
Bimodal Q distributions for the intracavity field in sin
gle-atom intracavity resonance fluorescence. The 
strength of the quantum fluctuations is inversely propor
tional to the size of the system, measured by the number 
of cavity photons needed to saturate the atomic transi
tion. Figures (a) and (b) are plotted for saturation pho
ton numbers of one and five, respectively. 

side a cavity. Much attention has been paid to enhanced 
and inhibited spontaneous emission rates. Actually, cavity 
effects are much more diverse, even for the simplest con
figuration of a single atom transition. With cavity and 
atomic loss included, the quantum dynamics of this cou
pled system depend on the relative sizes of three parame
ters: the atomic decay rate, the cavity decay rate, and the 
coupling strength between the cavity mode and the atomic 
transition. Work at the University of Arkansas seeks to 
reach a global understanding of these dynamics. 2 , 4 - 6 

Free-space behavior is recovered if the atom-field cou
pling strength is much smaller than the atomic and cavity 
decay rates. When it is not, the quantum statistics can dif
fer markedly from free-space resonance fluorescence. A 
notable example of the possible behavior is the existence, 
verified by Craig Savage at the Optical Sciences Center,5 

of bimodal states of the intracavity field. This is a single-
atom version of absorptive optical bistability. Intracavity 
resonance fluorescence, therefore, provides a quantized 
version of a dissipative nonlinear dynamical system. It can 
be used to study the relationship between linear micro
scopic quantum mechanics and macroscopic nonlinearity, 
including the important questions that surround the sub
ject of quantum chaos. 
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Chromium-doped forsterite (Cr:Mg2Si04) is a new 
member 1 - 4 of the expanding family of tunable solid-

state lasers. 5 - 7 Forsterite is a member of the olivine family 
of crystals and like alexandrite, and emerald is a naturally 
occurring gem. Laser action in Cr: forsterite has been ob
tained for excitation by both the fundamental (1064 nm) 
and the second harmonic (532 nm) radiation from a Q-
switched N d : Y A G laser. The laser emission peaks at 1235 
nm, and to date has been tuned over the 1167-1270 nm 
wavelength range. In this review, a description of the spec
troscopic and laser properties of forsterite laser crystal is 
presented. 
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Output energy of Cr:Mg2SiO4 laser as a function of in
put energy for (a) 1064 nm pumping, and (b) 532 nm 
pumping. 

The room-temperature absorption spectrum of the crys
tal is characterized by three bands.1 For excitation with 
light polarized along the b-axis of the crystal, these bands 
span the 360-520 nm, 600-800 nm, and 850-1200 nm 
range. The 600 to 800 nm band changes dramatically with 
the polarization of the incident light, while the other two 
bands exhibit little significant change. The room-tempera
ture fluorescence spectrum extends from 600-1400 nm. 

At liquid nitrogen temperature, the fluorescence spec
trum breaks up into three components and exhibits sharp 
line structures. The behavior of the fluorescence spectrum 
gives an indication that more than one center may be in
volved in the absorption and emission of radiation in this 
crystal. This is further substantiated by the wavelength-
dependent fluorescence life-time of the crystal. The room-
temperature fluorescence lifetime for emission around 701 
nm is 75 µsec while for emission in the lasing region it is 
15 µsec. 

Since the absorption spectrum of the crystal overlaps 
with a significant portion of the emission spectrum, laser 
action was obtained only in the infrared end, where the 
absorption losses are minimum. The sample was placed at 
the center of a stable resonator formed by two 30 cm radi
us mirrrors. The mirrors were dielectric coated to transmit 
the 532 nm and 1060 nm pump beams, and to have high 
reflectivity in the 1150-1250 nm spectral range. Details of 
the cavity configuration have been presented elsewhere.1,3 

The sample was longitudinally pumped both by the 
1064 nm fundamental, and the 532 nm second-harmonic 
radiation from a Q-switched Nd:YAG laser. Pulsed laser 
action was readily obtained for both the 1064 nm and the 
532 nm pumping at or above the respective thresholds. 
The laser thresholds and slope efficiencies for the two exci

tation wave-lengths, 1064 nm and 532 nm, are shown in 
the figure. The table summarizes and compares the char
acteristics of laser emission for the two excitation wave
lengths. 

To date, continuous tuning of the Cr:forsterite laser has 
been obtained over the 1167-1270 nm spectral range. A 
single-plate birefringent filter is used as a dispersive ele
ment in the laser cavity. Continuous wave laser operation 
was achieved using a chopped cw Nd:YAG radiation. 

The forsterite crystals were provided by K. Yamagishi of 
Mitsui Mining and Smelting Co. of Japan. The research is 
supported by Army Research Office, National Aeronau
tics and Space Administration, Hamamatsu Photonics 
KK, and City College of New York Organized Research. 
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The Co:MgF2 laser is a continuously tunable source 
for the mid-IR covering, to date, the wavelength re

gion from 1500 to 2300 nm at cryogenic temperature and 
1750 to 2500 nm at room temperature. Laser operation 
was first demonstrated by Johnson et al. 1 using flashlamp 
excitation. Later work by Moulton resulted in the devel
opment of both cw 2 and pulsed Q-switched3 operation 
using laser excitation. However, until recently, liquid-ni
trogen2,3 or thermoelectric4 cooling were required for effi
cient operation. This year, we reported the first room-tem
perature, pulsed, normal-mode operation of the Co:MgF2 
using laser excitation.5 At a 10-Hz pulse-repetition-rate 
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