SCIENCE CHINA

Physics, Mechanics & Astronomy

@ CrossMark
é

» Research Highlight .

June 2024 Vol. 67 No.6: 260331
https://doi.org/10.1007/s11433-024-2350-x

Cavity optomechanics with directionally squeezed light

Pierre Meystre”

Department of Physics and College of Optical Sciences, University of Arizona, Tucson 85721, USA

Received February 19, 2024; accepted February 20 2024; published online May 15, 2024

Citation: P. Meystre, Cavity optomechanics with directionally squeezed light, Sci.

https://doi.org/10.1007/s11433-024-2350-x

China-Phys. Mech. Astron. 67, 260331 (2024),

It is well understood that the Heisenberg uncertainty princi-
ple imposes a fundamental limit on the precision of quantum
measurements. One way to get around this difficulty is to
exploit quantum states that minimize the uncertainty on the
observable of interest, increasing in the process the uncer-
tainty on the conjugate observable. Squeezed states of the
electromagnetic field, first demonstrated by Slusher and his
coworkers [1] in a four-wave mixing experiment, permit to
achieve this goal and to beat the standard quantum limit of
optical amplitude and phase measurements. They have found
applications in a number of optical detection schemes, and
most spectacularly perhaps their implementation has resulted
in significant noise reduction in interferometric phase mea-
surements as performed in the LIGO/VIRGO gravitational
wave antennas [2].

In addition to their central role in precision interferom-
etry, squeezed states of light also find applications in ra-
diometry, quantum information science, quantum imaging,
atomic clock development, and more. And in an intrigu-
ing recent application [3], optical squeezing was exploited
to induce an optical nonreciprocity in a system of two cou-
pled whispering gallery mode micro-ring resonators and two
waveguides. When driving one of the resonators unidirec-
tionally with a coherent field, a y® optical nonlinearity can
be exploited to squeeze the state of a counter-clockwise ro-
tating resonator mode, resulting in a chiral optical interac-
tion between the two resonators and optical nonreciprocity.
Nonreciprocity is a fundamental property of networks. It is

*Corresponding author (email: pierre @optics.arizona.edu)

© Science China Press 2024

an essential element of quantum gates and quantum networks
and is also crucial for on-chip signal processing, routing,
and isolation. As such optical nonreciprocity finds appli-
cations across a number of fields including telecommunica-
tions, photonics, quantum information processing, and sens-
ing.

Many of the ideas and techniques pioneered in quantum
optics are now being applied and further developed in the
exploding field of cavity optomechanics (COM), in particu-
lar with the development of hybrid systems that combine the
advantages of quantized optical and phononic fields [4]. Im-
plementing directional quantum squeezing capabilities such
as those successfully exploited in ref. [3] in such systems per-
mits to merge the benefits of nonreciprocal physics and COM
represents therefore an extremely promising area of investi-
gation.

This is beautifully illustrated in this issue of SCIENCE
CHINA Physics, Mechanics & Astronomy, where Lu et
al. [5] report on an elegant scheme to realize a nonrecipro-
cal phonon laser by exploiting the properties of directional
optical squeezing in a hybrid COM system comprised of an
optomechanical resonator coupled to a nonlinear optical res-
onator driven by a strong optical field. They find that this
results in an asymmetric coupling and detuning of the two
resonators and in a significant modification of the mechani-
cal gain and power threshold, and the generation of nonrecip-
rocal phonon lasing. The scheme, requiring only two-mode
matching in one resonator, is free of any spinning device and
has the potential to be realized under current experimental
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