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Image Transport via Transverse
Anderson Localization

I n pioneering work in 1989, Hans De
Raedt and colleagues studied an optical
wave system in which the refractive-
index profile is random in the transverse
plane and invariant in the longitudinal
direction.! They showed that an optical
beam launched in the longitudinal direc-
tion can become localized in the trans-
verse plane, due to the strong random
scattering from the transverse random
index fluctuations, and can propagate in
the longitudinal direction with a finite
beam radius, as with a conventional opti-
cal fiber. They attributed this behavior to
a 2-D manifestation of Anderson localiza-
tion,? occurring in the transverse plane
of the beam. This phenomenon, which
they referred to as transverse Anderson
localization, was observed experimen-
tally in 2007 in a photo-refractive crystal
utilizing refractive-index variations on
the order of 0.0001.?

In 2012, our team demonstrated trans-
verse Anderson localization of light in
a polymer random optical-fiber medium
with refractive-index fluctuations of
order 0.1.* Such large fluctuations are
essential for device applications if the
mean localized beam radius is to be
comparable with or smaller than that of
conventional optical fibers. Our polymer
Anderson-localized fiber allowed for
simultaneous propagation of multiple
beams in a single strand of disordered
optical fiber, with potential applications
in beam-multiplexed optical communica-
tions and optical imaging.

This year, we successfully demon-
strated that the polymer Anderson-local-
ized fiber can be used for endoscopic
fiber optic imaging.® The earlier dem-
onstration of spatial beam multiplexing
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(a)

(a) Sketch of the dielectric medium. (b] Cross-section of polymer Anderson-localized
fiber, with an approximate side width of 250 pm. (c] SEM image of a 24 um wide region on
the tip of the fiber (darker regions have lower refractive index). (d) A section of the 1951
U.S. Air Force resolution test chart used in imaging tests. (e] Images transported through

a segment of the disordered fiber.

suggested the possibility of using
disordered optical fiber for some form of
image transport; our 2014 work, however,
also showed that the image transport can
have comparable or higher quality than
some of the best commercially available
multicore imaging optical fibers, with
less pixelation and higher contrast.
Remarkably, the high-quality image
transport is achieved because of, not in
spite of, the imaging system’s high level
of randomness.

Future efforts will concentrate
on reducing the attenuation of the
disordered fiber for longer-distance
image transport, and on develop-
ing an air-glass disordered fiber to
achieve a smaller beam localization
radius for higher image transport
resolution.
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