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microtoroid

Momentum Transformation in a

Chaotic Optical Microresonator

omentum conservation is one of nature’s
fundamental laws, dominating the move-
ments of matter in isolated systems ranging
from galaxies to elementary particles. In optics
and photonics, this conservation law regu-
lates many interesting physical processes.
For example, optical whispering-gallery-
mode (WGM) microresonators,' which confine
resonant photons by total internal reflection,
traditionally possess rotational symmetry.
The total-internal-reflection angle—that is,
the angular momentum of a photon in the
WGM microresonator—remains constant.
Unfortunately, this rules out many desired
processes in broadband photonics.
Recently, our team reported broadband
chaos-assisted momentum transformations
in an asymmetric WGM microresonator.>? We

Angular momentum

|

Wavelength (um)
1.0 0.75 0.5

25
B 0.8'
=
£
(] a
& 0.6
©
(=]
£ 044
(=%
=
o
© 0.2
0.0
100

I Deformed resonator

[ Cireular resonator

300 400 500 600
Frequency (THz)

Top left: SEM image of a deformed microresonator coupled with a nanowaveguide. Top
right: Schematic for the chaos-assisted momentum-transformed coupling process.
Inset: Short-time snapshots in 3-D finite-difference time-domain (FDTD) simulations of
spatial intensity distribution. Bottom: 3-D FDTD simulation showing coupling efficiencies

of a deformed (red) and a circular (blue) microresonator coupled with a nanowaveguide.

designed a specially shaped asymmetric, or
deformed, microresonator to create chaotic
channels that transform momenta of light.®
Such chaotic channels, via dynamic tunnel-
ing,*5 can act as a liaison between light in
the external couplers and the high-Q WGM
resonators, by raising or lowering the angu-
lar momenta of light between them in a few
picoseconds. As a result, simultaneous broad-
band coupling of light, from the visible to the
near-infrared, can occur between a nanofiber
waveguide and a WGMs microresonator—and
thus enables broadband momentum transfor-
mations of chaotic photons.

We used a full 3-D finite-difference time-
domain (FDTD) simulation to demonstrate this
momentum transformation mechanism and its
dynamics, which enable the effective coupling of
WGMs in a silica microresonator over the mate-
rial’s entire transparent wavelength band (500
to 2500 nm). Experimentally, we realized the
momentum transformation process in a nanofi-
ber waveguide coupled to an ultrahigh-Q-factor
deformed microtoroid.

This system appears to have significant
potential advantages for nonlinear frequency
conversions, in applications such as broadband
cascaded Raman lasers, third-harmonic genera-
tion, and frequency comb generation. Beyond
those applications, the proposed momentum
transformation scheme could also find use in
a large number of other fields—not only multi-
mode lasers, but broadband quantum memories,
multiwavelength optical networks, supercon-
tinuum light sources and quantum information
processing.




