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Confinement and manipulation of photons using microcavities have

triggered intense research interest in both fundamental and applied
photonics for more than two decades. Prominent examples are ultrahigh-Q
whispering gallery microcavities which confine photons by means of
continuous total internal reflection along a curved and smooth surface. The
long photon lifetime, strong field confinement, and in-plane emission
characteristics make them promising candidates for enhancing light-matter
interactions on a chip. In the first part of this talk, I will introduce some
representative photonics applications of ultrahigh-Q microcavities. In the
second part, I will focus on (1) chaos-assisted momentum transformation
in an asymmetrical microcavity, (2) spontaneous symmetry breaking of
optical fields in a single ultrahigh-Q microcavity, and (3) second-order
nonlinear optics induced by symmetry breaking at the surface of a silica
microcavity under a sub-milliwatt continuous-wave pump. By dynamically
coordinating the double-resonance phase matching, a second harmonic is
achieved with a conversion efficiency of 0.049% W”—1, 14 orders of
magnitude higher than that of the non-enhancement case.
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High efficient second-harmonic shaping via amplitude

-type nonlinear photonic crystals
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On-chip generating, controlling and detecting quantum states of light
with large-scale silicon-photonic circuits opens the way to realizing
complex quantum technologies for applications in the fields of computing,
simulation and communication. In this talk we present our recent progress
in large-scale integrated photonic circuit for quantum information
processing and information trancieving. The generation and manipulation
of photon-pairs, four-photon genuine multipartite entanglement, and eight
photons states will be discussed. We will discuss a large silicon-photonic
device that is able to generate, manipulate and measure high-dimensional
entanglement with high controllability and universality. We will further
show our recent demonstrations of scattershot and Gaussian Boson
sampling in a single device. With the developed quantum photonic
hardware it allows us to benchmark the simulation and characterizations of
electron spin systems and molecular systems with photons. We developed
a chip-to-chip quantum interconnect technology which allows us to realize
the chip-based entanglement distribution, quantum teleportation, and
entanglement swapping. These results show silicon-integrated quantum
photonic circuits as a versatile testbed for new quantum algorithms and as
a route towards large-scale quantum information processing, pointing the

way to applications in fundamental science and quantum technologies.

AARA: 8RR, LR KRFDRFZREARTA, FTonBREF A
X H R B AR MR R TS E (2008) A (2011),

FEA ZHIRRFNEFHE (2016) fotf k5. AT AR IR A L
REFEAMEESER, QERZT T ER O ZNA R, R
EAEZTHHE. T TEMETTEEF IO, £ a4 Science
(2 &)~ Nature Physics (3 ). Nature Photonics (2 % ). Science Advances.
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Nature communications. Phys. Rev. Lett.. Optica % /& 1 9 B I: 5 K1)
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Magnetic field sensing using a cavity optomechanical system
(FARE)

Bei-Bei Li'?*, Jan Bilek?, Douglas Bulla*, Ulrik L. Andersen’,

Warwick P. Bowen?

"nstitute of Physics, Chinese Academy of Sciences; *University

of Queensland; *Technical University of Denmark; “Defence

Science and Technology Group

The resonant enhancement of both mechanical and optical response
in microcavity optomechanical devices allows exquisitely sensitive
measurements of stimuli such as acceleration, mass and magnetic fields.
For example, ultrasensitive magnetometry has been realized by integrating
a magnetostrictive material Terfenol-D into a high Q optical microcavity.
Here we report a magnetic field sensitivity of 26.5 pT/Hz1/2, which is
comparable to that of the similar-sized superconducting quantum
interference device (SQUID) based magnetometry, but without using
cryogenic cooling. The magnetometers are fabricated through depositing
Terfenol-D particles into microcavites. We also developed a scalable and
reproducible  fabrication pathway for cavity optomechanical
magnetometers, through sputter coating a thin film of Terfenol-D into the
microcavity, without degrading the quality factor of the microcavities and
the performance of the magnetostrictive material. Furthermore, we also
demonstrated that by using squeezed light the noise floor of the
magnetometer can be suppressed, and therefore the sensitivity can be
improved.
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The photonic integrated circuit hold great potential for future quantum
information processing. On this platform, the optical microcavities provide
an excellent tool for enhancing light-matter interactions, due to their
ultrahigh quality factor and small mode volume. Here, we explore the
nonlinear optical processes in microcavities. By carefully engineering the
geometry of microcavities, we demonstrated the coherent frequency
conversion, narrow linewidth photon pair source, high efficient second
harmonic generation. Based on these progresses, we proposed an artificial
atom for deterministic quantum gate operations. These integrated nonlinear
photonic devices, which are robust, compact and salable, hold the great
potential for future applications.

AAFA: KB, ST R . % 34 2008 52 2014 5 F + @A
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C.H.Dong’, Z. Shen, Y. Chen, Y. L. Zhang, C. Z. Chai, S. Wan, R. Niu,
F. W. Sun, C. L. Zou, and G. C. Guo

TEAFHEARAKS

Light-matter interactions are the fundamental basis for many phenomena and
processes in optical devices. The high-quality Whispering-Gallery-Mode (WGM)
optical micro-resonators provide unprecedented capability to trap light in a highly
confined volume. The non-reciprocity has many applications for photonic isolators and
circulators, which have been recently demonstrated in our experiment based on the
mechanical vibration in the WGM microresonators. The underlying mechanism of the
non-reciprocity demonstrated here is actually universal and can be generalized to any
traveling wave resonators with a mechanical oscillator, such as the integrated disk-type
microresonator coupled with a nanobeam. I will present a few cases demonstrating the
great potentials of high-Q WGM microresonators for both cavity optomechanics and
non-reciprocity. In addition, I will present some new results about the multi-modes

interaction and spin-orbit coupling in the high Q microresonators for the non-reciprocity.
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IT03 Mid-infrared fluorescence spectroscopy using a superconducting
nanowire single-photon detector (¥ #F 3R %)

% A

PR K AL S ) ZLAT 50 PT

Superconducting nanowire single-photon detectors (SNSPDs) now make laser-
induced fluorescence spectroscopy in the mid-IR a powerful tool for studying
vibrationally excited molecules. A SNSPD-based emission spectrometer has been
successfully implemented to perform LIF of surface adsorbates with sub-monolayer
and sub-nanosecond temporal resolution in the 2-7 um mid-IR wavelength regime.
The system’s noise equivalent power (NEP) value is ~ 10-3 of a conventional InSb
photovoltaic device. Using a mid-infrared emission spectrometer based on a SNSPD,
we observe the dynamics of vibrational energy pooling of CO adsorbed at the surface
of a NaCl crystal. After exciting half the CO molecules to their first vibrationally
excited state (v=1), we observe infrared emission from states up to v=27. Kinetic Monte
Carlo simulations show that vibrational energy collects in a few CO molecules at the
expense of those up to eight lattice sites away by selective excitation of NaCl’s
transverse phonons. The vibrational lifetime of surface adsorbed CO is on millisecond
time scales and limited by a loss mechanism that is similar to a radio transmitter

experiencing damping due to electromagnetic interaction with the Earth.

IT04 N-phonon bundle emission via the anti-Stokes process (¥ #iR %)
Qian Bin, Xin-You Lii*, F.P. Laussy, F. Nori, and Ying Wu"

e b AR

The manipulation of quantum states is one of the main topics of modern science.
Here, We demonstrate theoretically the bundle emission of n strongly correlated
phonons in an acoustic cavity QED system. The mechanism relies on anti-Stokes
resonances that generate super-Rabi oscillations between states with a large difference
in their number of excitations, which, combined with dissipation, transfer coherently
pure n-phonon states outside of the cavity. This process works with close to perfect
purity over a wide range of parameters and is tunable optically with well-resolved
operation conditions. This broadens the realm of quantum photonics, with potential
applications for on-chip quantum information processing, quantum metrology, and
engineering of new types of quantum devices, such as optically heralded N -phonon

guns.
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Photonic graphene, the photonic analog of graphene constructed with waveguide
arrays arranged in honeycomb lattice geometry, has provided a useful platform to
emulate graphene physics and topological phenomena that would otherwise be
inaccessible in real graphene. Pseudospin, inherent sublattice degree of freedom, is
commonly considered as only a mathematical analogy with electron spin, but recent
theoretical studies and experimental observations suggested that pseudospin is gifted
with a real angular momentum. In this talk I will present some of our recent work related
to pseudospin-mediated vortex phenomena arising from pseudospin to orbital angular
momentum conversion in photonic graphene, including pseudospin dependent vortex
generation, topological charge flipping and topological charge transformation mediated
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by berry phase in momentum space. Moreover, the valley vortex states and degeneracy

lifting related to valley degree of freedom in momentum space will also be discussed.
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B, R eI A SRS L RFHEINF AT AT, ) ALY
IR %) B 0 69 B W R RS, A e — RAFERGY KO TS AR X ey de 4, Rp
Floquet n#f, it kb, A& T & #ik % 7]49 Floquet B H M E, 5Lk
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I'T04 Metamaterials with index ellipsoids at arbitrary k-points (¥ #53R %)
RXA, RK, A&, KBK, 7%
PP K PRBHBEXENER; P AN KT

Ordinary materials have their index ellipsoids centered at k = 0. We propose a new
type of metamaterial possessing multiple index ellipsoids centered at arbitrary nonzero k-
points. Their locations in momentum space are determined by the connectivity of a set of
interpenetrating metallic scaffolds, while the group velocities of the modes are determined
by the geometrical details. The existence of the quasi-static modes at non-zero k-points
can be understood by solving Poisson” s equation and can be viewed as the shifting of
the light cone by a synthetic gauge potential induced by the twisting in network. Such
system is a new class of metamaterial whose properties arise from global connectivity and
hence can have broadband functionality in applications such as negative refraction,
orientation-dependent coupling effect and cavity without walls; and they are fundamentally
different from ordinary resonant metamaterials which are inherently bandwidth limited.

We performed microwave experiments to confirm our findings.
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