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The quest for the world's shor
test laser pulse has led to a re
markable pace of develop

ment in ultrafast laser technology. A l 
though pulses of only a few cycles 
duration have been made, clearly the 
observation of a 0-fs pulse would rep
resent a key result in this field (see Fig. 
1). In most experiments, a 100-fs 
pulse is amplified and passed through 
a nonlinear medium, generally a sim
ple single-mode silica optical fiber. 
The resulting nonlinear propagation 
creates a large bandwidth increase, 
and, with careful control of subse
quent optical phases, significant com
pression ratios have been obtained. A 
simple linear extrapolation predicted 
that continued progress should result 
in an important milestone (dashed 
line): the pulsewidth should have 
gone to zero in late 1986 and become 
negative in 1987. Incorporation of 
prisms have produced at best 6-fs 
(three-cycle) pulses. 

We show that the reason for this 
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pause in history has been the choice 
of nonlinear medium. Single-mode 
fused silica fibers are not capable of 
generating enough bandwidth to ap
proach the 0-fs limit and beyond with 
realizable intensities. Our new nonlin
ear medium consists of a short length 
(1-10 mm) of zirconium encrusted 
high-T c superconductor microcrystal
lite doped neodymium aluminate fi
ber maintained near the supercon

ducting transition by a liquid nitrogen 
cooled cryostat with optical access 
ports. A strong pulsed magnetic field 
parallel to the fiber axis is synchro
nized with the laser, providing 40-80 
T peak field strength at 8 kHz repeti
tion rate. We study the pulse evolu
tion as a function of propagation dis
tance and record conventional auto 
correlations. 

Figure 2 shows our results. At 3 

FIGURE 1. Evolution of pulse compression. The dashed line shows that in 
1985 the 0-fs pulse was predicted to occur in late 1986. New nonlinear mate
rials now allow us to attain this limit and beyond. Applications of large-nega
tive-pulsewidth optical pulses should be abundant. 
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FIGURE 2. Autocorrelations of compressed pulses as a function of fiber length. 
We clearly observe the transition from normal pulse compression to 0-fs com
pression and beyond to the negative limit. We cannot test the uncertainty 
principle because the 0-fs pulse has no energy. 

mm, note that the pulse F W H M actu
ally goes to zero, and with longer 
propagation distance continues to go 
negative. This results, we believe, 
from the re-entrant behavior of the ef
fective nonlinearity due to local-field 
effects in our microcrystallites. It is 
not clear how the nonlinear response 
exactly manages to modulate the di
electric function in such a way as to 
effect essentially a "wormhole" for 
passage of phase (not amplitude) in
formation between the different parts 
of the pulse. More theoretical work is 
needed here. 

We are investigating 
possible violations of 

thermodynamics. 
Somebody's pulses must be 

getting longer. 

We tried to measure the power 
spectrum for the case closest to the 0-
fs pulse. Uncertainty relations might 
appear to require an infinite band
width for a 0-fs pulse. Interestingly, 
the spectrum of the 0-fs pulse reveals 
an important feature of the 0-fs pulses 
that is not true of the 0-pi pulse. A 0-
pi pulse has no area, but has energy. 
A O-fs pulse has area, but no energy. 
This can easily be understood—the 
energy is just equal to the peak power 
times the pulsewidth. As the width 
goes to zero, so does the energy. The 
implications for negative pulsewidths 
are simply unbelievable. 

In conclusion, we have observed 
the 0-fs pulse for the first time, open
ing the door to applications of large-
negative pulsewidths in computing 
and communications areas. Implica
tions for a truly universal advanced 
light source have not escaped our at
tention. We are investigating possible 
violations of thermodynamics. Some
body's pulses must be getting longer. 

THE OPTICS SHOPPE 

Previously owned optics 
equipment 

Have you hesitated about up
dating your lab because you're 
not sure what to do with the 
equipment you now have? Are 
you running out of storage 
space for equipment that's too 
good to discard but not quite 
what you need for your current 
projects? Have you ever wished 
your company would hold a ga
rage sale? 

Optics & Photonics News 
has a better idea. 

"The Optics Shoppe" gives 
you the chance to let more than 
16,000 colleagues know that 
you have optics equipment to 
sell or trade. Here are the de
tails on how to take advantage 
of this feature: 

• Type an ad of no more than 
25 words, including contact 
name and phone number. 

• Enclose a $10 check payable 
to The Opt ica l Society of 
America and mail it to: The 
Optics Shoppe, Optics & 
Photonics News, 1816 Jeffer
son Place, N.W., Washington, 
D.C. 20036. 

• Copy that reaches OSA by the 
24th of the month will appear 
in the issue mailed about five 
weeks later (i.e., copy received 
by M a y 24 wi l l appear in 
the July issue). 

• Equipment advertised must 
be previously owned and 
must be in good condition. 

Questions? Cal l Larry Lo
tridge or Dasha Talmy at (202) 
223-8130. Then make a list of 
the items you want to sell and 
start typing up those ads—that 
is, if you can find your key
board under all those extra in
struments! 
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