
sient asymmetry with a strong red wing was observed.4 

For T 1C1, with 248-nm excitation, the 351.9-nm absorp
tion develops a pronounced transient blue wing. 

Qualitatively, the apparent negative absorbance in Fig. 
1(a) can be understood as the result of phase modulation 
of the probe continuum by the time-varying dispersion as
sociated with a growing population of two-level atoms 
whose resonance frequencies shift in time. The shifts result 
from the fact that at early times in the dissociation, when 
the two atoms are close to one another, the atomic transi
tion frequencies are perturbed by the bending of the po
tential energy curves that ultimately correlate with the 
atomic energy levels. The resulting phase modulation of 
the probe continuum simply redistributes the spectral en
ergy of the latter, producing the regions of apparent nega
tive absorption. 

More quantitatively, one assumes that there are two 
contributions to the total output field emerging from the 
resonant vapor—the UV continuum probe pulse itself (as
sumed to occur at t = 0), and the field radiated by the 
polarization that the former induces in the vapor. The po
larization is calculated from solutions to Schrödinger's 
equation for a two-level atom interacting with a continu
um pulse. It is assumed that the photolytically produced 
atoms are formed in the ground state, with a time distribu
tion that can be approximated by the pump pulse. Allow
ance is made for the existence of a continuous red (or blue) 
shift of the atomic transition frequency. The resultant ex
pression for the time dependence of the induced polariza
tion contains as a factor the phase integral exp 
contains as a factor the phase integral 

where the δEi's denote the deviations of the upper and 
lower levels from their asymptotic values. This factor is 
the primary source of the asymmetry in the transient 
atomic absorption spectrum. 

An example of a sequence of calculated spectra based 
upon this model is shown in Fig. 1(b). It is seen that a 
qualitative agreement exists between theory and experi
ment, with the particular feature of a transient spectral 
region of negative absorbance clearly displayed in the cal
culated spectra. Thus, the transient spectra we have ob
tained can be said to contain information regarding the 
"transition states" that occur between the time a molecule 
has absorbed a UV photon and the time its constituent 
atoms have fully separated. Specifically, information can 
be obtained about the frequency shifts that the atoms un
dergo during dissociation. 
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LASER DEPLETION SPECTROSCOPY 
S.E. HARRIS 

STANFORD UNIVERSITY 
STANFORD, CALIF. 

W orkers at Stanford have developed a new technique 
that allows the measurement of level positions, 

linewidths, autoionizing times, and transition oscillator 
strengths of core-excited levels, all to unprecedented accu
racy.1 , 2 Autoionizing lifetimes can be measured in the 
range of 1 0 - 9 to 10-14 sec, including lifetimes whose Lorentz 

width are far narrower than the Doppler or hyper-
fine width of the transition. 

To perform depletion spectroscopy, a radiating core-ex
cited level is used as a reference level from which to access 
the autoionizing manifold, as illustrated in the figure. The 

Energy level diagram of Rb, showing the depletions 
spectroscopy technique. 
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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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MORE ABOUT RESONANCE 
FLUORESCENCE 

H.J. CARMICHAEL 
DEPARTMENT OF PHYSICS 
UNIVERSITY OF ARKANSAS 

FAYETTEVILLE, ARK. 

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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