
PSF center. The photoelectron statistics also evolve, with 
the distance to the PSF core, from the Laguerre to the 
Bose-Einstein distribution. 

Hence, the photoelectron distribution at the tele
scope image plane can be obtained using the simple 
expressions we proposed. The dependence on the cor
rection degree is quite clear and can be included in a 
simple way. This is the first set of expressions that 
describe the photocount distribution as a function of 
the compensation level and the position at the image 
plane. The knowledge of this density function can be 
useful in developing new deconvolution methods or 
even to find new techniques of detecting exoplanets 
simply by detecting changes in the count statistics.4 
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Adaptive Optics for the 6.5 m MMT 
Michael Lloyd-Hart 

The advent of adaptive optics for astronomy is open
ing new frontiers of scientific research by providing 

dramatic improvements in the resolving power of 
ground-based astronomical telescopes.1 Imaging and 
spectroscopy at the diffraction limit of resolution are 
beginning to be possible in the near infrared at tele
scopes with large aperture (6-10 m). 

Work is underway to equip the 6.5 m MMT conversion 
telescope with a state-of-the-art adaptive optics system 
which uses a novel deformable mirror as the wavefront cor
rector. To maximize photon efficiency, and minimize ther
mal background radiation for infrared observers, 
correction will be done at the secondary mirror of the tele
scope itself,2 which avoids the need for additional optics 
between the telescope and the science detector—light com
ing from the telescope is already corrected. In the develop
ment of a secondary mirror whose shape will be changed at 
about 1 kHz, major advances have been made. The Steward 
Observatory Mirror Laboratory has pioneered the manu
facture of large (64 cm diameter), thin (< 2 mm), highly 
aspheric glass shells to high accuracy. With collaborators in 
Florence, Italy, we have learned, using subscale prototypes, 
how to control the dynamics of such a piece of glass in the 
midst of a forest of natural resonances, to ensure that the 
shape required to compensate the instantaneous optical 
aberration can be applied very rapidly, in 0.5 ms. 

The adaptive secondary for the 6.5 m is now under 
construction and will be completed before the end of the 
year. It will initially be installed in a test tower which in the 
lab mimics the optical environment of the telescope. Com
plete dynamic testing of closed-loop wavefront correction 
will then begin, using simulated turbulence which matches 
the atmospheric distortion in a controlled manner. Trans

fer to the telescope will occur in early spring 2000, to be 
followed very shortly by operation as a scientific tool. 

In parallel with the development of the closed-loop sys
tem, we are working toward the installation of a laser guide 
star that will greatly enhance the system's scientific utility. 
With the ability to place a guide beacon anywhere we want 
in the sky, the fraction of the observable sky available for 
exploration at high resolution will increase from roughly 
10% at 2 micron wavelength to around 90%. 

Looking further ahead, we have developed a prototype 
for a different kind of deformable mirror, one which holds 
promise of extension to thousands of actuators at modest 
cost. Installation of such a mirror with 3000 actuators as a 
second stage of correction in the 6.5 m optical beam train, 
after the adaptive secondary, would allow correction to the 
diffraction limit in the visible, < 0.02 arcsec. With such high 
fidelity correction of the distorted wavefront, a number of 
exciting scientific programs become possible, including the 
direct imaging of large planets around other nearby stars. 
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Bio-Imaging Microscopy 
Confocal Microscopy of Human Tissues in Vivo 
Milind Rajadhyaksha and Salvador Gonzalez 

Conventional histopathology for screening or diagnos
ing diseases and disorders is an invasive method that 

involves excising a small piece of tissue (biopsy), fixing, 
cutting into thin slices (sectioning), and staining with 
dyes. The stained sections are then examined with a light 
microscope. Biopsies can be painful, scarring, expensive, 
and time-consuming. Often, the best site to biopsy is diffi
cult to visually ascertain which, then, necessitates multiple 
biopsies. When screening, a large number of cases turn 
out to be negative, meaning that the biopsies were unnec
essary. Confocal reflectance microscopy potentially obvi
ates these problems and offers physicians an imaging 
technique that is noninvasive and operates in real-time. 

Confocal reflectance microscopes can noninvasively 
image thin en face sections within living intact human 
tissue with high resolution and contrast;1-3 this is known 
as optical sectioning. Nuclear, cellular, and tissue archi
tecture can be imaged without having to perform a biop
sy or physical sectioning and staining. We have built 
confocal scanning laser microscopes that can image at 
rates between 10 frames/second and 30 frames/second 
(video-rate).1,2 Both normal and abnormal human skin 
and oral mucosa in vivo can be imaged (Figure 1) and 
characterized in fields-of-view of 0.1-1.0 mm (=100-
10000 cells). The optimum illumination power, that does 
not damage tissue, is 5-30 milliwatts. The experimentally 
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