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Why Do We Need Adaptive Optics?

Why is Visible AO So Hard?

But It's Worth It

Adaptive Secondaries

 Starlight passes through the    
 turbulent atmosphere before being   
 collected by a telescope.
 This is why stars "twinkle“
 An adaptive optics (AO) system   
 measures this turbulence, and   
 removes it.
 This is done 1000 times a second   
 with a deformable mirror.
 Without AO a big 6.5 meter     
 diameter  telescope has the same   
 resolution as a typical backyard   
 telescope.

 To date AO systems on large (6.5 to 10m) telescopes have worked   
 well  in the IR, where the wavelength of light is longer than that     
 sensed by the human eye.
 Everything difficult about the AO problem scales with wavelength. 
 Green light is > 3X shorter than the IR light typically used for 
 AO Astronomy.
 At shorter wavelengths atmospheric turbulence is more severe and   
 changes faster.
 Telescopes vibrate, and these vibrations have a larger effect at     
 shorter wavelengths.
 Atmospheric Dispersion, which essentially spreads stars into     
 rainbows on the camera, is far worse in the visible.

 Telescope resolution is typically calculated as the ratio of wavelength λ   
 to telescope diameter D: working in the visible can give 2-3X better    
 resolution than the IR.
 Atmospheric transmission is higher in the visible (more light reaches us).
 Background levels are lower in the visible (less noise).
 Some of the strongest spectral features, such as those from Hydrogen   
 and Oxygen, are observed in the visible.
 An Earth-like planet around a Sun-like star will reflect light in the visible   
 – the visible AO techniques we develop today may help to detect such 
 a planet in the future.

(A1.) shows a typical AO system. (A2.) shows an AO system with an adaptive secondary 
mirror (ASM). This innovation, developed at the University of Arizona along with 
collaborators in Italy, minimizes the number of additional mirrors in the system. This is 
especially critical in the infrared (IR), where warm surfaces increase background noise.  
(B.) is the MMTAO ASM at Mt. Hopkins, Az. The Large Binocular Telescope (LBT) on Mt. 
Graham, Az now has two ASMs, and a new ASM is in testing for the Magellan Clay 
telescope in Chile (the topic of this research).
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Arizona's Newest Astronomical Camera System 
Delivers Unprecedented Visible Light Performance

�e Magellan Adaptive Secondary Project

Aluminizing the Thin Shell

 The Magellan Telescopes are twin 6.5 meter telescopes at   
 Las Campanas Chile.

 Built and operated by a consortium of the Carnegie Institution   
 for Science, the University of Arizona, Harvard University, The   
 University of Michigan and the Massachusetts Institute of    
 Technology

 The 6.5m glass mirrors were cast and polished at the     
 Steward Observatory Mirror Lab, in Tucson.

 We are using a near-clone of the adaptive secondary mirrors   
 developed for the Large Binocular Telescope (LBT).

 This will be the first AO system at the Magellan telescopes,   
 and provide an important resource for U.S. Astronomers in   
 the Southern Hemisphere.

 This project involves a large worldwide team. In addition to   
 the UA team working under Prof. Laird Close, we work closely   
 with the Carnegie Institution in Pasadena, CA, and with     
 collaborators in Florence and Bolzano Italy.

A night time view of one of the Magellan Telescopes, at Las Campanas, Chile. 
The Milky Way is visible above.

A relieved Principal Investigator Laird Close reflected in the secondary. Handling the thin shell is the 
scariest operation in this project.

Full System Integration and 
Testing In Florence, Italy

First Results!

The Test Tower - a simulated telescope

Follow the MagAO project at http://visao.as.arizona.edu

Initial Testing in Tucson, Arizona
Our Camera

During late 2010 and early 2011 we completed  the final stages of 
fabrication and assembly of the Magellan AO system in Tucson. These 
steps included:

 Our 1.5 mm thick glass shell was coated with Aluminum in March.   
 585 magnets, which allow us to deform the mirror to correct for     
 atmospheric turbulence, are glued on the back.
 Integration and initial testing of the science camera which we will use   
 to  take our visible-wavelength images at Magellan. 

 Our VisAO camera has several innovative and non-standard     
 features designed to mitigate the difficulties described earlier:
  A new high-performance atmospheric dispersion corrector    
  (ADC) designed by Derek Kopon.
  A high speed, asynchronous mechanical shutter. The intelligent   
  decision making algorithms to control the shutter are the subject   
  of  the author's research.
  Our science camera, optimized for low-noise efficient operations   
  (a frame-transfer CCD), is co-mounted with the Wave Front    
  Sensor (WFS) to minimize the effects of vibrations.

Due to the LBT project's collaboration with the 
Arcetri Observatory in Florence, Italy, the Magellan 
AO system will be fully tested in their one-of-a-kind 
test tower. From mid-April to late-July 2011, the 
Magellan AO team relocated to Florence Italy to 
complete the final stages of assembly and initial 
tests.  

The Magellan AO Wavefront Sensor and VisAO 
Camera, installed in the“NAS Ring“, which will 
eventually bolt to the side of the Magellan Clay 
telescope's Nasmyth port. Note the significant increase 
in complexity in just a few months time compared to the 
bench top picture of the camera in Tucson. The 
platform holding the sensitive optics translates in all 3 
axes with micron precision, and the optical components 
have all been aligned to the same level.  

The Magellan AO System 
mounted in the Arcetri test 
tower and fully cabled for 
operation. During our time in 
Italy we participated in the final 
production of the electronics 
racks and associated cabling. 
The “NAS  Ring“ was 
manufactured and assembled 
by the UA's machine shop.  

These images show our 
very first closed loop 
results with the Magellan 
AO system and VisAO 
Camera. These were 
obtained within one day of 
making the final 
connections shown above.

We use a measure of 
image quality called the 
Strehl Ratio, which 
compares the  image we 
take through the 
atmosphere with the best 
image theoretically 
possible.

Here we show such a comparison. Through a very realistic simulated atmosphere, which 
represents below average seeing at the Magellan site, we achieve a Strehl Ratio of 55% at 
challenging visible wavelengths (lower left panel).

The lower right panel demonstrates why we need adaptive optics – this ''blob'' is the same 
simulated star and atmosphere combo, but with no AO.  

These results indicate that when we deploy our system at Magellan we will obain 
unprecedented performance for a ground based astronomical imaging system working in 
the visible.  We will take images 3X sharper than the Hubble Space Telescope can at the 
same wavelengths.

Over the next months system performance will be optimized to even higher levels.  The 
system will undergo acceptance testing in late 2011 and early 2012, and then be shipped to 
Chile for a first-light target of mid August 2012.

The Magellan Adaptive Optics System and VisAO Camera


