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Technical Group at a Glance

Total Members: 1,516 members
« A part of benefits of OSA membership

Mission and Focus

Serve the community by sharing latest information and providing a pathway for young professionals to
greater involvement with mentors and peers

» OSA Incubator meeting “Flat Optics: #OSAMetamaterialsTG Next chair: Dr. Dimitrios C.
Recent Advances and Future Opportunities” Tzarouchis

Join Our Online Community

W Tweet #0SAMetamaterialsTG

#OSAMetamaterialsTG

Curated Tweets by @hvwalter

Featured tweets from the OSA Photonic
Metamaterials Technical Group

Follow-up meeting in 2021 Optical Design and
Fabrication Congress (open for submission)
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Past webinar recordings

https://www.osa.org/TGwebinars

Living

Journals ing plore Get
& Proceedings & Exhibits Membership = Involved

Home / Getlinvolved / Technical Groups

Technical Group Webinars

Get Involved
Stay Connected

al Engagement OSA TEC h n ica I G rOU p We bi n a rS Receive the latest news and information about

upcoming OSA Technical Group webinars by

Welcome to OSA Technical Group webinars, your source for free online content curated by your peers and updating your group affiliations in count. If
tailored to your interests in optics and photonics. Each webinar is organized by one of our 44 technical groups you are not an OSA Member, we encourage you to
and features an hour long presentation by selected speakers. join y! You will have the option to select up to

five technical groups during your enrallment
You can learn more about and register for any of our upcoming webinars below. Previous OSA Technical process.
Group webinars are also available to view on-demand in their entirety.

Bio-Medical O

Fab n. Design & Instrumentation

Information Acquisition, Processing & Display Upcoming Webinars

Optical Interaction Science

On-Demand webinars

Register now for these upcoming technical group webinars:
Opto-Electronics

Nonlinear Plasmonic Metasurfaces Using Multiresonant Surface Lattice
ronsion g
Resonances

23 November 2020, 11:00 - 12:00
Hosted By: Photonic Metamaterials Technical Group

Register Now Measuring Intracranial Pressure Using Diffuse Correlation Spectroscopy
02 December 2020, 12:00 - 13:00

Hosted By: Therapeutic Laser Applications Technical Group

Work in Optics

: Campfire Session: How to fabricate good quality specialty silica optical fibers usin;
Education Outreach Register Now s b 4 g d
MCVD process?
04 December 2020, 10:00 - 11:00

Light the Future
Hosted By: Fiber Modeling and Fabrication Technical Group

International D

Traveling Lecturer Program
m Adaptive Optics for Aberration Correction in Laser Processing
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Technical Group

Webinar Series /

Metaphotonics and Metasurfaces Empowered by
Mie Resonances

Tuesday, December 15t 6:00 pm EST

Nanoantennas <= Mie resonances ==p Metasurfaces

Head, Nonlinear Physics Center, Research School of
Physics and Engineering, Australian National University

ﬁ

Speaker: Prof. Yuri Kivshar

ACS Photonics 2020
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Metamaterials and metasurfaces
empowered by Mie resonances

Yuril Kivshar




“Meta” . Electric and magnetic resonances
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Mie-resonant metaphotonics

See K. Koshelev and Y. Kivshar, Dielectric resonant metaphotonics
ACS Photonics 2020, https://doi.org/10.1021/acsphotonics.0c01315




1908: Mie theory

Gustav Mie (1868-1957)

ANNALEN DER PHYSIK.

VIERTE FOLGE. BAND 25.

1908. M 3.

1. Beitrdge zur Optik triiber Medien, speziell
kolloidaler Metallésungen;
von Gustav Mie.
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Electromagnetic response of a Mie sphere

Scattering cross section




Interferences and Kerker effects

ED MD EQ MQ b

f |\/| Kerker
 Multipolar interferences and control of emitted radiation

« Enhancement of many effects near MD resonances

 High-Q resonances: bound states in the continuum

Kerker effect Transverse Kerker effect

_ Phys. Rev. Lett. 122, 193905 (2019)
A recent review: Opt. Exp. 26, 13085 (2018)



Bound state in the continuum (BIC)

Uber merkwiirdige diskrete Eigenwerte

J.von Neumann and E. P. Wigner

Physikalische Zeitschrift 30, 465-467 (1929)

J.von Neumann E. Wigner N=
-/\/\/\ .
Continuum
//\\ Discrete level
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Bound state in the
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First experimental efforts

1992

no true BIC was observed

:

1
300

*508 Appl. Phys. Lett. 61 (8), 24 August 1992



Many mathematical papers ...

PHYSICAL REVIEW A VOLUME 11, NUMBER 2 FEBRUARY 1975

Bound states in the continuum

Frank H. Stillinger and David R. Herrick
Bell Laboratories, Murray Hill, New Jersey 07974
(Received 5 November 1974)

ANNALS OF PHYSICS: 22, 123-132 (1963)

Bound States Embedded in the Continuum and the
Formal Theory of Scattering

Luciano Fonpa

2008: the idea came to optics ....




Bound states in the continuum in optics

2011 Arrays of coupled waveguides 2013 Photonic crystal slabs

Hsu et al, Nature 2013



BIC In photonics: origin and physics

Planar waveguide

Complete destructive interference in far field



Different types of BICs

Symmetry-protected ~Accidental
(conventional) (Friedrich-Wintgen)
R

1
%)
3
LL

0

System parameters

In-plane inversion symmetry
time reversal symmetry
up-down symmetry

In-plane inversion symmetry
time reversal symmetry

PHYSICAL REVIEW A VOLUME 32, NUMBER 6 DECEMBER 1985

Interfering resonances and bound states in the continuum

H. Friedrich and D. Wintgen
Physik Department, Technische Universitdt Miinchen, D-8046 Garching, West Germany
(Received 24 June 1985)




BIC In a subwavelength resonator




Recent experimental demonstrations

RF experiment Near-IR experiment

Q=12500
Q=200




Fano vs. quasi-BIC resonances

Experiment
Theory

In preparation



Quality factor vs. mode volume

High-Q resonators ir
near-IR and visible

[3] Optics Lett. 39, 3062 (2
[4] Nano Lett. 17, 3914 (20
[5] Nano Lett. 17, 1219 (20

[1] Optics Lett. 38, 2810 (2{13)

Quasi-BIC = high Q factor and small sample footprint & mode volume

[2] Nat. Comm. 5, 3109 (2014).

14).
17).
17).



Nonlinear response of quasi-BIC states

Polarizatio pgy % 10 A
MOde SH FF
(W) T oum)  ©
BIC Azimuthal 210 0.77 1.55 114
BIC Linear 270 0.06 1.55 114

MD Linear 1.8 0.84 2.98 10




SHG from quasi-BIC states: Recent experiment

Science 367, 288 (2020)




Examples of nonlinear “Mie-tronics” effects

Nano Letters (2014) Science (2020)

ACS Nano (2020) Nano Letters (2020)

K. Koshelev and Y. Kivshar, Dielectric resonant metaphotonics,
ACS Photonics, https://dx.doi.org/10.1021/acsphotonics.0c01315



All-dielectric metasurfaces




Two strategies for optical metasurface engineering

Multipglesfor highly efficient transmission

oK

Milton Kerker

Resonanceswith bound states in the continuum

J.von Neumann E. Wigner



Tailoring magnetic response

diameter diameter, height

|. Staude et al, ACS Nano 7, 7824 (2013)



Huygens’ metasurfaces

Silicon nanodisks embedded in n = 1.66 medium

Complete 21T phase coverage

- Near-unity transmittance:
T > 91% for embedded disks

 (NIR)

But how to make ersion losses
metasurfaces
broadband ?




Mie + Fabry-Perot resonances

Y. Yang et al, Phys Rev B 95,165426 (2017)



How to make a metasurface broadband ?

@

_1—>4->
—t1—>1

Broadband operation via multipolar response



Broadband highly-efficient dielectric metasurfaces

S. Kruk et al, APL Photonics 1, 030801 (2016)



Metasurfaces for optical communications

S. Kruk et al, Laser & Photonics Reviews (2018)

Transmission

Multimode fiber transmission




Metasurfaces go to quantum photonics

A. Solntsev, G. Agarwal, and Y. Kivshar, Metasurfaces for Quantum Photonics
under review in Nature Photonics, preprint arXiv:2007.14722 (2020)



Nonlinear metasurfaces

Examples of nonlinear metadevices

March 2020



Nonlinear dielectric metasurfaces

1650 nm pump === 550 nm TH

92% Difraction Efficiency

1.4x104 W-2 Conversion Efficiency




Two strategies for optical metasurface engineering

Multipoles for highly efficient transmission

J.von Neumann




Metasurfaces with broken symmetry

All can be explained

with the BIC concept!




High-Q quasi-BIC metasurfaces




Metasurfaces and BIC resonances

Z. Liu et al, Phys. Rev. Lett.123, 253901 (2019)



Pixelated metasurfaces for biosensing

A. Tittle et al, Science 360, 1105 (2018)




BIC-resonant metasurfaces and 2D materials

Collaboration with Alex Solntsev, UTS

X 10° enhancement of SHG

N. Bernhardt et al, Nano Lett. 20, 5309-5314 (2020)



BIC-enhanced nonlinear effects

Breaking symmetry




High-harmonic generation with BIC

CLEO May 2020, FTh1C.5
arXiv preprint: 2008.11481




What else you can do with BICs




Vortices and ultrafast switching with BIC

Perovskite-based BIC microlasers

Science 367, 1018 (2020)




Virus manipulation with BIC cavities

Collaboration with Din Ping Tsai (Hong Kong) and Ai Qun Liu Singapore)



BIC generalizations

Collaboration with Ranjan Singh

Measured Q factor =5 x 10°




Chiral BIC metasurfaces

Being uncoupled from one circular polarization and resonantly
coupled to its counterpart, a metasurface hosting the chiral BIC
resonance exhibits a narrow peak in the circular dichroism
spectrum with the Q factor limited by weak dissipation losses



BICs In hybrid and plasmonic metasurfaces




Conclusion: a new life of optical metamaterials

Metamaterials is still an active research field (but now often appears
under a new brand name of meta-optics or metaphotonics), that promises
many applications in photonics and subwavelength optics;

Dielectric nanoparticles with high refractive index can be implemented for
many metaphotonics phenomena governed by Mie resonances;

Many novel effects originate from multipolar interferences and the
magnetic field enhancement, and they drive novel functionalities of
all-dielectric resonant metasurfaces and metadevices

Recent many advances in meta-optics and nanophotonics are associated
with the physics of bound states in the continuum which appear due to
strong coupling of guided leaky modes combined with Mie resonances

Questions, comments, and collaboration proposals:
Yuri Kivshar <yuri.kivshar@anu.edu.au>
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