
substantially improves the laser coupling efficiency) avail
able on Nova. 

Rapid progress has also been made in the areas of x-ray 
laser research. The high peak power of lasers developed 
for fusion applications have proven ideal sources for mak
ing plasmas suitable as soft x-ray amplifiers. Using two 
arms of Nova, we have observed substantial gain at nu
merous wavelengths from 260 Å to 50 Å. The short laser 
wavelengths result from energetic transitions in highly ion
ized ions in the laser produced plasmas. The gain-length 
products achieved to date (which determine the observed 
amplification) as a function of photon wavelength are 
shown in Fig. 2. The high gain-length products obtained at 
206 Å and 209 Å from neon-like selenium (10 bound elec
trons in the ion) result in near saturated output powers at 
levels exceeding 10 6 watts. Using such lasers, we have pro
duced Gabor holograms of fibers and demonstrated x-ray 
optics suitable for x-ray laser cavities. The achievement of 
gain at such short wavelengths and the development of the 
appropriate x-ray optics make fully coherent x-ray lasers 
operating at power levels approaching 10 9 watts and 
wavelengths shorter than 44 Å a real possibility in the near 
future. Such technology would have dramatic impacts in 
the physical and biological sciences. 

Progress toward a gamma-ray laser 
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A major milestone in the quest for a gamma-ray laser 
was reported 1 at the Apr i l 1987 meeting of the 

American Physical Society. Described there was nuclear 
fluorescence that had been clearly observed to result from 
the pumping of several targets with flashes of x-rays. 

Levels of nuclear excitation that might be efficiently 
stimulated in a gamma-ray laser are very difficult to pump 
directly. To have sharply-peaked cross sections for stimu
lated emission, such levels must have very narrow widths 
for interaction with the radiation field. This is a funda
mental attribute that has led to the facile criticism that 
"absorption widths in nuclei are too narrow to permit 
effective pumping with x-rays." 

Precisely the same comments were voiced in atomic 
physics before Maiman's great discovery, and it is useful 
to pursue this analogy between ruby and gamma-ray la
sers. Identification and exploitation of a bandwidth funnel 

FIGURE 2. Observed gain-length product versus transi
tion wavelength obtained with laser produced plasmas. 

0.35 µm, 20 T W Nova facility in 1987 achieved conver
gences greater than 30 with fuel ion temperatures of 1.5 to 
2 keV resulting in fuel pressures of ~ 1.2 x 10 1 0 atmos
pheres. As shown in Fig. 1, the experimental fusion yield 
(which measures integral target performance) is well 
matched by one-dimensional hydrodynamic simulations, 
over a wide range of fuel convergences. The targets em
ployed for these high performance implosions' consisted of 
capsules contained in laser irradiated hohlraum targets. In 
such targets, the laser energy is efficiently converted into x-
rays which irradiate and implode the fuel containing cap
sule. 

These experiments were conducted with target geome
tries (capsule size relative to hohlraum) that are scaled to 
future high gain targets. The excellent agreement between 
experiments and theory provide real confidence that high 
gain inertial fusion can be achieved in the laboratory with 
driver energies and powers of 5 to 10 Megajoules and 500 
TW. 

In addition to the high convergence experiments, a lim
ited number of high temperature, low density implosions 
have also been conducted at Nova. These targets, because 
of the low final fuel densities, are not scalable to high gain. 
However, with only 2 x 10 1 3 watts (20 TW) of 0.35 µm 
power, fuel ion temperatures of 10 keV (~ 1.1 x 10 8 °K) 
and fusion yields of 1.8 x 10 1 3 neutrons were obtained. 
These yields imply a fusion efficiency of 0.22% (fusion 
energy/incident laser energy) and represent nearly a factor 
of 10 3 improvement in performance from that obtained 
with the 20 T W 1.06 µm Shiva laser. 

This improvement in performance for both these types 
of targets is due to the high energy (20KJ), more uniform 
illumination geometry, and shorter wavelength (which 
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Nuclear fluorescence spectrum of77m Se (T1/2 = 17.4 
sec) excited with the bremsstrahlung pulse. Ten shots on 
18.4 g of elemental Se were stacked to obtain this data. 
Count time was 60 sec. The machine was operated with 
a high energy limit of 1 Mev and a nominal intensity of 
1013 keV/keV. 

in ruby were the critical keys in the development of the 
first laser. There was a broad absorption band linked 
through efficient "kinetics" to the narrow laser level. At 
the core of one of our proposals2 for pumping a gamma-
ray laser is the use of the analog of this effect at the nuclear 
level. 

In the experimental series reported in Apri l , samples of 
7 9 Br and 7 7 Se, both in natural isotopic abundance, were 
excited with 20 nsec pulses of bremsstrahlung radiation 
produced by an in-house electron beam machine. The 
spectral energy density developed at the tungsten convert
er was on the order of 10 1 3 keV/keV per pulse. The sam
ples were positioned in a pneumatic shuttle tube directly 
behind the target foil and were automatically transferred 
to a counting chamber after each shot. A Nal(T1), well-
type spectrometer system was used to obtain the spectra. 

There is a threefold significance to this direct demon
stration of nuclear fluorescence excited by flash x-rays. 
1) Bandwidth funneling works as predicted. To obtain 

signals in so few shots is a result that is 11 orders of 
magnitude in excess of what could be obtained by di
rectly exciting the fluorescent levels in these two mate
rials. 

2) There was no significant screening of the nucleus from 
the pump radiation by the surrounding clouds of elec
trons, a result laying to rest spurious concerns devel
oped from more primitive models. 

3) Even finer points of our computer codes which predict
ed relative yields of about 10:1 for 7 9 B r and 7 7 Se are 
confirmed by this data. This same code has predicted 

that a gamma-ray laser is definitely feasible if an ap
propriate isotope exists in reality. This remains the sin
gle most critical issue to the development of a gamma-
ray laser—the identity of the most nearly ideal candi
date material. 
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Green infrared-pumped upconversion 
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T he advent of powerful near infrared GaAlAs diode 
lasers has stimulated interest in the development of 

visible laser sources that are pumped by semiconductor 
diode lasers. One approach uses intra-cavity second har
monic generation in N d 3 + lasers pumped by high-power 
GaAlAs diode lasers.1 We have recently demonstrated an
other approach,2 that of laser-pumped upconversion la
sers where nonlinear pumping excites green laser emission 
using two-step absorption or cooperative energy transfer. 
Laser operation was obtained at wavelength around 
550 nm in Y A l O 3 : E r 3 + and Y L i F 4 : E r 3 + at temperatures 
up to 77K and 90K, respectively. In these erbium systems 
the lasing transition is from 4 S 3 / 2 to one of the components 
of the 4 I 1 5 / 2 ground manifold. 

Generation of incoherent visible light using upconver
sion processes in rare earth materials has been investigated 
extensively in the past.3 The observation of stimulated 
emission by upconversion at 77K was reported in 1971 by 
Johnson and Guggenheim4 in B a Y 2 F 8 doubly doped with 
Y b 3 + / E r 3 + and Y b 3 + / H o 3 + , using filtered flashlamp 
pumping. Recently, Pollack et al.5 have reported a 2.7µm 
infrared laser in C a F 2 : E r 3 + where cooperative energy 
transfer results in upconversion excitation of the 4I 1 1 / 2 

state. In this case, however, laser emission occurs at a 
wavelength longer than that of the pump. 

For the Y A l O 3 : E r 3 + laser, we used longitudinal pump
ing with two near-ir cw dye lasers, operating at wave-
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