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A flash of light in water can cast off smaller flashes with
surprising properties—they can travel faster and farther than the
original flash. New evidence of these so-called precursors
appears in the 14 May PRL. The experiment is a rare
confirmation of a 90-year-old theory and the first complete
demonstration of the effect using visible light. A fuller
understanding of precursors could lead to advances in medical
imaging and underwater communication.

If you flash a quick burst of white light in empty space, it wil
travel unchanged. But in a material like water or glass, the pulse
will spread out as it travels, because each color within the white
light moves with a different speed. If you use an ultrashort pulse
of laser light instead of white light, the pulse will also break up,
shedding smaller bits called precursors as it goes. Water, like
most materials, has a set of exceptional frequencies at which
light can travel especially cleanly, and the precursors appear at 3
those favored frequencies. But the frequencies aren't fixed--they

change as the precursor moves through the material. An Water torture. Light pulses traveling down this water-filled

observer with superhuman vision watching a flash of light travel ~tube showed that bits of a pulse called precursors can
through water would first see a high frequency precursor x':r;":"::mm;m main puise. (Click image

galloping along at close to the speed of light. The color of that
precursor would change as the observer watched. Additional
precursors, with morphing colors, would follow. A bit later she would see the flash of the original light pulse.

"The precursor is like soap in the bathtub; it's kind of slippery,” says UIf Osterberg of Dartmouth College in Hanover, New
Hampshire. "It's like it's alive, it's breathing, it's moving along and changing the whole time," in terms of the frequencies it
contains. That mercurial nature makes a precursor hard to detect--only two teams have reported seeing precursors with
visible light, and those were under special conditions [1, 2].

The key to observing precursors is their surprising tenacity. At long distances, where the main pulse has faded into
oblivion, the precursor will still be detectable because it propagates so efficiently at its “favored" frequencies.
Mathematically, the main signal dies away exponentially as it is absorbed by the material, whereas the precursors only fade
away with the square root of the distance from the source.

To detect a visible precursor, Osterberg and his Dartmouth colleague Seung-Ho Choi sent a 100-femtosecond pulse of
light into a tube of water. With such an ultrashort pulse, the laser's color is not sharply defined, and it automatically
contains all the necessary frequencies. They detected a flash in the water a meter away--a distance at which the initial
pulse should have all but disappeared. The signal that they observed faded away gradually, as the square root of the
distance.

"That's the smoking gun right there, " says Kurt Oughstun of the University of Vermont, who has been describing
precursors theoretically for the past 25 years. "I was very pleased to see it. It's a very nice result." He is more confident that
Osterberg and Choi have seen a true visible precursor than he is about the two earlier experiments [1, 2].

"The applications of this are far reaching, " says Oughstun. "You can use for h
which has obvious military applications.” They could also have medical uses. Precursors could probe deeper into the body
for better imaging, such as in mammography, says Oughstun.

--Stephanie Chasteen
Stephanie Chasteen is a freelance writer and physics graduate student at the University of California at Santa Cruz.
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