
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 
lasers 
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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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lengths readily available from semiconductor diode lasers. 
The dominant pumping mechanism is sequential two-step 
excitation; the first at 792.1 nm populates a long-lived 
intermediate state and the second at 840 nm takes popula
tion from this level and excites the upper 4S 3/2 laser level. 
With 200 mW of pump light, 1 mW of cw output at 549.6 
nm was obtained using very conservative 1% output cou
pling. The laser transition terminates 218 c m - 1 above the 
groundstate, limiting laser action to T ≤ 77K. For Y L i F 4 : 
E r 3 + (1%), upconversion laser operation was obtained 
with a single cw pump source at 802 nm. Here resonant 
cooperative energy transfer efficiently populates 4 S 3 / 2 from 
two excited E r 3 + ions in the intermediate 4I11/2 level. The 
laser output consists of narrow pulses of about 80 ns dura
tion and repetition frequency of ~200 kHz. The lasing 
threshold was 80 mW and with only 0.5% output cou
pling, the output power was 5 mW for an input of 200 
mW of near-ir pump. In these upconversion lasers the en
ergy of the output photons is almost 80% of the sum of 
the two pump photons. A number of other materials are 
under investigation to further optimize the performance of 
these novel lasers, with the possibility of operation at high
er temperatures and perhaps even shorter wavelengths. 
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Nondiffracting beams 
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Recently workers at the University of Rochester have 
undertaken both theoretical and experimental inves

tigations of the properties of nondiffracting beams. 1 , 2 In 
their ideal form, these beams represent a class of fields 
having transverse intensity distributions that are unaltered 
as they propagate in free space. Although not achievable 
in their ideal form (the field distribution would need to be 
perfectly mapped over an infinite plane), many interesting 
results have been obtained with these beams under the re
striction of finite aperture. Investigation of the power 
transport efficiency and depth of field obtainable with 

these beams has revealed some interesting trade-offs in 
their utilization. 

When the time dependence is factored from the electro
magnetic wave equation, the spatial distribution of a field 
is determined by the Helmholtz equation. The simplest 
nondiffracting field solution of the Helmholz equation is 
the zero order Bessel function of the first kind. This mode 
can have a sharply-defined central maximum with a full-
width at half-maximum (FWHM) as small as a wave
length, independent of propagation distance. Although 
these exact solutions are only scalar modes of the Helm
holtz equation, exact nondiffracting vector modes also ex
ist and are closely approximated by the scalar solutions 
for spot sizes greater than a few wavelengths. 

Experiments with finite aperture approximations to the 
ideal Bessel modes have demonstrated that they can pos
sess remarkable (although finite) depth of field. Beams 
with spot sizes of 60 µm have been propagated for ap
proximately 1 meter in the laboratory without any mea
surable spreading of the F W H M , a feat that is impossible 
with a Gaussian field distribution. Although Bessel beams 
have a tremendous advantage over Gaussian beams in 
maintaining their transverse intensity profile, the power 
transport efficiency of a Bessel beam is approximately the 
same as that of a Gaussian beam. This seemingly contra
dictory result is a consequence of the fact that the Bessel 
beam, while possessing a very sharply peaked central max
imum and non-spreading F W H M , has a large fraction of 
its energy contained in the tail of its intensity distribution 
(which decays inversely with radical coordinate). 
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Ultrafast all-optical glass fiber 
switches 
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T he promise of achieving ultrarapid all-optical signal 
processing is attracting considerable interest. Many 

of the necessary components have been available for some 
time, including lasers that produce subpicosecond pulses, 
optical fiber waveguides that support tremendous band-
widths, and optical materials that have nonlinearities with 
femtosecond response. A missing component, until recent
ly, has been an all-optical switch that could operate at ul-
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