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We examine wave-front distortion caused by high-power lasers on transmissive optics using a Shack- 
Hartmann wave-fcont sensor. The coupling coefficient for a thermally aberrated Gaussian beam to the 
TEM,, mode of a cavity was determined as a function of magnitude of the thermally induced aberration. 
One wave of thermally induced phase aberration between the Gaussian intensity peak and the l/e2 
radius of the intensity profile reduces the power-coupling coefficient to the TEM,, mode of the cavity to 
4.5% with no compensation. With optimal focus compensation the power coupling is increased to 79%. 
The theoretical shape of the thermally induced optical phase aberration is compared with measurements 
made in a neutral-density filter glass, Faraday glass, and lithium niobate. The agreement between the 
theoretical and the measured thermal aberration profiles is within the rms wave-front measurement 
sensitivity of the Shack-Hartmann wave-front sensor, which is a few nanometers. O 2001 Optical 
Society of America 
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1. Introduction 
High-power lasers with excellent spectral- and 
spatial-mode properties are required for applications 
such as laser machining, medicine, quantum optics, 
nonlinear optics, fusion, and interferometry. In- 
creasing laser power while maintaining laser beam 
quality requires careful consideration of beam distor- 
tion that can be caused by thermal and nonlinear 
optical effects. Thermal lensing in transmissive op- 
tics can be neglected for applications in  which beam 
quality is not important. However, for applications 
such as the Laser Interferometric Gravitational- 
Wave Observatory (LIGO),l high beam quality a t  
high power is critical. 

The LIGO detector is a Michelson interferometer 
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with 4-km-long arms, each containing a Fabry-Perot 
cavity designed to sense a phase change induced on a 
laser beam by a gravitational wave. Because the 
LIGO design specifies an M2 of 1.1, any significant 
distortion of the beam reduces the beam quality be- 
low this specification. Although it is possible to com- 
pensate static aberrations with null-corrector plates, 
dynamic aberrations remain a problem for high- 
power lasers that require high beam quality. The 
dynamic aberrations we consider in this paper are 
caused by absorption of light that causes heating in 
the optical components and therefore an optical path- 
length change that distorts the beam. The &st- 
generation LIGO receiver, called LIGO I, uses a 10-W 
Nd:YAG laser to illuminate the interferometer, so 
thermally induced aberrations are not severe enough 
to require active compensation. The f i s t  upgrade to 
LIGO, which is called LIGO 11, may use a 180-W 
Nd:YAG laser, making the thermal distortions more 
than an order-of-magnitude worse and possibly ne- 
cessitating some type of active compensation. 

One possible technique to compensate for dynamic 
aberrations is an adaptive optics system.2 Adaptive 
optics is an engineering technique developed by the 
astronomical community for sensing and compensat- 
ing atmospheric aberrations that lead to reduced im- 
age quality. The typical adaptive optical system 
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