
tion of the electron on one side of the orbit or the other 
can be determined by probing the atom with a laser 
pulse that will interact strongly with the electron only if 
it is on the side of the orbit near the nucleus. 

In this experiment, the atom was excited by two 
phase coherent laser pulses separated in time by one 
half of the Kepler orbit period. The first pulse excited a 
few percent of the electron population from the ground 
state up into a spatially localized wave packet moving 
on the Kepler elliptical orbit. When this wave packet 
moved to the opposite side of the orbit, the second 
pulse excited another wave packet of the same electron 
to the orbit. Because the two laser pulses were phase 
coherent, the electron was placed in a coherent super
position of the two localized states, the analog of 
Schrödinger's superposition of live cat and dead cat 
states. 

One signature of such a coherent superposition 
state is that if one measures the population in each of 
the energy levels of the atom, one finds that the popu
lation is limited to only the states with even quantum 
number or only the states of odd quantum number 
depending on the phase relation between the two wave 
packets. In this experiment, the population was mea
sured by placing the cat-state-excited atom inside a 
pair of capacitor plates across which the voltage was 
gradually ramped up until the atom ionized. By mea
suring this voltage it was possible to determine which 
energy state the atom was in. The resulting population 
distribution obtained by repeating the experiment 
many times with different atoms all excited in exactly 
the same way is shown in Figure 1. Only the even states 
were populated. 

With the atom prepared in such a state, one can 
study the way in which the coherent Schrödinger cat 
state is turned into a classical incoherent statistical mix
ture as the atom interacts with thermal fields or other 
perturbations and thus explore a little further the rela
tionship between the classical and quantum domains. 
This, along with a similar experiment in which a single 
atomic ion in a trap was also placed in an analog of a 
Schrödinger cat state,3provides new systems in which 
some of the conundrums posed by Schrödinger can be 
directly addressed in the laboratory. 
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Excess Quantum Noise Fluctuations in 
Unstable-resonator Lasers 
Yuh-Jen Cheng, Paul Mussche, Geoff Fanning, and 
A. E. Siegman, Stanford University, Palo Alto, Calif. 

E xperiments completed during the past year confirm 
the existence of a sizable excess quantum noise fac

tor in lasers using unstable optical resonators or, more 
generally, resonators with nonorthogonal oscillation 
modes. 

Schawlow and Townes predicted in 1958, before 
the first laser was built, that even an ideal laser should 
exhibit a finite linewidth resulting from spontaneous 
emission by the laser atoms.1 Lamb and others, using 
standard techniques of cavity mode expansion and 
second quantization, then showed that the sponta
neous emission in any laser should have a magnitude 
equal to the downward stimulated emission due to 
one additional quantum of signal energy acting on 
the inverted laser medium. 2 This "one extra noise 
pho ton " approach to quantum noise has since 
become conventional wisdom in the field. Petermann 
noted in 1979, however, that spontaneous emission 
into the oscillating mode of a gain-guided semicon
ductor laser could be significantly larger than one 
photon per mode, leading to potentially measurable 
consequences for such lasers. 3 In 1985, Haus and 
Kawakami showed that there would be partial coher
ence between the excess noise emission into different 
cavity modes, thus avoiding apparent confl icts 
between this excess emission and basic concepts of 
thermal equilibrium. 4 One of us then showed in 1989 
that this excess quantum noise was actually associated 
with the nonhermitian or biorthogonal character of 
the modes in certain laser structures rather than with 
gain guiding per se, so that large excess quantum 
noise effects should be observed in unstable resonator 
lasers in particular.5 

Figure 1. Measured linewidth of a miniature diode-pumped 
unstable-resonator Nd:vanadate laser versus output power, com
pared to conventional Schawlow-Townes formula. Inset: Lorentz¬
ian laser spectrum at P = 6.9 mW. 
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Because o f the discrepancy between these predic
tions and the conventional single noise photon view
point, it seemed important to verify these predictions 
experimentally, and l imited results in apparent agree
ment with the theory have been observed by others in 
recent years. 6 Over the past two years our group has 
made careful measurements first of the quantum phase 
sidebands in two miniature d iode-pumped N d : Y A G 
lasers with identical laser rods. However, one laser had 
a conventional stable resonator and the other a gain-
confined unstable resonator. 7 These experiments con
f i rmed that the noise sidebands for the stable cavity 
agreed very closely wi th the conventional Schawlow-
Townes formula, whi le the unstable resonator laser, 
after correction for differences in laser parameters, dis
played an excess noise factor approximately 180 times 
larger, i n reasonable agreement w i th theory. These 
experiments used a gain-confined unstable resonator 
and a somewhat indirect measurement method. In our 
recent work we have performed experiments in which 
we directly observe the ful l quantum-noise-broadened 
l inewidth of a miniature diode-pumped Nd:vanadate 
laser conta in ing a classic hard-edged unstable res
onator. These measurements 8 conf i rm that the noise 
l inewidth for this laser is approximately 330 times larg
er than the standard Schawlow-Townes fo rmula , in 
good agreement wi th theory, and that the measured 
spectrum for the laser is essentially indistinguishable 
f rom the expected Lorentz ian l ineshape. Add i t i ona l 
measurements conf i rming and extending these excess 
noise results on miniature unstable-resonator He-Xe 
lasers have also recently been announced in private 
communicat ion to us f rom H . Woerdman's group at 
Leiden University. 
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NONLINEAR 
OPTICS 

Self-Trapping of Partially Spatially Incoherent Light 
Beams 
Matthew Mitchell, Zhigang Chen, Ming-feng Shih, and 
Mordechai Segev, Princeton University, Princeton, N.J. 

S elf-trapping of optical beams has been extensively 
studied during the last three decades. It occurs when 

the beam changes the optical properties of the medium 
it propagates in , giving rise to a strong optical nonl in-
earity. Self-trapping of optical beams has been observed 
in Kerr media, saturable nonlinear media, cascaded 
med ia , and photorefract ives. However, al l prev ious 
experimental observations and theoretical studies inves
tigated self-trapping of spatially coherent light beams 
only. To the best of our knowledge, no previous attempt 
has been made to self-trap, either in time or space, an 
incoherent pulse. Here, we report the first observation 
of self-trapping of a "partially" spatially incoherent opti
cal beam in a nonlinear medium. 1 Self-trapping occurs 
i n bo th transverse d imens ions , when d i f f ract ion is 
exactly balanced by photorefractive self-focusing. We 
have used the photorefractive nonl ineari ty associated 
with photorefractive solitons 2 as the self trapping mech
anism and generated a stable, two-dimensional, 30-µm 
wide, spatially incoherent self-trapped beam. 

It is important to appreciate differences between spa
tially coherent and incoherent beams. Any two points 
on a coherent beam w i l l have temporal ly correlated 
phase variations. Two points on an incoherent beam' wi l l 
be temporally correlated for only short distances apart 
from each other. When an incoherent beam diffracts, it 
acts as many small coherent areas, each resulting in a 
wide diffraction angle, as opposed to one large coherent 
beam that would give a much smaller diffraction angle. 
If a beam has a coherence area defined by a delta func
t ion it is called a spatially incoherent beam. If the beam 
has a finite coherence area, as with all beams in nature, 
then it is cal led a "par t ia l ly" incoherent beam (e.g., 
incandescent light bulbs, LEDs, and sunlight). 

We generate a partially spatially incoherent beam by 
convert ing a laser source into a quasithermal quasi-
monochromat ic lamp using a diffuser rotating much 
faster than the response time of the nonlinear medium. 3 

The rotating diffuser randomizes the phase of points 
across the beam such that the correlation between any 
two such points is non-zero only within a small region. 

The self-focusing mechanism for incoherent light in 
photorefractive media is similar to the effects support
ing photorefractive screening solitons that exhibited 
self-trapping in both transverse dimensions. 2 The opti
cal beam creates an electr ic space-charge f ie ld that 
induces an effective graded-index waveguide which, in a 
self-consistent manner, is able to guide the beam itself. 
This process is driven by the t ime averaged intensity 
variations. Phase differences across the beam are un im
portant. Due to the non-instantaneous response of the 
photorefractive nonlinearity, the crystal "sees" a smooth 
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