hundreds  of  stars	




Also,	
  Isoplana/c	
  angle	
  
may	
  be	
  much	
  larger	
  than	
  expected	
  

26 This implies we can have AO correction on a wider field 
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Mt	
  Hamilton	
  Seeing	
  

•  Mt	
  Hamilton	
  seeing	
  is	
  anecdotally	
  1.25	
  to	
  1.5	
  arcseconds	
  FWHM	
  of	
  star	
  in	
  mid	
  
visible	
  (V-­‐band)	
  

•  Years	
  of	
  data	
  collec/on	
  (from	
  telescope	
  guider	
  cameras)	
  seem	
  to	
  support	
  this	
  

27	


Figure 1  Seeing data from the APF guider. Left, time series from one night’s observing 
with data taken every few seconds. Histogram of seeing for several months. Right average 
seeing on a monthly basis over the past year. 



ShaneAO	
  can	
  measure	
  “free-­‐seeing”	
  
independent	
  of	
  telescope	
  and	
  dome	
  

•  There	
  is	
  evidence	
  that	
  free	
  seeing	
  of	
  the	
  Mt.	
  Hamilton	
  site	
  is	
  much	
  
be(er	
  than	
  1.25	
  arcsec,	
  more	
  like	
  0.7	
  arcsec	
  

•  We	
  will	
  be	
  collec/ng	
  seeing	
  data	
  every	
  AO	
  night	
  
•  Submiaed	
  a	
  proposal	
  to	
  construct	
  a	
  seeing	
  monitor	
  –	
  this	
  will	
  

complement	
  observing	
  programs	
  (e.g.	
  PSF	
  es/mator)	
  
•  Future	
  AO	
  development	
  at	
  Lick	
  may	
  be	
  impacted	
  by	
  results	
  
•  Future	
  Mt	
  Ham	
  site	
  use	
  may	
  be	
  impacted	
  by	
  results	
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AO  off	


AO  correcting  static  
aberration	




•  Laser	
  guide	
  stars	
  will	
  bring	
  AO-­‐fed	
  instrumenta/on	
  into	
  high-­‐
use	
  at	
  large	
  telescopes	
  

•  2nd	
  genera/on	
  technology	
  enables	
  unprecedented	
  science	
  
discoveries	
  

•  Even	
  slow	
  AO	
  (“ao”	
  –	
  “ac/ve”	
  op/cs),	
  can	
  improve	
  science	
  
produc/vity	
  of	
  all	
  instruments	
  -­‐	
  ASM	
  

Conclusions	
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