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2) medical laser systems based on the ability to control 
tissue penetration depth via wavelength tunability; 

3) testing of low-loss fluoride-fibers at 2550 nm may 
be achieved by optimization of the cavity mirrors to ex
tend the laser tuning range. 
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S tanford researchers have demonstrated a new pump
ing geometry that promises to be a significant step in 

the development of practical photoionization-pumped 
short-wavelength lasers. Using this method, they have ob
served single-pass, fully saturated gain near 100 nm in 
both Xe and Cs . 1 , 2 

Work in recent years has shown that laser-produced 
plasmas are a useful source of incoherent soft x-rays for 
pumping potential extreme ultraviolet (XUV) laser sys
tems. Most of these experiments have used a simple line 
focus that results in simultaneous excitation along a path 
length of several cm. Studies of the Xe auger system, how
ever, show that competing processes limit the practical 
gains to about 4 c m - 1 ; higher excitation levels do not pro
duce higher gain coefficients. Theoretically, it seems likely 
that similar limits will occur in other atomic systems, so 
that large total gains, and thus true laser action, can only 
be achieved using long excitation lengths. 

The upper-level lifetime of many XUV transitions, how
ever, is short compared to the time required for light to 
travel over a long excitation region, reducing the effective
ness of the pumping. The Stanford workers solved this 
problem by using a traveling-wave laser-produced plasma 

Traveling-wave laser-produced-plasma soft x-ray source. 

excitation. The primary 1064 nm laser is incident upon a 
cylindrical lens at about 70° from normal and is focused 
onto a metal target that is parallel to the lens (see figure). 
The large angle of incidence expands the length of the line 
focus by nearly a factor of 3, to 9 cm and 17 cm in the Xe 
and Cs experiments, respectively. More importantly, the 
pump laser sweeps across the target at nearly the speed of 
light, and the emitted soft x-rays thus provide synchro
nous traveling-wave excitation of the ambient gaseous me
dium. 

Grooves were cut into the target surface to decrease the 
local angle of incidence of the pump beam, reducing re
flection. In addition, the grooves divide the input beam to 
form many small, separated plasmas rather than one con
tinuous line. The sum of the projected length of these plas
ma spots is approximately equal to the input beam diame
ter, meaning that no increase of laser energy is required to 
excite the much longer length. 

The new geometry was initially used to excite the Xe III 
109 nm Auger transition.1 A 3.5 J, 300 psec, 1064 nm 
pump beam, 3.3 cm in diameter, was focused to an inten
sity of 2 X 10 1 1W/cm 2 over a 9 cm length of target in an 
ambient Xe pressure of 4 Torr. Small-signal gain was de
termined by measuring the time-integrated emission as a 
function of excitation length. A simple exponential fit to 
the data yields an average gain coefficient of 4.4 c m - 1 . 
Thus, unsaturated amplification along the full 9 cm of 
length provides a total gain of exp (40), or 170 dB. In 
comparison, the first observation of gain in the Xe system 
was made at LLNL 3 using a 9 cm normal-incidence line-
focus geometry; there, a 55 J, 1 ns pump laser produced a 
total gain of exp (7.2). 

In recent work, a related grating corrected and exactly 
synchronous geometry was used to pump a 96.6 nm laser 
in Cs. The upper level of this laser is embedded in the 
continuum of the valence electron and autoionizes in 
about 60 psec. The traveling-wave geometry allows a 
pumping rate that is sufficiently rapid that the stimulated 
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rate exceeds the autoionizing rate. Here, an extrapolated 
small signal gain of exp (83) (4.9 cm-1 over 17 cm) is ob
served. 
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Bird-Wing phase conjugators 

A new mutually pumped phase conjugator (MPPC) 
was discovered at the Rockwell International Science 

Center. This conjugator is called Bird-Wing Phase Conju
gator (BWPC) because the beam path inside the crystals 
bears resemblance to a pair of bird wings. 1 

When two mutually incoherent laser beams are incident 
upon opposite a faces of a BaTiO 3 crystal, a pair of phase-
conjugate beams is generated. The spatial wavefronts of 
the beams are conjugated and the temporal information is 
exchanged. The phase conjugation requires the simulta
neous presence of both beams. It was discovered that the 
rise time of mutually pumped phase conjugation using the 
Bird-Wing configuration is significantly shorter than that 
of other self-pumped phase conjugators. Similar conjuga
tors with Frog-Leg configuration were also observed in 
SBN crystals. Such new phase conjugators are far better 
suited for optical communication applications than are 
conventional conjugators. Three models can explain the 
phenomenon of mutually pumped phase conjugation in 
photorefractive crystals: self-oscillation,2 resonator mod
el, 3 and hologram sharing. 1 , 4 

Phase-conjugate Sagnac interferometers 

A new type of phase-conjugate interferometer was con
ceived5 and demonstrated,6 using the Bird-Wing phase 
conjugator described above. In the new interferometer, 
one of the mirrors of a conventional Sagnac ring interfer
ometer is replaced with a BWPC. Such an interferometer 
has the dual nature of Michelson and Sagnac interferometry. 

As far as wavefront information is concerned, the 
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BWPC acts like a retro-reflector and the setup exhibits 
phase-conjugate Michelson interferometry and optical 
time reversal. 7 As for the temporal information, the 
BWPC acts like a normal mirror and Sagnac interferome
try is obtained. This new phase-conjugate interferometer 
can be used to perform parallel image subtraction over a 
large aperture. When optical fiber loops are inserted in the 
optical path, fiber-optic gyros can be constructed for rota
tion sensing.8 
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Over the past few years there has been a growing 
awareness of the potential benefits that could be 

gained from forming organic electro-optic units into poly
mers. The hope has been that, when compared to organic 
and inorganic crystals, new degrees of fabrication freedom 
and tractability could be attained in the polymeric form, 
while retaining the high electro-optic activity, fast re
sponse speed, and high optical damage resistance of the 
organic moieties. 
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