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Fig. 1. Typical examples of flatband lattices: (a) Quasi-one-dimensional (1D) rhombic lattice; (b) Lieb lattice; (¢) Kagome lattice;

(d) super-honeycomb lattice (sHCL). Compact localized states (CLSs) are depicted as colored sites, where zero amplitudes are de-

noted by gray color, and those with non-zero amplitudes of opposite phase are denoted by red and blue colors.
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Fig. 2. Examples of photonic flatband structures: (a) Kagome lattice for terahertz spoof plasmons, displaying an omnidirectional

minimum in the transmission at the flatband frequency (dashed line) in the right panel®); (b) experimental setup exposing the zero-

refractive-index all-dielectric metamaterials with a square lattice to realize cloaking inside a channel with the Dirac point, and the

right panel shows corresponding three-dimensional dispersion diagrams consisting of a Dirac cone and a flatband®; (c) structured

microcavity forming a 1D stub lattice and its photoluminescence spectrum, revealing a flatband in the middlel®!,
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Fig. 3. Examples of femtosecond laser-writing flatband photonic lattices: (a) A photonic Lieb lattice for demonstration of flatband

compact localized states%®l; (b) a photonic Kagome lattice established for demonstration of topological corner statesl®; (c) a

67,68]

driven photonic rthombic lattice for experimental observation of Aharonov-Bohm cages! .
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Fig. 4. Examples of photonic lattices created by multiple-beam optical induction method® 33, Top panel shows schematic of experi-
mental setup. PBS, polarized beam splitter; SBN, strontium barium niobite. Bottom panel shows typical examples of photonic lat-

tices realized in experiment: (a) A “perfect” honeycomb lattice; (b) an inversion-symmetry-breaking honeycomb lattice; (c¢) a vor-

tex lattice; (d) a Kagome lattice.
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Fig. 5. Examples of photonic lattices created by direct cw-laser-writing technique in a nonlinear bulk crystal. Top panel shows illus-
tration of experimental setup. SLM, spatial light modulator; BS, beam splitter; FM, Fourier mask. Bottom panel shows typical ex-
amples of photonic lattices created by direct cw-laser-writing method: (a) A photonic Lieb lattice with “bearded” edgesP; (b) a
photonic Kagome lattice with flat boundary®; (c) a photonic sHCLFY; (d) a driven photonic rhombic lattice with refractive index
gradient parallel to the ribbonl®?.
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Fig. 6. Experimental results of CLSs in flatband lattices: (a) Linear image (formed by CLSs) propagation through an optically in-
duced Lieb photonic latticel®; (b) a bound-state transmission in a Kagome photonic latticel!; (c) observation of a quincunx-shaped
(U = 2) compact localized state which spans over two-unit cells in a photonic rhombic latticel”?. From left to right: shown are the
lattices, calculated band structures in the tight-binding approximation, probe beam inputs, and their in-phase and out-of-phase
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154207-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 15 (2020)

154207

TS, P Jey sl ek i %, RN AE At S T
REIBAR - B OR4r Sy 3. T S 4R Bir A7 A5 W] AH A2
BF, 7 ST DU R IR B AT S 4 IR W
S e G AL i 7 T EA YRR B I HH T

SR, Kagome Y65 S i Ao o5t B
TP R . Z AR ] LR U SR A5 5 U R
(sandglass) Z5HHE I, HEREAT 454 v [ RE AL 4G 2K L
T 4fE 5 4 . 2013 4F, Vicencio 11 Johansson!'02
FIS TS T AEZPE Kagome flif A Y i Sy P+
MIFETE. BEIS , TEIE5H0 Hh BRIE UE SE A1 H P-4 v] 52
PRTCATT 5 PG A% i 1031, 2016 45, Zong %5 104 F
ZHRTHHSH T ERE T Kagome ‘it 4514,
IFE USR] T Rl AR, L4 R an &l 6(b)
JiR . T RS IE S B Z AT AR S R G AR
K, SRR AT LAE R, h P 137 B R s = i)
BRI A 2 ks NS AT AR SR il . (7]
R, TEIRES TR 24Pl AERSE U & il
PLSE B TCAT 5 ) G A& 5, i H. Kagome SR Y
SRR SE SR A5, R TR IR 50H B
AR MG T i

IR, S 5AMA A EAE LRI AZ 2 T
. ANHVE R 0 R B 1 228 0 P B AL
INF . G AN F STy 248 kA (1051101 Sy B - 55 0 A
PR (Landau-Zener Bloch oscillations)[!!112
A S wE3E I Aharonov-Bohm & i 67681, 7£3X
SR AR AE— A EE A A HR ) SN INRG)
T, e K AR R W] 22 B B9 ? Mukherjee
F1 Thomson™*) WF5E K B, ARG /E T ) — 4k 22
T 4544 1~ Jay s 22 8 19 . Khomeriki A1
Flach!" #HE A 57 3 B2 Jm A NE A R S i i
Y 500 T RIFE L RE RS E A 7E. 1T Kolovsky
X4 dice fnig IR R B, ZEAMMZ/E T 3
PR B 1 SR A A R RO T 2 L
AT LLVE B, AHOCH D BEAL TSR AN I i/ D S 5
UESE. R T s A ), Xia 55 92 DL—4E22 045
PR, AERE 508 b T AR A K T
J7 T T 5 238 B 1 S d A P SOHARE AR S
ARk, I HEIRAESCE LT U = 2 iRk
ANERS. bR b, —4E22 T 5 i e 2
PR GRS 2] 1T iz )i L1810 X g, 45 197
FIHESLHOCE A0 X, s 3ot
FEXTCRR 2 1T HAA YT i R0 B — 4 I R
W51, SEEREE AN 6(c) iR, BLI B4 5 5 B

AR AN B . FEBAKEI 0 (2
[n]) AR BERT, 2RI E5 A A B e b oh BL 2 ZR -1 o
PPy (Wannier-stark ladders) BIIE A, (HFH A%
TERL R A 5 R B 1(a) B, ZETE B 7 ]
(y J5 1)) AR BERT, B A BRAT I HVf e i AR 4
PYORFE. T E A, P ARt & 2 TR
ARWUAS: U = 1 R =% 28 R 5 s A
JFRER U = 2985 seAh, S y 77 M3 w2
FEG I, Pl B A A% i i) 2 v L R A5 DR Ry J8K
FE o 7 AT R AR, AR &
T2 RGE W ANEARL X B it 2 P RB A R 37 R Bk,
SR HAE 2l i 25 (W) g 1 4041 20 R BN R I PEAR
B

5 Lieb 5% 5 A fA% o 3 W Aoy
SR

FHF R G Z A LA RE RS SRR B R Y Ry AR A
B BT A0 I R I oA 5 8] 1 AH AT DL AR
PR Y 72 U7 I et 51 . Bergman &5 6 4R 45 F
SRy AR 25 A M o B G AT 40 2R BT L
h, — R gt A [ R HE Y e Bl =8 1 7 0T
PIAIER, 3R Ry UAEAR X 2 (]2 AR B sy B
AT DLE o s RS R KR TE— . R AR
BHES R A MEAR S RE A T WP 1 e A 4, W
WRAE X AN TERER, e s AR M
JAEY. T Bergman 45 6 fUESHE H, X EER) BB R
AR A B BB G 58 28 P A 2. 2R
BB A3 TLAAT “BHAE” AR S S A v, S T Bl i 2 )5
R — LB RN 3 & AL 5 A HCH 38 X (band-
crossing) @i filt (band-touching), 38 X i 8% #
fid 5 420 1 BB TR I 12 2R G R B HES ) 1Y S
ANEA A TS, W UL, A — S R
YA RAG A Y 78 55 4, R R B — e
WP A S A TR PR TH AR T R 48 B AR,
K H T RG2S B FMEE. A AR FREAR]
DARAESE 25 [ i F A MRePE, A ZE BRI A T EN AT
RIIE S ARG o 3% 22 1) IE AR AL K8 ey B
K, WANHE R F A R e s X e M B D Ak
IXAREEH IR F i 8 5 Bl B B) A1 4 fh
ARG, 2 30as AR MRS, W2 DX A 1Y REAY
FE Al AN BE R IR 25 BR, BRAEGALRE Pl IR, A
A R4 ML SRR R A 258 (winding), Fr

154207-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020) 154207

PLIX L #h D OR B R 7 55 5 R AN 2 B e 45 T
Rhim F1 Yang!"'®) #3 §z 422 ikl o5 40 04 B itk — 2081
W By S 5 iR R0, AR RE AP
AIFETE S P A AT BR 0 A S a0 8. X9k
A7 AT, B R AR NE AR BB 1 5E R 1 -
A, AT 48 S 17 P, R s A
SEAT Y. — BLRTIF RS LA R B, T T RE AR A
A [ B AT — AT PR BREL. X FAS AT 46 24
TE 20 7 14 55 2% ] 0 5 A1 08 I o B0 B i
FIEZTE =2 NEi
ARG SIS FAFAE T ICRR I ik
TESCH FRARTRESCINRY, PPy Se a5 (A 4h F M
Fide i DS, AHOCH SE it 5 I R4 /b Bl ko
R, ANA] RGP A T HA Rk A A
PRS0 dit ks P, RIS AR T30 L SO A =0 HL
T 2 Pl A A T AR 1 252, 2018 4F, Xia 5 5
WSO H S HORHIE T Lieb St f&IF 5

@ | &

| | (b1)

.1 *® 09020 08O

I I
v I_._O_ 1

0 0,0 ©
o o}
0g o°

o o e
(e} O, 00|
[ ] Fo) o OOO o R
[ ] (@]
o} (o] (@]
@ OOO OOO OO
0 [e] (o]
o] (@] o =
00 0507 0,0" "Supy®r
- pes s oS

8 A

O O0O"e® O

o] Je]

o0

00
000

00,070

000
[o}e]
®0

00

0%0,.0%

000
000
[oX Je]

o O

UAESEIGARGE T AR H ML W&l 7(a)
JIi 7, Lieb Y6 A B8 Jmy A AR 20 22 [A] S 4%
PEAST I HORBEIE 8 2 P, BRI ZEA
A RAEAE BS54 ety 3 A~ F4f7 . Lieb
OGS A — O ] A S (R PP OB A i
g, BRI HESEOEE Ay U T HAT A
ARAFHY Lieb SGF dhds (K 5(a)). M5 24>
o 30T G 1 LB SRR A 5 4 (A0 Y A B 31
RN (E 7(b1)). WA MASFEAERT, FRIDEA A 81
AL T 18 EATEE (B 7(b2)). A fs Ve, A
SR R BB S AR L Ml OR AR JRy 3l T AN 7 AR AT S 2K
N (B 7(b3)). VE AT E, B ARSI 2l o ]
AT, AT LA S AE H 5 T DN 6 2R B 25 1L
RESHIER (1 7(c3)), BNFERHEA B4R IT I G .
WEBIE, FAHA 5 AN A G B HAT 78 2R ]
BT e B oA . SRR, A3 BE B0 A 76 A L
THIX 35 (B 7(b5)), 1Z s B R g 58 R &,

(c1)
- > o o ® o9 ® o9

Bl 7 Lieb 5% ¥ 556 F Gk bk W B IE P B A S0 85 51 009 (a), (d) W MBIE P R B R R B, b A
(A) F TR E R REH S5 15 (b1), (e1) ARG A S BRI G, (b2), (€2) To MM I B 15 (b3), (e3) A AR IS A HL; (b4), (ed) KHE
B AL I BUE RIS R 1B (c1)— (c4) SEAXT R (b1)— (bd), R 45 [ AE A7 A GT B A 25 55 18] (£1)— (£4) X (e1)— (ed), {H
S BRI S [ A LA B9 25 5L 5 (b5), (cB) SXF R (b3), (c3) MY k45 (R RE TS, ME R HE 55 — 15 HL UK X 01 22t (e5) S Xd R F &l (e3) 1

k23 (A RE Rk A, He AP R R AE R 3 — 558 A LK X 7

Fig. 7. Demonstration of unconventional line state in photonic Lieb and super-honeycomb lattices®?!: (a), (d) Schematic of flat-
band line states in infinite lattices, and insect in (d) shows the band structure of sHCL; (bl), (el) out-of-phase input line beam;
(b2), (e2) out-of-phase output without the lattice; (b3), (e3) out-of-phase output through the lattice; (b4), (e4) simulation results
showing the out-of-phase line beam remains intact but the in-phase line deteriorates after propagating a long distance through the
lattice; (b5) measured k-space spectrum of (b3) with a dashed square marking the first Brillouin zone (BZ); (c1)—(c5) the same as in
(b1)—(b5), and (f1)—(f4) the same as in (el)—(e4) except that the line beam is in in-phase excitation condition; (e5) momentum

space spectrum of (e3), where the white dashed lines outline the first and second BZs.
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Fig. 8. (a) Illustration of the noncontractible loop states (NLSs) in an infinitely extended Kagome lattice; (b) a torus showing two
NLSs mimicking the 2D infinite lattice; (¢) two robust boundary modes (RBMs) in a Kagome lattice with flat cutting edges, where
black sites are of zero-amplitude, while blue and red ones distinguish non-zero sites with opposite phase; (d) schematic diagram of
the Corbino-shaped Kagome lattice, where the NLS is illustrated by the orange circle; (e) from left to right (el), (e3) experimental
results of RBM1 and RBM2 under out-of-phase condition; (e2), (e4) simulation result corresponding to (el) and (e3); (f1) experi-
mentally established finite-sized Kagome lattice in a Corbino-geometry; (f2) — (f4) the NLS observed in (f2) experiment and (f3)
simulations after propagation to 10 mm and (f4) 40 mm under out-of-phase condition. All insets are from input ring necklace of the

probe beam. In-phase excitation destroys all localized states!*’).
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Novel phenomena in flatband photonic structures: from
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Abstract

In recent years, flatband systems have aroused considerable interest in different branches of physics, from
condensed-matter physics to engineered flatband structures such as in ultracold atoms, various metamaterials,
electronic materials, and photonic waveguide arrays. Flatband localization, as an important phenomenon in
solid state physics, is of broad interest in the exploration of many fundamental physics of many-body systems.
We briefly review the recent experimental advances in light localization in engineered flatband lattices, with the
emphasis on the optical induction technique of various photonic lattices and unconventional flatband states.
The photonic lattices, established by various optical induction techniques, include quasi-one-dimensional
diamond lattices and two-dimensional super-honeycomb, Lieb and Kagome lattices. Nontrivial flatband line
states, independent of linear superpositions of conventional compact localized states, are demonstrated in
photonic Lieb and super-honeycomb lattices, and they can be considered as an indirect illustration of the non-
contractible loop states. Furthermore, we discuss alternative approaches to directly observing the non-
contractible loop states in photonic Kagome lattices. These robust loop states are direct manifestation of real-
space topology in such flatband systems. In this paper we do not intend to comprehensively account the vast
flatband literature, but we briefly review the relevant work on photonic lattices mainly from our group. We
hope that the mentioned concepts and techniques can be further explored and developed for subsequent
applications in other structured photonic media such as photonic crystals, metamaterials, and other synthetic

nanophotonic materials.

Keywords: photonic microstructure, flatband, localized states, real-space topology, noncontractible loop

states
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