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Laser generated guide stars in the mesosphere at 90 km provide an effective beacon for 
adaptive optics schemes which compensate the effects of atmospheric turbulence. Atomic 
sodium, the species with the highest product of integrated density and cross section, 
requires an exciting Iaser with a stable wavelength of 589 nrn, a spectrd bandwidth of -3 
GHz and a peak power incident on the mesosphere of 15 W/cm2 in order to reduce the 
effects of saturation. There are several other attributes of the laser which are desirable from 
a point of view of overall adaptive optics system performance and operation ease. These 
include the following: (1) near diffraction limited beam quality which is needed to make a 
small laser guide star, (2) pointing accuracy in the arcsecond range with resolution in the 
subarcsecond range, (3) the ability to detune the laser for background subtraction or retune 
to another wavelength for polychromatic guide starsl, (4) a configuration which simplifies 
the laser projection optics and does not require beam paths through the telescope bearings 
and (5) an effective method of removing waste head from the laser before it enters the dome 
volume. Finally, while lasers with average power in the ten watt range may be sufficient 
for observations in the near IR, extension to visible observations will require multiple guide 
stars with total powers in the hundred watt range. Therefore the ability to scale up in 
power by an order of magnitude in a straightforward manner is certainly desirable. 

Liquid dye laser such as those developed for laser isotope separation2 have been used at 
LLNL for several years and have produced sodium Iayer guide stars which are actually 
visible to the unaided eye3. These lasers use copper vapor lasers as the dye pump source 
and are large and bulky but for dye laser outputs in the several kilowatt range, are an 
obvious choice. For the lower power guide star application, copper vapor lasers which 
deliver their power in both a yellow and a green line of short pulses are not the obvious 
choice. The yellow line at 578 nm is too close to the sodium line for efficient pumping and 
the short pulses complicates the problem on sodium saturation. 

Frequency doubled YAG lasers have proven to be an effective pump source for dye lasers 
with just green emission, high pulse repetition rates and longer pulses. These lasers axe 
CW pumped by either flashlamps or diode arrays, Q switched to produce PRF‘s of tens of 
kilohertz and pulse duration of hundreds of nanoseconds and doubled by an intracavity 
IC” crystal. Even with inexpensive flashlamps, the beam quality of these lasers is 
adequate for coupling to a multimode fiber which is acceptable for dye laser pumping. The 
dye lasers can accept multiple fiber inputs either simultaneously to increase the peak power 
or sequentially to increase the average power. The YAG lasers are relatively inexpensive 
and can be packaged four to a standard electronics rack for efficient space utilization. The 
fiber optic delivery scheme allows the dye lasers to be mounted directly on the telescope 
itself while the less efficient YAG lasers are located remotely for easy removal of waste 
heat. In addition, the dye laser oscillator is also remotely located and coupled to the dye 
lasers on the telescope by single mode fiber. The fibers are routed through the telescope 
cable wraps in much the same manner as signal cables. The preamplifier and power 
amplifier dye lasers on the telescope are quite efficient and most of their waste heat is 
removed by the dye itself with little heat escaping to the dome volume. 



A 20 W version of this YAG pumped dye laser has been built and installed OR the 3 rn 
Shane telescope at the Lick Observatory, Mt. Hamilton, CA. Photographs of the 
installation and the beam exiting the dome in are shown in Figures 1 and 2, respectively. 
The laser operates with a PRF of 11 kHz, pulse duration of 100 nsec (EWHM). With a 
beam projector telescope of 30 cm, the laser produced a 1.8 msec spot diameter when the 
seeing was 1.2 arcsec. The increased spot diameter is expected due to the spreading of the 
laser beam on the uplink path and is commensurate with a near diffraction beam quality. 
The return signal was =0.2 photons/cm2/ms which also agreed with model predictions. A 
significant correction in the dynamic atmospheric aberrations was observed but these 
results are preliminary and work is continuing in this area, 

A similar laser system is being designed for the 10 m Keck telescope. In this installation, 
the low turbulence requires a guide star spot of subarcsecond extent and the projection 
telescope has been increased to 50 cm accordingly. The laser system PEW has been 
increased to 30 kHz to keep the peak power at the sodium layer below the saturation value. 
This higher PRF is achieved by operating two sets of YAG Iasers at 15 kHz and 
multiplexing the time sets in the dye. For simplicity, one YAG is operated at the full 



system PRF (at lower power) and is used to pump the oscillator and preamplifier. Other 
system parameters such as the average power and pulse durition are the same. A schematic 
diagram of the Keck laser system is shown in Figure 3. Several new control features will 
be tested at the Lick laser and added to the Keck system. These include a drift 
compensation circuit to maintain accurate YAG timing, an etalon control circuit to mainrain 
the single mode output of the dye oscillator and a wavelength locking scheme based upon a 
spectroscopic sodium cell. These circuits together with the low bandwidth pointing and 
centering beam control and high bandwidth uplink jitter control will reduce manpower 
requirements during observational runs. 

For observations in the visible wavelength regime, models predict that more powerful 
multiple guide stars will be needed with lasers in the hundred watt regime. In order to 
upgrade the present 20 W laser system by an order of magnitude, another stage of dye laser 
amplification must be added. This second power amplifier is identical to the first with just 
the gap spacing increased; this amplifiefconfiguration is capable of several hundred watts 
based upon thermal considerations. To pump the second dye amplifier, approximately 20 
more YAG lasers are needed based upon previous estimates of the conversion efficiency. 
When added to the 5 YAG lasers needed for the Keck "front end" the total number of 
electronics racks is 6 which requires a floor area of 3' x 12'. Electrical power for the 25 
YAG Iasers is 200 k W  for the flashlamp units and Iess for the diode pumped version but at 
present, substantially higher cost. The laser configuration is shown in Figure 4. 

Figure 3. Keck laser installation Figure 4. 200 W laser system concept 
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