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PREFACE

Groundbased optical and infrared astronomy is on the threshold of a new era, thanks to the
invention and development of adaptive optics. This technique enables the theoretical limit of
angular resolution to be achieved from a large telescope, despite the presence of atmospheric
turbulence, or seeing. Thus an eight-metre class telescope, such as one of the four that comprise
the Very Large Telescope (VLT) operated by the European Southern Observatory in Chile, will in
future routinely be capable of an angular resolution of almost 0.01 arc-seconds, compared to the
present resolution of about 0.50 arc-seconds for conventional imaging in good conditions. Adaptive
optics on groundbased telescopes will provide higher angular resolution than space telescopes, as for
the foreseeable future we shall always be able to build bigger (and much less expensive) telescopes
on Earth than those to be launched into space.

All the World’s major telescopes either have adaptive optics (AO) installed or are in the process of
building AO systems. These first generation systems will not achieve the highest angular resolution,
and probably will provide a resolution in the range 0.05 to 0.10 arc-seconds, an order of magnitude
improvement on conventional imaging but still significantly below the value of 0.01 arc-seconds.
To understand why this is so, we need to understand how an AO system works.

An adaptive optics system consists of three essential components: a wavefront sensor, a deformable
mirror, and a control system. In the early days of AO, the technology of deformable mirrors and fast
control systems were the main concerns of those developing systems, but nowadays there is fairly
universal agreement that the kéy part of the process is wavefront sensing. If one cannot measure
the wavefront deformation induced by the turbulent atmosphere, there is no hope of correcting for
it. To sense the wavefront within the atmospheric coherence time, a fairly bright source is required,
almost certainly brighter than the astronomical object of interest. So the strategy is usually to
select the nearest bright star to the science object for wavefront sensing, but the disadvantage
of this is that the sensed turbulence is not exactly the same as that experienced by the science
object, an effect known as angular isoplanatism. When all the calculations are complete, it turns
out a reasonable fraction of the sky can be observed using adaptive optics, with moderately good
imaging quality, provided that the wavelength used for imaging is in the near infra-red. Of course,
the angular resolution is proportional to wavelength, so near IR images do not provide as good
angular resolution as visible light.

The solution is for astronomers to create their own laser guide star to facilitate the wavefront
sensing process. There is a layer of sodium atoms at approximately 90 km altitude, and this can
be excited by a laser to -produce such a source. Alternatively, or in addition, Rayleigh scatteriﬁg

lower in the atmosphere may be employed, although this is not the currently favoured approach.
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Since the laser guide can be created anywhere in the field of view — for example, right in the middle
of the science object — and in principle (and with enough money!) can be relatively bright, it
might seem that this is the ideal solution and therefore that laser guide star adaptive optics would
effortlessly attain the goal of 0.01 arc-second resolution at visible wavelengths.

Unfortunately, the production and use of a laser guide star is not trivial from a technical standpoint,
and in addition there are fundamental issues not directly solved by the use of a laser guide star.
These provided the motivation for the NATO Advanced Study Institute (ASI) on “Laser Guide
Star Adaptive Optics for Astronomy”, held in Cargese, Corsica, from September 29 to October 10,
1997, upon which this book is based. At this meeting, the key issues determining the successful
implementation of laser guide stars were discussed: these included the physics of the sodium atom,
the cone effect, tilt determination, sky coverage and numerous potential astronomical applications.
Approximately 80 scientists participated in the ASI over a two-week period. Although there has
been a significant delay between this meeting and the publication of this book, all the Chapters
are fully up-to-date and should be of particular value to those now building and using the first
generation of astronomical laser guide star systems.

The Advanced Study Institute was co-chaired by J C Dainty (Imperial College) and N Hubin (Eu-
ropean Southern Observatory), who were assisted by a Scientific Organising Committee consisting
of R Foy (Observatoire de Lyon), C Max (Lawrence Livermore Laboratory), S T Ridgway (NOAO,
Tucson) and C E Webb (Oxford). Particular thanks go to Annie Touchant and the staff of the
Institut d’Etudes Scientifiques, Cargese for their assistance with the local organisation and their
warm hospitality, and to Georgette Huber of ESO for her administrative help. The Advanced
Study Institute was sponsored by the Scientific Affairs Division of NATO.

The Editors are deeply grateful to the contributors of this Volume for the care and patience
they exercised in the preparation and revision of their manuscripts. We are grateful also to the
many participants who provided photographs taken during the meeting. We hope that this book
will stimulate those interested in developing and using new astronomical observing techniques to
produce even more spectacular observations, and a greater understanding, of our Universe.
Nancy Ageorges, Galway

Chris Dainty, London

February, 2000
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