Giant Brillouin Amplification in Gases

ollow-core photonic crystal fibers have

been envisioned as the backbone of future
optical communications.! These fibers promise
lower transmission losses, which are associated
with a lower latency, wider spectral transmis-
sion, a higher power-damage threshold, lower
nonlinearities and lower dispersion than stan-
dard solid-core fibers. In 2020, the University of
Southampton, U.K,, reduced the loss in hollow-
core fibers down to 0.28 dB/km, a value that
closely approaches the loss limit in standard
single-mode fibers.?

The low-loss properties of hollow-core fibers
all result from a much lower interaction between
photons and dense fiber material. While this
dramatically reduces losses, it also makes it
very difficult to affect the light via light-matter
interactions—and, thus, significantly reduces
the possibilities for direct optical amplification.
This year, our team offered an efficient solution
to this quandary.

In our work, we used stimulated Brillouin
scattering directly in the gas medium (such as
air) filling a hollow-core fiber to realize a mas-
sive optical amplification,
by a factor of 200,000.> We

Based on this principle, our team also showed
that all advanced applications of stimulated
Brillouin scattering—such as fiber lasing, dis-
tributed sensing and slow and fast light—can
be readily implemented in hollow-core fibers,
with the further advantage of a higher efficiency.
We demonstrated a gas laser, based for the first
time on an opto-acoustic interaction, that can
operate at any wavelength, from ultraviolet to
mid-infrared. Distributed sensing using hollow-
core fibers showed unprecedented temperature
accuracy and spatial resolution. It also offered
the crucial advantage, previously unavailable
in Brillouin fiber sensing, of being entirely free
of strain—temperature cross-sensitivity, since
the gas is insensitive to the strain applied to
the fiber.

Hollow-core fibers may have crucial advan-
tages in extreme environments, thanks to their
large immunity to radiation photodarkening.
Thus, the lasers and sensors demonstrated in
this work may find direct application in high-
radiation environments, such as spacecraft or
nuclear reactors.
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also demonstrated that the
gain in a hollow-core fiber
can be much stronger than
in a standard single-mode
fiber, and can, indeed, out-
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gain in waveguide mate-

rials. In our experiments,
we showed that the peak
gain in these fibers scales
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pressure—and turns out,
at a gas pressure of only a
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exceed the Brillouin gain 0 0.32
observed in solid materials.
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Brillouin gain obtained in a hollow-core fiber filled with CO, gas at different
pressures, compared with the gain from a solid-core silica fiber.

DECEMBER 2020 OPTICS & PHOTONICS NEWS 33




