Adaptive Optics for Astronomy Today 

by Gary Fujihara and Mark Chun

Have you ever looked far down a road on a very hot, sunny day and seen a mirage?  The mirage is created by pockets of air with rapidly varying temperatures between you and the object.  These pockets of optical turbulence cause the air to act like a thick, flexible lens, distorting the image of the objects behind it.  

The light from stars also gets distorted by optical turbulence in our atmosphere.  One manifestation of this is the twinkling of starlight.  The biggest detrimental effect of the optical turbulence is the distortion or smearing of an image formed by a telescope on the ground.  In the absence of these distortions the angular resolution or the fineness of detail that can be acheived by a telescope is proportional to the wavelength observed and inversely proportional to the diameter of the telescope.  Larger telescopes and shorter wavelength light can the theory produce finer details.  The limit is set by optical diffraction so this limit is often referred to as the diffraction-limit of the telescope.  However, even at the best sites, ground-based telescopes observing at visible wavelengths cannot achieve better angular resolution than telescopes of 10 to 20 cm diameter.  While the large telescopes on Mauna Kea can collect more light, and thus detect fainter objects than smaller telescopes, atmospheric turbulence compromises the potential diffraction limit of a telescope by blurring the incoming starlight, a phenomenon known as "seeing".  For a typical ground-based astronomical site the seeing limits the angular resolution to one second of arc.  This is roughly the ability to resolve the two headlights of a car in Honolulu from Mauna Kea.  If we could remove these distortions the large telescopes on Mauna Kea could resolve the same car's headlights in Washington D.C.!  

There are several ways to circumvent this problem of seeing.  One way is to move to a site with better seeing!  Astronomers are actively trying to identify new astronomical telescope sites but to date Mauna Kea stands as the premier site in the world from the aspect of seeing.  Another approach is to observe at longer wavelengths as the effects of seeing are reduced as you move from the visible part of the light spectrum into the infrared, and into the mid infrared wavelengths.  However at longer wavelengths the diffraction limit is worse and eventually the earth's atmosphere absorbs much of the mid to far infrared light. Even more importantly, the choice of wavelength is driven by the science of what you want to observe.  Another option is to get above the atmosphere and the effects of seeing and observe from space.  The Hubble Space Telescope has demonstrated the advantages of observing from space but it is comparatively very expensive.

Today, most major ground based telescopes are equipped with adaptive optics systems that automatically compensate for light distortions by measuring and correcting for the seeing in real time.  This is accomplished by sampling starlight through a representative column of atmosphere above the telescope through a device called a wavefront sensor.  The sensor measures the light's wavefront distortion.  A computer interprets the wavefront distortions, calculates a wavefront that negates the atmospheric distortions, then applies this correction to a deformable mirror.  In order to stay ahead of the constantly changing atmospheric distortion, an adaptive optics system typically measures and corrects the distorted wavefront several hundred to a thousand times a second.   Mauna Kea is home to one of the largest concentration of adaptive optics systems in the world in part due to its inherently good seeing conditions.  The systems here range in complexity from those correcting mostly for telescope windshake to systems acheiving nearly diffraction limited images with laser-produced wavefront reference sources on the World's largest optical telescopes.   

Adaptive optics systems now allow ground based telescopes to routinely achieve angular resolutions at or very close to the diffraction limit at wavelengths just longward of the red end of the visible spectrum.  Current research includes working toward systems that obtain these corrections at shorter wavelengths, systems that make corrections over larger fields of view, and systems that will possibly obtain images of planets around nearby stars.

Dr. Mark Chun is currently an Assistant Astronomer for the University of Hawaii Institute for Astronomy (IfA), and is a Co-PI and Project Manager (PM) for Hokupa'a-85, a curvature adaptive optics system for the Gemini-South 8-m telescope, and the Co-PI and PM for the AO subsystem for the Near-IR Coronograph Imager for Gemini-South.  He has over 8 years experience building and supporting adaptive optics systems for astronomy, and has performed site characterization surveys of Mauna Kea, Cerro Pachon, and San Pedro Martir.

Mark will be the featured speaker at "The Universe Tonight" program held 6:00 pm Saturday, April 3rd at the Mauna Kea Visitor Information Station at the 9300 foot level of Mauna Kea, and will talk about an adaptive optic systems being built at the IfA for use on the 8 meter Gemini South Telescope in Chile as well as the activity around the world to develop the next generation adaptive optics systems.

