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radiating level is impulsively excited, and a detector moni
tors the resulting fluorescence from this level. A tunable 
dye laser is passed through the excited vapor to transfer 
the fluorescing atoms to other core-excited levels nearby. 
As the laser is scanned in frequency, a level is encountered, 
and the excited population is transferred to it, resulting in 
a depletion in the amount of fluorescence observed from 
the reference level. The location of the depletion signal, as 
a function of dye laser frequency, determines the energy of 
the accessed level, relative to the reference level. The shape 
of the depleted signal, as a function of laser intensity, can 
be analyzed to determine the oscillator strength and Lorentz 

width of the transition. 
Using this new technique, 15 transitions in core-excited 

Rb were studied. It was found, somewhat surprisingly, 
that in many cases autoionizing times exceed 10 psec, and 
in several cases autoionizing times exceeded 100 psec. It is 
expected that transitions of this type will be useful for the 
construction of lasers in the 100 A to 1000 A spectral 
region (see the related item "Traveling-Wave Geometry for 
Short Wavelength Lasers," page 16). 
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The resonant interaction between a two-state atomic 
transition and coherent light is the simplest and most 

widely studied example of the quantized interaction be
tween light and matter. Surprisingly, this problem is still 
not exhausted as a source of new insights into the quan
tum statistics of optical fields and their interaction with 
atoms. Two areas of current research continue to add to 
our understanding of this problem—the study of nonclassical 

light, particularly squeezed light, and the study of intracavity 
atom-field interactions. 

Classically, a freely propagating electromagnetic field 
mode oscillates harmonically with a constant complex 
field amplitude. Quantum mechanically, real and imagi

nary parts of the field amplitude—the quadrature phase 
amplitudes—are described by noncommuting operators, 
and exhibit quantum fluctuations satisfying a Heisenberg 
uncertainty relation. Coherent light carries fluctuations of 
equal strength on the two quadrature phase amplitudes. 
Squeezed light carries reduced fluctuations on one quadra
ture phase amplitude and increased fluctuations on the 
other. 

It is known that the fluorescence from an atom excited 
by coherent light is moderately squeezed.1 Work at the 
University of Arkansas 2 has shown how this squeezing ex
plains an interesting feature in the spectrum of resonance 
fluorescence that has remained unexplained since it was 
first noted by Mol low nearly 10 years ago.3 At weak exci
tation, the incoherent part of the resonance fluorescence 
spectrum is not Lorentzian; the incoherent lineshape is 
given by a Lorentzian squared. The width of a Lorentzian 
line is reduced by approximately 40% if the Lorentzian is 
squared. Thus, at weak excitation, the incoherent spec
trum of resonance fluorescence has a subnatural 
linewidth. 

Mol low noted that the square results form the subtrac
tion of two Lorentzian components. As reported in Ref. 2, 
these components are contributed by scattering from the 
two quadrature phase amplitudes of the induced atomic 
dipole. Spectra contributed by the quadrature phase am
plitudes of a classical dipole must add. However, the fluo
rescent light scattered by a quantum transition is nonclassical 

—it is squeezed. The spectral contribution from quan
tum fluctuations carried by the squeezed quadrature phase 
amplitude adds to the contribution from fluctuations car
ried by the unsqueezed quadrature phase amplitude with 
negative weight, the minus sign appearing because of the 
squeezing. The result is a Lorentzian squared, a lineshape 
that is narrower than that for either of the separate com
ponents. 

Linewidth narrowing is not the only effect squeezing 
can have on spectral lineshapes. A subtraction of spectral 
components occurs for a wide class of quantum optical 
interactions that produce squeezed light. In some cases, 
this subtraction leaves a hole in the optical spectrum, pro
ducing a double-peaked spectrum when no line splitting 
would be predicted from the dynamical eigenvalues. Ex
amples of both squeezing-induced linewidth narrowing 
and squeezing-induced spectral holes are seen in intracavity 

resonance fluorescence, where the atomic excitation 
takes place inside a driven optical cavity rather than in free 
space.2 

Intracavity resonance fluorescence holds a more general 
interest. A number of studies have shown how familiar 
features of the free-space atom-field interaction change 
when an atom interacts with the electromagnetic field in-
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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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