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Brillouin Laser
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Stimulated Brillouin laser
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Linewidth broadening
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Complex amplitude phasor representation of lasing mode.
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Experimental setup

Read-out Electrical read-out Read-out

processor \ processor

.........

Pound-Drever-Hall
loop

-----------------

.......

________

.........



Linewidth enhancement near the

exceptlonal pomt

SBL beating frequency Awg/2r (kHz)
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Measured SBL beating frequency is plotted versus
pump detuning for three distinct locking zones.

vy= photon decay rate
= Brillouin gain bandwidth
Awyq=Kerr effect correction



Conclusion

Near the exceptional point,
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Enhanced transduction
of rotation to signal
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Improved responsivity does not lead to an improvement of

sensitivity.
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Exceptional points enhance sensing in an optical

microcavity

Weijian Chen!, Sahin Kaya Ozdemir!, Guangming Zhao!, Jan Wiersig? & Lan Yang!

Sensors play an important part in many aspects of daily life such
as infrared sensors in home security systems, particle sensors for
environmental monitoring and motion sensors in mobile phones.
High-quality optical microcavities are prime candidates for sensing
applications because of their ability to enhance light-matter
interactions in a very confined volume. Examples of such devices
include mechanical transducers', magnetometers?, single-particle
absorption spectrometers®, and microcavity sensors for sizing
single particles! and detecting nanometre-scale objects such as
single nanoparticles and atomic ions®~’. Traditionally, a very small
perturbation near an optical microcavity introduces either a change
in the linewidth or a frequency shift or splitting of a resonance
that is proportional to the strength of the perturbation. Here we
demonstrate an alternative sensing scheme, by which the sensitivity
of microcavities can be enhanced when operated at non-Hermitian
spectral degeneracies known as exceptional points®*'®, In our
experiments, we use two nanoscale scatterers to tune a whispering-
gallery-mode micro-toroid cavity, in which light propagates along a
concave surface by continuous total internal reflection, in a precise and
controlled manner to exceptional points'>!3, A target nanoscale object
that subsequently enters the evanescent field of the cavity perturbs
the system from its exceptional point, leading to frequency splitting.

One key difference between exceptional points and conventional
degeneracies known as diabolic points is their sensitivity to pertur-
bations. In a system operating around a diabolic point, the resulting
eigenvalue splitting is proportional to the perturbation strength €. In
contrast, for a system with an Nth-order exceptional point, at which N
eigenvalues and the corresponding eigenvectors coalesce, the splitting
induced by the perturbation scales as €'/N. Hence, for a sufficiently
small perturbation e, the splitting at the exceptional point is larger. This
particular characteristic of exceptional points has been proposed for
use in sensor applicationszs‘”.

Here we experimentally demonstrate such an exceptional-point
sensor, highlighting the enhancement of the sensitivity. Our system'*"?
consists of a silicon dioxide (silica) micro-toroid cavity coupled to a
fibre-taper waveguide for in- and out-coupling of light (Extended Data
Fig. 1). With its circular geometry, the micro-toroid cavity supports
clockwise- and anticlockwise-travelling modes with degenerate eigen-
frequencies but orthogonal eigenvectors—that is, the cavity operates at
a diabolic point. To set up an exceptional-point sensor, we use two silica
nano-tips as Rayleigh scatterers within the mode volume of the cavity
to tune the coupling between clockwise- and anticlockwise-travelling
modes to steer the system to an exceptional point. In the experiments,
we first located an optical resonance mode with no observable mode



