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Recent advances in Mie-resonant metaphotonics
Yuri Kivshar, Australian National University

& Z. Metamaterials---artificial electromagnetic media
that are structured on the subwavelength scale---were
initially suggested for the realization of negative-index

media, and later they became a paradigm for engineering
electromagnetic space and control-ling propagation of
waves. However, applications of metamaterials in optics
are limited due to inherent losses in metals employed for
the realization of artificial optical magnetism. Recently,
we observe the emergence of a new field of all-dielectric
Mie-resonant metaphotonics aiming at the manipulation
of strong optically-induced electric and magnetic
Mie-type resonances in dielectric and semiconductor
nanostructures with relatively high refractive index.
Unique advantages of dielectric resonant nanostructures
over their metallic counterparts are low dissipative losses
and the enhancement of both electric and magnetic
fields that provide competitive alternatives for plasmonic
structures including optical nanoantennas, efficient
biosensors, passive and active metasurfaces, and functional
metadevices. This talk will summarize the recent advances
in all-dielectric Mie-resonant metaphotonics including
nonlinear photonics, bound states in the continuum, Kerker
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effect, as well as the recently emerged fields of biosensing,
active and topological photonics.

@ 9v: Yuri Kivshar received a PhD degree in theoretical
physics in 1984 from the Institute for Low Temperature
Physics and Engineering of the USSR Academy of Science
(Kharkov, Ukraine). From 1988 to 1993 he worked at several
research centers in USA, Spain, and Germany, and in 1993
he moved to Australia where later he established Nonlinear
Physics Center at the Australian National University. Yuri
Kivshar’ s research interests include nonlinear physics,
metamaterials, and nanophotonics. He is Fellow of the
Australian Academy of Science, and also Fellow of OSA,
APS, SPIE and IOP. He received several international
awards including Pnevmatikos Prize in Nonlinear Science
(Greece), Lyle Medal (Australia), Lebedev Medal (Russia),
The State Prize in Science (Ukraine), Harrie Massey Medal
(UK), Humboldt Research Award (Germany), and SPIE Mozi
Award (USA).
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Exceptional point-based plLasmonic metasurfaces for

vortex beam generation
Tensen Li, Hong Kong University of Science and Technology

& ZE:. We demonstrate how a non-Hermitian exceptional
point can be embedded into plasmonic metasurfaces to
generate orbital angular momentum. Such an exceptional
point can be revealed through a sharp orbital rotation
in the far field, as a directly observable phenomenon of
exceptional point. We expect a new generation of tunable
plasmonic devices to take advantage of the huge sensitivity
from exceptional points. We would also discuss how
exceptional point dynamics involved with four wave mixing
in a recent collaboration.

@77 : Jensen Li is currently a professor in the Department
of Physics at Hong Kong University of Science and
Technology. His research directions include optical
metasurfaces, non-Hermitian systems, transformation
optics and acoustic metamaterials. He has published more
than 80 peer-reviewed articles and his research group in
Hong Kong and previously in UK has been supported by
research grants from EU and Hong Kong RGC. Currently,
he is leading a collaborative research project on “Non-
Hermitian Systems in Optics and Acoustics” across several
universities in Hong Kong.
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PLasmonic metasurfaces for subwavelength control of
Light
BF, MEBIAF

& &: Metamaterial is a kind of artificially structured
materials, whose optical or mechanical responses are
controlled by the geometry of its subwavelength building

blocks rather than its chemical composition. As two-
dimensional counterparts of metamaterials, metasurfaces
offer fascinating possibilities of controlling light with
surface-confined flat components, allowing a broad
scope of potential applications, ranging from imaging,
hologram, beam steering etc. However, the lack of efficient
tunability due to the fixed conductivity of noble metal
or permittivity of dielectrics is one of the key limitations
holding back fundamental advances and novel applications
for metasurfaces. In this talk, | will introduce a distinct class
of active, tunable, and nonlinear metasurfaces that enables
a number of novel applications including super-resolution
imaging, 1D hologram, and active modulation of digital
surface waves.

@ 4v: Yu Luo received the B.E. degree in Electronic &
Information Engineering from Zhejiang University, China,
in 2006, and Ph.D. in physics from Imperial College
London, UK, in 2012. He then remained in Imperial
College London as a research associate after graduation.
In 2015, he joined the School of Electrical and Electronic
Engineering, Nanyang Technological University, as an
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assistant professor. Prof. Luo’ s research interests focus
on the design of metamaterials and plasmonics from
fundamental aspects to various practical applications. He
is well known internationally in the field of plasmonics and
metamaterials worldwide. His recent work has results in
a number of high-impact journal publications in Science,
Nature Physics, PNAS and PRL and has been highlighted
by many scientific magazines and public media, including
Nature Photonics, Nature Physics, Physics World, Phys.org,
BBC News, Guardian, etc.

B BE B th 5R A1 ik #5
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BE: EENRERIKEE AR L TERAMEEREE.
B MHEYAESY, EERERFEEZEAT, LIRS,
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BT, (EEEEXRTRSFRINWECYF, IsCIlEssT, X
EEMIERE. ROCRREMBEBINESIEE ZNARISR. BE5
FHEST, ZIRSKRFHNARAIZAEIIHEET (REK)
MIBEEET (BaGY) RUEIS. (PENELRSEAIARIIE. 3
MNENFERBTTE. SRR, fIgEE. TFRRIIEESFX
BRIFMNAER, R TET MBI EAREZ SR
B HBGET IR,
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SRR, H—TRR T ZBEAEA—TNERRESRATIAE
SSMBRELIR. BRI R RAIEEE.

BN F=, AAAXAFLEFESEMARR, BTESIN, TE6H
R AR EEBCCEFRANNAF&A, 2010 FARREF
FERFRAKRSE, 2016 FELENTEERFREXRE, B
EREEIZREMARZEETRERTRELEHRR. 2019 5F
2 BIMA\FHREFEREIZIARIE. ESUS—EERBETVE
Z& 7£ Nat. Photonics, Light Sci. Appl., Optica £ 3%E8 ¥l
IRARFIRRIE I 8 /5, EMPIESH 40 KRB, ARAERANILE
EEYFH<S Optics & Photonics News Z¥i& 2014 FEE LK
YeFugEAHE, 7152 Nature.com, ScienceDaily ZFER
WIRTZIRS., T 2015 FEREERMNFTEEBFERFS,
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BE: SCRSMEIIRICTFENSITCFRIUARINERARR, —7
HErLIESAEAITHESERE, WENRSER. BiEX
EF8E, B—AHE, BXALEISRERSYEPRSETRT
R, FYIEEEIIRERIFAITFE. ARSI RSES I+
BB FAREE, NENHRETERRSIR T
HIMNORES, BINEERREE. FEKITRIIRE, LAKEE
RYNELMEBEEIGES. oK, BERAER. KBTS
JEFEERIIRE.

B =E, mRAFEM "BEAAZRIR NEE, BxX
BARMZENFEFESIKEE, &6 "IN HEESKE
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BB FF SR EFE PRIF R FTAARR, KEDD
BEANBSRITF A, 553K 2007, 2018 FENFEEMR, BFF
BEA 2017 FEAY, WMERFREMNESREATHRIR. £ Nature
FFI, PRL, LSA FFRFIE 90 RFE, #5]3400 KRR, H
5% 33, #H{E Chinese Optics Letters B9F M Jmig, Science
Bulletin 48Z, Frontier of Optoelectronics g%, HEHIBIH

MOREE, FENERATEZSEZR, TAEMANTEETR
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EEEH RS CNERESTBE R KRERNRE] , #E
T EIERAKENIARI A CF et S EeE. B
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SHERINA . BEARRNE , 8aEYeF O RIAr LIRRIEY
—LT NEMIEHIIIR , TERRR — LR SLIRiE L5 5|
DERIMR . EREF, BREENARRREREEHET
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B EFET, mRAFEEFREIZER, 2016 FETFE
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¥ E3#E Nature Photonics—/&, Nature Communications —f,
National Science Review —mEZ R FE AL, THFRBEENIE
P EYEFETFER 2013 & "FECFEEMR" ; 2019
FIRIBFENCFFSNFRER—FR (HR%ED) .

EFEFPEESLEHAF
FEMRBB, Bi1AF

fEE: 2006 &£, Leonhardt 5 Pendry # 1Z 12 H T 5 F i
R FaRMiRit IR R#E. B9, Leonhardt BURRHRE
TN FESNENTEANES, BIASESHNZEEFANERR
MM, EXFZRFRPEIT NBXICWN, X5 EE
LAITiZR A, 2010 £, EAFHIEERSIER LT BB s™
1&1EHL Schwarzschild BiEYSERMHEAI B TR, Rk,
EMNET—IBYRERE, S T7TXEXEECREZEIRD
Schwarzschild FEiRFMEREIE, TARIBYIREN AN LR
7PN

FARAMEEERAREBHRSH ST, LRPAZLI,
I, FEARHFBRMALRTR, BRSSHTEEFENEITE
REr At R, LT de Sitter Z[E]. anti-de Sitter 2=,
Schwarzschild Z&ifE, FHFIFYEEIEBRRIRM Dr TIM #&H B4
HNEE, ORI TS| HEEINFIZEIMEREFEHFINS,
BfFie, RIS RS MRIBENRETUSEIER. KHAZFAF
R OXIFRETEIR D &L TITENDEFER, BFAIRAR
ATYE, RITAEROXFTRTSTRS N E#ER, HRE
BETFAERIS R,
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BN BNMAZBHAEZHRKEIRRK, BES EDA TEH
RPOLEE @IFEFFERE, HEPEFERILESE (2018
F) , 32013 FERMFSFEEME, Elsevier FEFHS|
F& (2014-19) . KEANSTIREEFEAMEINHR, &%x
Nature FF (8 &) 1 Phys. Rev. Lett. (8 &) ZH/KFIEX
18 150 &5, 45| FRERE 8000 )%, HEHREHE I 1000 %,
AR RNIERUNIIRZ YIRS B RAE,

TFTENDICENRT: BERERK

WE: EEARRREASEHYIEHNEIBIIRFTARESEr;., A,
AR RITFR A TYIEF AR R R T, HEEIER
FHEEBEFHR - HEEXITR (Parity-Time Symmetry) B93EG
BREFRINTRUCERFAFRIMELHAILE, XEKREEX
MIFEE R AP FEREREEER/NRIAAMLES, +oFER.
AT, XMBEETEEEHARE, ToKHMTiEE / RIKEE
RN, URFEEINEBEXNTRYE., AXMRER, FTEITIeIEE
BURAVHEBHIERNETENE, AEENE—XEERERET
BERFTEIEERARR, HIFRZNECERSR.

B it MREAFHIR. 5. FerHXAKFEHELT (2005) .
FRIEFBRRAFRIAREA (2005-2011) , BN KFERS
FEHI% (2011-2017), 2018 & 3 BiEEIMABRAZYIEZ .

ExRE#tsdEF A. E Nature Materials, Physical Review
Letters/X & LRZRT 70 £#5 SCI1E3, 5|F 3000 RIX,

B LDERIHE —EFR (2017) , ASHEARFER"EFR
(2014) ERI0, WIAFSKEEPEA TGS RINIEIS SN,
Bif: RESAO6F. ERFREXMIE. BRAFRESNA.

BE=#%TR. K&EERESE.



R EE B
BF2EBXRDEBRTNF B bEET R D) 2 it 7% b inh 72 83

R, i#iIAF

BE: EFk, FRCFERFRRIYIERN, SR CFERENE
BIRS T AFEFRBINKE. MREEENRETEBRHA
FBERUTHIEE BieE /RN B es. Bii1o I8
EFCRIRGTITIET, RIS YEARIZ D i TR RN E.
SEREBEMICFARE, XERALTEZMRINER, TS5
JCRERRER, FERIERME T —feHniE, HEEES
H, NBEEEGLE. s, FTIEFMEEEENNA.

o

B EE, IMIAXEMER. XEFRNEHE, BLE
Sif, ExREFFAITRIANIESE. 2002 FEFHNTKFER]
MERESH, XBESIEALR., 2007 KInHER T Fk
"MEEBFSNEYIE" g, 2007 XHEE "BERMNL
FEHEBFERZE" . SEEEAERXAXE EL Gintzon 3L
WEEHEARR. TEMRKESFEAT, BEALBEN
R, PAKEEBA KIS, 7£ Nature Nanotechnology, Physical
Review Letters, Nature Communications, Nano Letters &
CAVERT) £, &F18X 40 Zim. 5|48 1T 4000 )X (Google
Scholar) , 5&@Aif& ESI §5[1E3 , BEEfth5 [&R=E#EE 400 IR,
"FEMoRE—IRKEESGEINZE" IR AIE "2017
PEDEFETRHE" .
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BE. RFE—EMENSR, SRBRRGNEHEREN
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RUERL. BefISEiR AL T —FpE T HHNET REERIYE /R ETFHL
&, AETUSEIM T —MEEeERRIMASEDGRE, KSR
H FEBAFNLGS REHRIMATE,

B DIE8EL, tERAEMEERARR. TEHRTES
IAKIEFFRBO YIRS, EHARRERE: 1) R TETY
SRERVESFFHIIE, NEEESYIRBEEERRHE THTE
2) BRI T ETHINEEE REERIICRETHE, SO 7 HRIMASE
Jtas, 3) BEBAUTACRERER W LEYOKE, FEEE
B, FENERERFRIOEPTHMREMNE., KENREEE
2018 HENFETAHEHE" , "2018 =EEYIEZFS Physics 1+
KHER" 1 "IERAEMHFELICESHIIR" F., &RNT
{E B8 #& 3 % Nature/Science, 3 & Nature Nanotechnology,
2 % Nature Materials, 1 & Nature Physics, 1 & Nature
Communications, 1 & Science Advances, 2 & Physical
Review Letters &, 7 APS March Meeting, Nature

Conference ZEZF ARSI EHIEIBEIRES 50 RIX.,
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Manipulating Light with gquided resonances of photonic

crystal sLab
HZ, siXAF

& E: Photonic crystal slabs are two-dimensional periodic
dielectric structures that exhibit band gaps for in-plane
propagation while confine light in the third dimension.

Inside the light cone, the modes guided in the photonic
crystal slabs will interact with the modes of free space
and become guided resonance modes. In this talk | will
introduce some interesting functionalities of such guided
resonance modes. This talk comprises two major parts.
In the first part | will show that, by carefully engineering
the dispersion of the guided resonance modes, we can
perform image differentiation in the transmission side. This
thus offers the possibility of high-throughput low-energy-
consumption image operation with a compact device
[1]. In the second part, | will show that guided resonance
modes also exhibit topological features. It can be utilized
to achieve complete polarization conversion between the
incident light and the outgoing light [2,3]. Interestingly,
such an effect has a topological origin which guarantees
it to be a broad band effect. Meanwhile, it can also exhibit
fancy spin texture in the momentum space near a valley [4].
[1] C. Guo, M. Xiao, M. Minkoy, Y. Shi, and S. Fan, Optica 5,
251 (2018).

[2] Y. Guo, M. Xiao, and S. Fan, Phys. Rev. Lett. 119, 167401
(2017).

[3] Y. Guo, M. Xiao, Y. Zhou, and S. Fan, Adv. Opt. Mater 7,
1801453 (2019).
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[4] C. Guo, M. Xiao, Y. Guo, L. Yuan, and S. Fan, Phys. Rev.
Lett. 124, 106103 (2020).

@ 4v: Meng XIAO is currently an assistant professor in
Wuhan University. Before that, he was a postdoc working
with Prof. Shanhui Fan in the electrical engineering
department of Stanford University. He got his Ph. D. from
the Hong Kong University of Science and Technology
(Supervisor: Prof. C. T. Chan) and bachelor's degree from
Wuhan University. Dr. Xiao is now working on topics such
as wave functional material, topological photonics and
topological phononics.
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BE: BEMNMINAEFRATEN B e B ol o mIA R
RAYBE R FAIMFNGE, FNEERARIEAI, EEEN
BN F BRI A R AR T A RERIRE . R
BEFIENEKENARTEESIRSTEE/ NS EE,
N=5elr o2 r R H RS A RFRYRSIRAIFRE, WEXIFRIELR
IE 7 Z5kaeT < AN R ERBER T W =EFH R, X
AR I RIS R = SR F R EEFE
BT KA e BRI — S B R TR . R =EEFH RIITARY
RS mRMEEUHIE, HREANZRGEESFHNENE 1 B
T5TRNL, AISCEEAHRIME AT 2 RIS GIREER.

BT BFRaX, EPREAFEEZRRIHE, FTES.
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2005 FIRKBAFZF T, 2007 FRIHIAFM A,
2010 FFFRBAZRMIKRFELTF AL, 2011 F -2013 FEMZE
R AFNEETERR, 2013 FAREHREAS S 58
FEEFER. AR FERBHFITE, EFCFFHEXT
KRZ=EFE Nature Comm, PRL, Light Science & Applications,
NJP, PRB, OE, 1 APL 2 SCI #3TlieX 50 iR, EPARET
FEFE: (1) BRTICKKESEABEIRFEXZENA
KTEATHER, B FTEZKSHRIBEHEE, (2) &
HT "AEFIIURAGEIZEE" SRR RE RN EFINE
PRISE R R RiRECRIRN N FERE, (3) R TEEIE)
EIX LAaES ARSI AET RIS - ERER,

&) 8 E2 6] Bk 18 7% 15 % 4 B i i5) 5 [ F3
6%, EBA%

BE. BEASHNEHNEERI, ETEMAvCFHIEFT
FBREEFORNERERRERK, SZEHF, $aShT
RS CF B CF R o TN R B IRIERIN. BTHE
FEEFEMHEBRI /. SFUREEERES. Birs (HINRE,
Rk, EEEHMENBMUDT) FHR, EFRIMINERM
KGR KD e DRI CE DIl FERAREHEN A ARINE
XK. 381, EHEXNICFERRR I ESMGHRI D ITalRARE
Z, BB ERRET I ENSREIAE, ARSI T
EFpaT e AR

AMRERNAEBEXFNF RN R FENETRME
ARG HEAIR SRR I, BENETERGIGER
FZERIbE], HESTFREL BIU5m. TERTE. RIRSHIE
o mEFLEAENERE, HBARRFHRSINAS.
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B SEEXFHE, BHTES, PEFSFSETA, LigHHK
% '"RAFE" SRIEEHR, LEmERATEA, LiEh
NEIFEE s TRERARFORIERE, MBTWEESRE—FEL
Z= Nat. Photon.; Nat. Commun.; Phys. Rev. Lett.; Adv. Mater.
0 Light ZE7K¥HAT) 30 Ris.

AT FPERRERIZTEBDIHFR
R, LBRBAF

RBE: BIARTIHSEE TOCFERERS, FRRIRRE
HRESESRBEE—R, WE T ATGHIRER. EESIXM
REFNENTAEF, BEaSES, AL EFRTEFINF
BB, ATMREBESEMBIERINIRSEF—RIERSR. I
Hb, BATEKIMA USSR MRZABERE, ERNEFER
fErpfEE A, FHSCISFRR. FAINEISH R, IRT
BREEFRIFSEICFERAN,; E5L50 EXT A T SRR AT
THROE, FAERNCEETEE TP MR EREE. Bl &I,
BRERNMYEEENETE LIRS, BEaeEamER Lz
HOtFEEBHE FRYER. I, SRETRERESHAER
BN R R ERIENMSIR M T B,

BT RiEE, WMELBRERFMESRERRIZIR (155!
HRR) . SENT EERBERE, BRI TERERR
TKRZ, M M. O. Scully #i%; Z/aiEEriBEXE Shanhui
Fan ZiRRRAEH, ARBELIEMRIE. EENSEHIETE.
EFNF. R ESWEnBieis, ARoeess:
MR FFZERINCTFFPINCTFEREE. SCFRIR. S6FE
ELURSCFEIN, RSEFRMNNDFPHNDICTFRSE, BoerE
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BLRATESRTZEEMER,; BFEhnBTETY, B
FRFHFURBHN S EATEYIERAR, 155 5aIEEESE
Science, PRL, Optica. NC ZEFRAREITI A RIS 50 55,

BFERMPAFREL (BIC) b X537 Z 3 51 EE 1A 1

e, BEARF

BE: TERERPNFAEERISEIET TSR, Mk
HYCRRAVEZ BRI RANESBR, fISEEFFRS
HBRNSHFRE. FREIECFFRIBRMKE. EFFHEINE
SIS IRIRFEBHTIESEE. BA _ LEamsaEiRe
REEtEZ £, FTLASTEmEIMEST. BICREREtEHZ L,
BIRELFTIRER Q EWRREIE S FRIAFRTPIE, $HRIZH
SIRIZHIESMEST, TR RETIEIRRERY BIC MIETHRIX]
RERIFEY BIC iEbR A LRI SIREMMFIE /MBS IR, L0
FERER: ETIEIRRSE BIC {IETRIAXITRARIF BIC B9
FHEZIFSIRIRIKHNIER QES 5179 2.6x103 1 7.8x103, £E
AR LEERIRE T — N HER.

BN =, BEREAERENRBRENE, EEEZSTEMIZ
AKEBSIREEL BHEXFIENNARZEZREELIE.

FTEMRLODEAESCHRNATEREFEMF (integrated
metamaterials) . ZKFEFZF (nanophotonics) . EF3EF
% (quantum photonics) . EBHELGETSHRIGN (electromagnetic
nondestructive evaluation) £. 7£ Nature Photonics & 5
DT ARSI E R, FERFENFTESNE, SC BER
=515 150 &Rk, &3k IEEE Transactions on Antennas and

Propagation BF&RFEICIRER. |EEE RESERFSE M
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RREFRE, (FHHRIBERZEA (Co-Pl) 5T HIREEER
BARZEES (NSF) IMEHI=E ERHAINE.

Topological defects and non-Hermitian Dirac cone in
honeycomb Lattice

FEig, BFIBIAF (FRODR )

#&ZE: The honeycomb lattice was one of the most famous
structure for the studying of various topological physics,
for example, the Dirac cone in graphene, Valley Hall effect,
Haldane model and so on. In this talk, we show that,
by adding topological defects into honeycomb lattice
with sublattice symmetry breaking, there will generate a
lattice disclination that acts like a domain wall and hosts
topological edge states. Unlike previous topological
waveguides, the disclination forms an open arc and
functions as a free-form waveguide connecting a pair of
topological defects. Besides the topological defects, we
will also show the interesting phenomenon non-Hermitian
honeycomb lattice. Previous works have shown the Dirac
point or Weyl points will split into exceptional points or
exceptional rings when introducing the gain and loss.
Here we propose that these diabolic points can still exist
when a pair of symmetries preserved. The non-Hermitian
term then can behave as “strain engineering” , and tune

topological phase transition.

& 91 Wang Qiang received his Ph.D. Degree in School
of Physics, Nanjing University at 2017. Then he joined
Dielectric Superlattice Laboratory in Nanjing University as
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a Postdoc from 2017.10—2018.10. Now he is a Research
Fellow in Prof. Yidong Chong’ s group at Nanyang
Technological University since 2018.10. His research
interests include Topological and Non-Hermitian Photonics
and optical Metamaterials.
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RYKREE—IR, Kts. (KI0#E. (iR, INEMURIFREIEE S CET
220 F e 2 HBCE ST RIS IERERA, BHRS
ESEPIKRAIZ IR ARZ—,

& PUKFHEZ, £ Science, Nat. Photonics E=FAREAF
H&Z% SClieX 50 R, HARLUS—s@EIT{EE &R Science
1% (BHEXE). Nat. Photonics 1 f&s. Science Advances 1 fs.
Nat. Commun. 2 &. Light: Sci. & Appl. 17/, Optica 1.
=RXEANIEESI 8] 1% &5183. £ OFC. ECOC # CLEO 1
OSLiRE 13k, HAp 2 EH#E W9 Post-deadline 1832, 1%/
#TR OFC 2020 553 E (Top Score Paper), BB AIE “2019
FEFENCFETAHE" .
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BE: eRERFHTHEIURNE. LI CFEFERMZE
[TZBRE, TEHRIEFREE R AR EIEH S ARIARE,
S RERIEMEARR NG, KRS, B CEHRS. MR
AR SeBR SRRk ES A p IRl sk, Eim, #ERESANRE—
MEZENEROCTFFENZ—. EMRET, BIGRSETR
FRYRERIRRYSLFRGKEE LS, SNARR g, PRRERE R B ERM
R,

B KENR, BIR, BLERESHIN. 1998 FHERBAFAFR
HHE LS, 1999 5F -2002 F5 5w AR HEGFB T k.
BARBESBEAENEELEMAR. 2002 F 3 BERIEIE. *
ENERREBICESRESR. IFEMNIE. EFEFESE
S EBIFASR, 7 Phys. Rev. Lett.. Adv. Mater., Opt. Lett..
Appl. Phys. Lett. FZFAEAT EAFRIEN 160 K. SIREZRE
ARIZFTER (BFUTHRA) . REFFRERREERKREEBR
RHZEEIR .,

Novel photonic quantum CNOT gates on silicon chips
%, PEMAFRMAF

# = Integrated quantum photonics has attracted
intensive attention due to the compactness, scalability,
and stability. To build a universal quantum computer, an

essential early step is to realizing the so-called controlled-
NOT (CNOT) gate. We firstly propose and demonstrate a
super-compact integrated quantum CNOT gate on a silicon
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chip by using the idea of symmetry breaking of a 6-channel
waveguide superlattice. Then we demonstrate a compact
transverse-mode encoded quantum controlled-NOT
(CNQOT) gate. Our work offers the possibility of realizing
practical large-scale quantum information process and
paving the way to the applications across the fundamental
science and the quantum technologies.

m: EFEE B, B, L, STESP. 2001 F£F]
2006 FEFERZFRAKRZDIREFZTMNELTFM, 2012
FE 2013 FEXEZEAERARNE. —ENFEFLF. &
RICEMHMIEF R HEERAR, SEERIEEFZATHI L
(B2FE Science, Nature Communications, Light: Scicence &
Applications, Nano Lett., PRL, Optica %) &FIE/\TFRE,
SCI'B5|—F&RR, hEAF 23, EETRINEB 973 8E, EE&
EAMER#A, @L. FFEFNEHSZM. NiEBEHHEHTHTS
A SHFFTRHIRTFEIIFE.

REIFEENREFRAEMEERRBDMZDIMA
Bf§W, EBAF

e ELhrastARES, ARRGHNEIT RIS IEFITI8E
e EEES. Bit, ARTERESEES ERIAIREIF
GRS, BRAIRRAESIMBE B AIRALE
RIXRE. ETRENRED FHIARZMEIN RS EGRR KRR
IEER, FANRHTBEREEETFRNFERMLER, #Hil
KRET AESHEINENTIEIC ARG E, RN TIETERS
BIREERENERES REREMD BRIAIMM, ERELS E
RIS TEESSREYIR. BEERMIRES FRIGNEH. K
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2NN AT ERFERERAE, BRI AR R ER
WAKSRE, HE T 1ZAEREERANEFERIRHNINIE, HimEd
T BEERRIBIRTTEE.

B BEL, EEXEYERHE. ARXBEERESRE
B KFeEs. BieEF5F, BOTAREFREREIFLMS
JEERAR, FREN AT S RE DT FERMELR R A EERE
FEHRRIR (N5ER. REEBEXREAERR) , EXE
REAFZMEOEEMIEIS, BNRNAFHEEIE 7 RS IERIH
RKR. Z25BH PRL. PNAS, JACS EHF)&3R SCI 1832 50
R, ZETEEWE. CF. EYLURTESWH ZRE,
ftB511f 3000 )R, 72 BIF 2012 51 2014 FEANELEH "HIL
AT MEER "FHHCHFIATFRTR .
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BEl, RiFAF

BE: HFEREHSEITSRHSIETRI—HEEINGEN,
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., EENEMIEZE. WKITEUREEMGES BRA S HEHE
HRMHEZETIE. (FAMBRARAFETEREHREXREIL.

"8631tX" . ExXRBARIFEEE "NHEFRIFESR" &2
Inhy FAERHARINE. LAS— / BffFE & Light: Science &
Applications, Optica, Optics Letters E_+RmENE, K5
2019 FERKRARPARER (HFE2% 2) . HBEISO Eirtx
ENHLCEMRI SR ERSZR, BT (Coatings) #
{Optical Engineering) EEEFREE, RAEFR=IN “Frontiers
of Optical Coatings” E£f&, (GEBVESHFR) . (BUESE
BEFEHE) RE.

B FilhiS1a098 B &8 755 57
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WE: IFR, MNEHNS5EHEFEEFREIHEZEER
RIS, Fi BB FrEESTRIRGIEM. hRIEGTIRN
R OFAEENTEEMNSHERE, HMASSIARKE. NE
1t / et BB FES O RIRHE TEEE. ARENBLATHR
TE: (1) @A LRETCR KRS, daIRRT
RBEER FREETCRIKREBERIX—E, RNEXZINER
FERBERBFEERE, (2) BHEBFFRKIRE SMEETERY
BE/ER, SLILRLINEER Smith-Purcell 185¢, FHLIHESE
BElI&Z3 A0=240nm-1100nm B9, (3) BHEFS¥EZ:E
BB R EFFE=4ERIE Smith-Purcell $E5HYIRICTATRGE R,

B Xp, BEESH, BRXFEFR, FRR, 55
KiIFHE. 2008 FEMFEFEARFEFIRER (BLFM) |
VR REH, 2015 FERQIKIGAFEE, #©EEINMK
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FHRF D RZM. XMGELTEREEFSEHAIT (SPP) A5G
JEEE F =40 B HEE FAE5T s34 RO R o E EE S T el Fr i i
R B BB, £ Nature Photonics, Optica. Nanophotonics,

Photonics research, Scientific Reports & & &% SCl 18
N 40 R, SClih5] 800 FIX. {FAIBREAEE KW ER
. ExRERMAITHIIMBIRE. tRHERIEREEE.

Partial Leidenfrost Evaporation-Assisted Ultrasensitive
Surface-Enhanced Raman Spectroscopy in a Janus Water

DropLet on Hierarchical PLasmonic Micro/Nanostructures
Jiangtao Cheng, Virginia Tech (USA)

# 2. The conventional methods of creating
superhydrophobic surface-enhanced Raman spectroscopy
(SERS) devices are by conformally coating a nanolayer of
hydrophobic materials on micro/nanostructured plasmonic
substrates. However, the hydrophobic coating may partially
block hot spots and therefore compromise Raman signals
of analytes. Here, we report partial Leidenfrost evaporation-
assisted approach for ultrasensitive SERS detection of low-
concentration analytes in water droplets on hierarchical
plasmonic micro/nanostructures, which are fabricated
by implanting nanolaminated metal nanoantennas on
carbon nanotubes-decorated Si micropillar arrays. In
comparison with natural evaporation, partial Leidenfrost-
assisted evaporation on the hierarchical surfaces can
provide a levitating force to maintain the water-based
analyte droplet in the Cassie-Wenzel hybrid state, i.e., a
Janus droplet. By overcoming the diffusion limit in SERS
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measurements, the continuous shrinking circumferential
rim of the droplet, which is in the Cassie state, towards
the pinned central region of the droplet, which is in the
Wenzel state, results in a fast concentration of dilute
analyte molecules on a significantly reduced footprint
within several minutes. We demonstrated that a partial
Leidenfrost droplet on the hierarchical plasmonic surfaces
can reduce the final deposition footprint of analytes by
3-4 orders of magnitude and enable ultrasensitive SERS
detection of nanomolar analytes in an aqueous solution.
In particular, this type of hierarchical plasmonic surfaces
has densely packed intrinsic SERS-active hot spots that
give rise to SERS enhancement factors exceeding 107.
Partial Leidenfrost evaporation-assisted SERS sensing on
hierarchical plasmonic micro/nanostructures provides a fast
and ultrasensitive biochemical detection strategy without
the need for additional surface modifications and chemical
treatments.

@ 4v: Dr. Jiangtao Cheng received his Ph.D. degree in
Physics from Purdue University in 2002. He also has a M.S.
degree in Computer Science from Purdue University and a
B.S. degree in Applied Physics from Peking University. Prior
to joining the Department of Mechanical Engineering at
Virginia Tech in 2015 as Associate Professor, Dr. Cheng was
a research associate at the Pennsylvania State University
and a research scientist at Teledyne Scientific Company
(formerly Rockwell Science Center). He has served as the
principal investigator of several research projects funded
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by DOE, NASA, DARPA and NSF respectively. He has
authored/co-authored more than 70 papers in journals
and proceedings of conferences. Dr. Cheng has been on
the editorial boards of four international journals. He
has won numerous awards during his career including
five times of Best Paper/Best Poster Awards in various
international conferences and 2013 Outstanding Overseas
Young Scholar Award from China NSF. In 2010, Dr.
Cheng’ s project “Optofluidic Solar Concentrators” was
announced by the U.S. Department of Energy as one of the

“six transformational energy research and development
projects that could revolutionize how the country uses,
stores, and produces energy” . In 2019, Dr. Cheng was
elected as Virginia Tech Engineering Faculty Fellow. He has
extensive experience in renewable energy, optofluidics,
thermal-fluid sciences, micro/nano-fluidics, multiphase
fluid flow, nano-fabrications and CFD numerical simulation.
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Optical pulling at macroscopic distances
=EIE, MAMRAF

& = Light-induced Lorentz force can push or “trap”
(confining) nanometer to micrometer sized particles. Such
"optical tweezers” technique was awarded the 2018

Nobel Prize in Physics. In 2011, we theoretically proposed
a completely unexpected third function, now called optical
pulling or optical tractor beam. It offers the ability to
pull particle against light propagation. It has attracted
significant interest, not just from the scientific community,
but also the general public. Yet, its limited microscopic
range restricts its applicability: a long-ranged beam cannot
pull.

Recently, by using a cocktail of independent yet compatible
mechanisms, we proposed a novel way to achieve optical
pulling for a macroscopic range. Further development of
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the technique suggests that pulling range may in principle
reach tens or even hundreds of meters.

@ 9t Jack Ng graduated from the Hong Kong University
of Science and Technology (HKUST) with B.Sc. and Ph.D.
degrees. He then proceeded with his postdoctoral work
with his Ph.D. supervisor Prof. Che-Ting Chan, and he
became a Research Assistant Professor of HKUST in 2010.
He joined the Hong Kong Baptist University as an Assistant
Professor on 2012. In September 2019, he joined the
Southern University of Science and Technology (SUSTech),
where he works until now.

He has published ~40 journal papers in internationally
recognized journals, including Nature Photonics, Science
Advances, Physical Review Letters, etc. His research
is focused on classical optics, which includes optical
micromanipulation, metamaterials, photonics, etc.

PLasmonic photothermal effect for modulation and imaging
BRI, pEFF IR R PR

&2 . Plasmonic nanostructures can be used as nanoscale
heat sources under light illumination. The heat generation
leads to the increase of local temperature and thus the

change of permittivities of both plasmonic metals and
surrounding dielectric media due to the thermo-optic
effect. In this talk, | will present our research on using the
photothermal properties of silver nanowires to modulate
propagating surface plasmons and using gold nanorods
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with tunable surface plasmon resonances to demonstrate
resonant scattering enhanced photothermal imaging.
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BERHE. SERUNREMEREE, RIIFIAE Q NS HEHMERNED
7188 B BUSEZIBR (SU-8) HIEHXMIES BT RE, HEs QEAT 105, %
(ERESERER RN PR P MIERER D FIFER N A RREKEH
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SRR PRIAZE] 9 ag/mL (0.06 aM) , SCFRNESTESN 14 MIER, XEIT
RCHEFEM D AR N ERRRIKTE. 1% (& RES NI ERIREYIATHR
e RGO MIR A 7 —F) e TR AR L

OFOSEP-20Z0-000006

€8 75 B XX i £8 14 Tl ¥4 B9 iR it 5 [ F3

BERF

1. Big A%

EHI RS A LSRRI SYREE/ER. N TEREE SN
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PolLarimetric multilongitudinal-mode fiber Laser
sensor for strain, temperature and fiber birefringence
measurement

Xiujuan Yu”

Heilongjiang University

In this paper, we proposed a multi-parameter sensing system based on a

polarimetric multilongitudinal-mode fiber laser sensor and beat frequency
signal interrogation technique. The polarimetric fiber laser consists two
fiber Bragg gratings and a piece of Erbium-doped-fiber. Since the fiber
has intrinsic birefringence, two kinds of beat frequency signals exist in the
fiber laser: longitudinal mode beat frequency and polarization mode beat
frequency signals. These two types of beat frequency signals show different
response characteristic to external perturbations, so the polarimetric fiber
laser can distinguish simultaneously the change of strain, temperature
and the strain induced fiber birefringence change. We theoretically
analyzed the principle for measurement of temperature, strain and fiber
birefringence, and experimentally studied the sensing performance of
temperature, strain and fiber birefringence. The proposed multi-parameter
sensing system just consists a polarimetric fiber laser sensor and a beat
frequency demodulation equipment, so it shows the advantages of simple
structure, portability, high sensitivity, and low cost.
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Multifrequency superscattering with high O factors from
a deep-subwavelength spoof pLasmonic structure

RERF

RMBIARF

Superscattering is usually described as a scattering cross-section,

induced by degenerate resonances, that exceeds the single-channel limit
of a subwavelength scatterer. It has important applications in sensing,
bioimaging, and emissions amplification. The quality factor (Q factor)
of superscattering plays a significant role in the performance of these
practical applications, yet it has not been extensively investigated. Here, we
used a spoof plasmonic spiral structure on a deep-subwavelength scale to
achieve multifrequency superscattering with a high Q factor.

OFOSEP-20z0-000007
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MXenes BiTEEBRENSYIX—EME " HERREEIER. T/LFEREN
FEERE. ARERENSIRRIL T EXBNNEE . A, MXenes HHXAIZK
FHFFHRRPETEELSMNER., ASGRE T #HE MXene Nb2C BYZETSEIRIELL I
FIR, B, REAEREUERZIMONERSEDE Nb2C, FRFAFCFRIE
19FRFT MAX 18828 Al R 7289 ERRFIDE MXene #1189 IDHIE.
BEIEEAISRAFFFL Z-scan BARAR T Nb2C gk FRVFFEMEIRIIERR, Nb2C 44
KA BAEG M e FNa N R H B R AR K FIYGRAVER M, =MIEE e FE R
REEER Imx(3) FlmEREF (FOM) 3579 -1.41x10-10 esu 0 7.5x10-12 esu
cm, LtAh, MZRET Nb2C 49K FEIRLI Mg AT ELL RIS R S 58451, 1
<9 400 — 1200 nm AYRILAEFORBRRAL, IR/ 1500 — 1600 nm Ay
RIMPHIRIEINL, &5 Nb2C BEFEIIFIESIFE M F MRS, FKRI1BX
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Non-Hermitian Aharonov-Bohm cages in coupled
waveguides

WRg 7 SREE

HXTEAZE

Topological phases and synthetic magnetic fields are important topics in
recent studies of photonics. For certain geometries and specific values
of transverse magnetic fields, the system spectra become completely flat
and the waves are completely localized due to destructive interference
between different propagation paths. This Aharonov-Bohm (AB) caging
phenomenon is theoretically and experimentally demonstrated in
Hermitian coupled waveguides in very recent works. Here, we present an
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optical design of non-Hermitian AB cages by utilizing rhombic waveguide
arrays with both real and imaginary couplings.By finely tuning the
couplings in the rhombic waveguide arrays, the effective i flux can be
generated and the flat bands of third-order EPs are realized. As the bulk
spectra coalesce into a single base point, it is difficult to directly define
the topological invariants of the system. We show the elusive topological
aspects of the model are revealed by taking the square of the Hamiltonian,
which corresponds to an anti-PT symmetric array with imaginary coupling.
The wave dynamics of both bulk and edge modes is also discussed in
detail.
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Enhancement in Figure of Merit of Silver-Gold Bimetallic
Surface PLasmon Resonance Sensar

Yan Huang" ?; Peiyan Li'; Chengxiang Wang'; Zheli Yao'; Guohui
Lyu'?; Hongwei Li"*

1. College of ELectraonic Engineering, Heilongjiang University;
Z. College of ElLectronic Engineering, Research Center for Fiber
Optic Sensing Technology National Local Joint Engineering,
Heilongjiang University

In this work, a high figure of merit (FOM) surface plasmon resonance (SPR)

with bimetallic layer (Au/Ag) based on wavelength and angular combined
interrogations approach is presented. To further addition the performance
of the SPR sensor, the sum of the minimum reflectivity (Rmin) is calculated
with the refractive index interval of 0.004 as a step from 1.33 to 1.37 at
first. Then, the performance of the sensor is analyzed for varying silver-
gold thickness. Our simulations indicate that the proposed configuration
for Kretschmann’ s SPR sensor should be silver (48nm)-gold (1Tnm) for
achieving the best FOM (about 150 RIU-1).
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Comparison of trapping Rayleigh particles using focused
canonical vortex beam and noncanonical vortex beam

SWE; g " ; Big

BAREBFHRAFNESKBIRFR

We numerically simulate the trapping properties of Rayleigh particles by
using focused canonical vortex beam and noncanonical vortex beam. The
effects of topological charge and phase distribution of optical vortex on
trapping Rayleigh particles are discussed. The results show that when an
optical vortex takes different values of topological charge, the focused
canonical vortex beam has similar trapping properties of Rayleigh particles:
the low refractive index particles can be trapped in two dimensions at
the focal point, and the high refractive index particles can be fully stably
trapped at a ring of the focal plane. However, when focused noncanonical
vortex beam is used to trap Rayleigh particles, for different values of
topological charge, the low refractive index particles can be trapped in two
dimensions or three dimensions in the focal plane, and the high refractive
index particles can be fully stably trapped at several points of the focal
plane. Therefore, it can adjust the trapping regions and the trapping
stability of Rayleigh particles by changing the topologically charge and
phase distribution of optical vortex.
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The effect of shell thickness on pLasmonic behaviors of
Ag@MoSZ core-shell nanoparticles

Zhang Hao"?'; Li Dongxian“?; Zhang Yanyan"*

1.Henan Agricultural University; Z. Henan International Joint
Laboratory of Laser Technology in Agriculture Sciences

Plasmonic core-shell nanoparticles (CSNPs) have been extensively used as
SERS active-substrates because their localized surface plasmonic resonance
(LSPR) properties and thus the surface enhanced Raman scattering (SERS)
activities can be regulated by changing the shell thickness. In this work,
we selected Ag@MoS2 CSNPs with 40 nm radius of Ag as core and varied
thickness of MoS2 as shell to investigate the shell-dependent plasmonic
behaviors including LSPR and SERS by using 3D finite difference time
domain (FDTD) simulations. The LSPR peak of Ag@MoS2 CSNPs shows a
broad red-shifting with an increasing shell thickness from 0 nm to 40 nm,
giving rise to that the LSPR peak tunes from visible region (385 nm) to near
infrared (NIR) region (1100 nm). The SERS activity of Ag@MoS2 CSNPs,
represented by the enhancement of local electrical field (EM), can also be
modulated by changing the shell thickness, and the optimal enhancement
factor (EF) under 633 nm laser excitation is determined to be 6.5x107
when the shell thickness is 2 nm. The wide-range LSPR tunability of Ag@
MoS2 CSNPs provide enormous potential for NIR SERS application and
enhanced photocatalytic activity.
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Lateral optical forces on two chiral nanospheres in plane
waves of Linear polarization

BRE"; KERZ'; BFE'; HDIE°; BES Y

1. FrOFRAFEBRSERIRFR; 2. EBAFMBFEZEAEXEDNIEES
BoRiEE

Based on the Maxwell stress tensor method and the full wave simulations,

we show that a lateral optical force (LOF) can be induced on a pair of
spherical nanoparticles with different chiral combinations under the
illumination of plane waves with the linear polarization either parallel or
normal to the axis of the two nanospheres. It is demonstrated that the
LOF can appear on each particle in the direction perpendicular to the
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particles' axis and the light propagation when either one or two particles
have the chirality. Such an LOF can be tailored by both the magnitude
and handedness of the particle chirality as well as the incident linear
polarizations. Using the analytical expression of optical forces based on
the dipole approximation, the physical origin of the LOF can be traced to
many channels, including the gradient force, the radiation force, the curl
force, and the spin force due to the inter-particle interaction mediated by
the light. Our results might find applications in chiral discrimination such
as chiral molecular and biological cells.
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Absorption and reflection properties of ZnO:AL random
rough surface grating on thin film siLlicon solar cell front

elLectrode
Liu Renchen”

S WA F 18 F R

Effect of the aluminum-doped zinc oxide (AZQO) sine grating with a
random surface on the absorption and reflectivity of thin film silicon solar
cell front electrode was discussed. The random surface expressed with
Correlation length (Cor_I) and Average height (Ave h) was superimposed
on the AZO sine grating with 980 nm period and 160 nm groove height.
Random surface AZO grating was used the front electrode of thin film
silicon solar cell with 1000 nm silicon absorption layer thickness. Results
showed that influence of Cor_| on the reflectivity was smaller than that
of Ave_h. In the range of Cor 1 0.011~0.015, high specular reflection
occurred in the range of Ave h 0.2-0.8. Diffuse reflectance decreased with
the increase of Ave h. Results of solar cell absorption showed that when
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Cor_ | was 0.01, thin film silicon solar cell with Ave_h in the range of 0.2 ~
0.8 had strong absorption at 440 ~ 500 nm, 575 ~ 710 nm, 740 ~ 755 nm
and 795 ~ 815 nm wavelength band. The absorption in the 500 ~ 575 nm
range increased with the increase of Ave h. It was suggested that as front
electrode, random surface AZO grating with smaller Cor_| and larger Ave
h could suppress reflection.
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Two kinds of corner states in a higher-order photonic

topological insulator
FHE
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Because of their excellent properties, topological insulators have attracted
great attention. In particular, higher-order topological insulators, which go
beyond the conventional bulk-boundary correspondence, have become
a hot research topic in recent years. However, in the photonic system, the
research on corner states of higher-order topological phase is still limited,
and needs to be in-depth. In order to further explore the various corner
states, we propose a two-dimensional seconder-order topological photonic
crystal based on C4 symmetric lattice. We show that this kind of photonic
crystal can produce two different modes of corner states in two different
regions, and compare their evolution sources. The multi-region corner
states presented in this paper provide a new correspondence of bulk-
corner-edge-corner-bulk in a hierarchy of dimensions, which points out
the direction for the diversified development of corner states in photonic
systems. In addition, we verify the distribution of the two kinds of corner
states with the change of structure, which paves the way for on demand
control of corner states.
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