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TRk A8 SR, ORI SR T g {5 B s n AR
FEPERNGERENE . — ORI, MR RS TR T I [A] Sz 8
XFRYE (time-reversal symmetry), ¥HfMt o £ 5
R EH T2~ (reciprocal topological pho-
tonics)?* % FEH 5 i FME 7% (non-reciprocal
topological photonics)P0 23, /i & (14 FhPE R £ 2
FH e /45 WREBGHA , J5 38 I MR BT 32 22 FH R
(Chern number) /Bt (Chern vector) ffiif. T
TSGR BN RIS i (RIPRED) BEA&. BT
L1 R IR F N AR 1 BOR T 2OK BE G LA R (9 T
ARET, TOC TR FR T, Hah A Bk T R
PUR A el AL R DTk, 7R B, BRECH DUA
% (Berry curvature) 7E A i LR 5459);

2, (k) = Vi x A, (k), (1)
Cp = —% ﬁBZQn (k)d*k, C,€Z, (2

Herp, A (k) = (un g iV un, ) 2 DURER S (Berry
connection), wun x N n 2KAEW PR kAL B ATE
AL WIR ARG EA WA RO R, IR 4R
A DURI R0 1L 02, (k) = — 020 (—k) ; S,
R—NRG AR B FRME (inversion symme-
try), I AREAT A DURI 2R 2 2, (k) = 2.(—F).
TE 8] RO R FRERAE T, DIAIHAROC TR k2 ay
PRI 625 [A] SO ARV E T, DA 30 TR
ko2 ek g P, 24— RG] i) HA i (8] S i
S (] S5 5K P Ap T B PR RS, JHC DRI i 3 e A A
BN EALAE N B N E . B MG T
7 E BT HAT I R] SO X BRI B NG
S50, HAFMR RO b R iR 1Y 25 R BRI LR, 26
oL T EER Y L b 1Y 5 H R R RN A A7
BEIREON, PRI BT R R MR AR AR s, R
X R R B R A A B SR MR VR R AR, ™
& R IR MR ) 5 S A1) TR ) S5 T80 A e il ke
ARG (AL E PR SR AA) Sk S B, Tk Hhil
TS TS (0 B ) B AL R A S AT AT TC | Bk
B RELDI A | &R SRS YR, A R 14t
THLRESs. ik, AEE G R EC T A iR T b A
FEEPEMB R AR B Yt a2 A &
SRS AN, TEBESRAS YRR R R B R] S v
X BRI — R Ry RIS, A B, TE 28 LA 3 v U mp
DAAERT 25 B 1308 320 X 52,50 A0 AR A R AR 458 it o i
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THAAERT YRR R P R A 2

YR E S N R KB TR
BrBe. o 1 BB B TP E AR B G G T
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SRIETE ARG T SR TR S T 4B R
Y1 2 {& (Chern insulator) M HF M b F 3,
MHESE 1O BEl Al BAT IR RO 2 44
{430 % 1 5 & (bulk-edge correspondence). 7E
H 4k SR AR ) 1 — - D A b Y
Y Hy W53 A7 1), ARUFNRG b i 2k A R LA ok o
ARG T2, (3) 2 AR XS M TRk Sk T A i
TR AR 1900:

= | i g 0 | (3)
0 0 He
. Wi (wo + 1aw) WynW
Hom [(wo + iaw)® — w?]’ (wo +iaw)? —w?’

pe =1, H o HHJEREL, wo = povHo, wm =
poyMs, v = 1.759 x 10'* C/kg, poHo NAMNINKE;
HYSREE, M AR AL AR B, JEXF M I Y e R
ST AN B RE J7I. thT AEG e R
SRR FIME BT H AR BB A BRI IR, AR 1A -
ISR, WA B AN R ARG T R S5 22
S EAFAEE SZ MR TP RS HHEH
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5 2 B FEEO) T AR E S NG
et — DR R =4k M T 4 A B S NG
%, ZHEHEE RN BA A A, 5
—, BB S BN+ & BB AR A M, RGPS R
P48 (magnetic Weyl semimetal )[43:49:5052 | = #ff [
4 K (three dimensional Chern insulator)®* 4751
MR FEEF (topological one-way fiber) LA K il
TFAULGAR (axion insulator)®) 48; 58— = 4E4EH
Gy F NG G5 SCRE = A T AR s o) vh 4 TR
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hinge states) HJ &AL . AT JEA, RRAE 1%
i A A AR T HA B AL i s i A R4
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2 ZHFEZHEHNTF

T G N EF TR PR CEEBRA AR | R
T dmiAk | TR (magneto-optic photonic
crystals) BEREE T Sh R (gyromagnetic photonic
crystals), 3X — & H it DUR Py B2 ARG
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e, e TAEE G NG R R s
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(i) S O AR, A A R BAT R A RERL, T
PR B R R F N B, 2008 4F, R B
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FLESEMEUM N 1, 2, -3, 4 WTIER RS G
2 SR A5 R AT, T RS A O A A
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IS LR, A e s R MO T R AR
A, B AT L3 S 0 AR s 1) 68 A G
T30 AW U AR 8 A -4 i AR ] — AT
Il e, X PP IR FRAE S TP 38 (antichiral
edge states). )5, HLFRHE K2 Zhou 55 67 FEfK
PP BRI IE T X —AF g, WLE) T 4anfEl 1(e)
P i) S - S W B B . Fdb s Tl Bt
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H oM AR BT B, SR, PR Tl
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FE T 11 1 10 A A R T A E ALK, [R) s i R
MG T R 23 AR 2R . 2021 45, FF ik Bl K2
Wang 55 08 R HEE B G ik 55+
A A BRI S ST 2 ), LS RSB b S T
P 1(£) B PR THIRR B o) 65 Tk 0 A A A 4. B
J&i, e BT K 2% Chen A1 Lil%% BT 5% it Haldane
BERIAE — e 6 iR S TR B | K
L L RS R R AR SR e, anlE] 1(g) P
N, RIAFREN FSFREAMUEE TAEE S0
FMEF IR N ES, 1 E AR KT L &
D RGN HE B S TN A R T R
VES

WAy ik — 20 G R AR N LS B F MR R
— E RN ETF A LSR W EEEE H bR, XTHTVER
SRR AN SR TR N AR A B2 ). 2021 4F,
18 BB T 22 B¢ Zhang %5 10 5L T4k H 5§
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Fig. 1. (a) Band diagram with Dirac point??; (b) diagram of the experimental setup of two-dimensional optical Chern insulator and
the distribution of one-way and robust mode fields of chiral edge states®; (c) two-dimensional honeycomb lattice magnetic photon-
ic crystal experimental sample map and its self-constrained chiral edge state mode field distribution!*”); (d) the dispersion of chiral
edge states with different Chen numbers!?; (e) field distribution of the Antichiral edge states®; (f) field distribution of topological
unidirectional large area waveguide®; (g) field distribution of topological chiral bulk states®; (h) phase transition diagrams of an-
omalous Floquet topological and Chen insulators/™); (i) diagram of experimental samples of hyperbolic lattice anomalous Floquet to-

pological with constant negative curvature and Chen insulators!™!.

(st 8] Sz JEOR FR 1 | 2 ] S PR ) BBk, e
MZ B BTEF o E i 2 RIS, 2009 4,
H A [ 0 BB 22 BF 58 I Ochial 55 72 8 IR R
T B[] S5 Y R 2 i) Sz JEORE BR 1 [ i s s F

(anomalous Floquet topological edge states). 5—
FBCH 4 DA SR A A T P P 14 DR W E A\ R -
JE AR IR HARF ML TS AR AR R, 3R SR IR
IL4s 2 & (anomalous Floquet topological insula-

tor) XML R AIUERE (quasi-energy) I s FTHLST
SR B s, R R MR A 2 (A T PEih B Y
FMEY R E. B 1(h) JBIR T 8RR i Pl
s AR SR AR AR A K] B, Fleury 55 71
W SR RIS BN E SR IE— DR R B N 1(1)
JIr s ) St 20Ut s, SEE T AERR L AR A
(i) ) i BRI B b A

WFFE B, >4 6] — 1A & [6) I 778 22 Fhoot B 1

MRS, 2012 4, FLF 500G Bl S e,
W8 A% AR B G 6T SR R FME AR HEAT T R
PRI ATHT 7. 2018 4F, il Ka# Lu 45 M) il it i
T 1 A7 R AR B T R O [R] TS s AR A T
R B TR) B B R s () S5 Y AR 2 () S 0 BRI
PG T T 6 T2 /R A A BT A2 KA = 1]
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RO FRPE Z 0] ) 5 4, BRI 4 L0 A R R 2K 5
MO(RBARTE KA A AE K SR FTHF) IS
T H SRR ZE RIS (one-way Klein tunneling).
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Fig. 2. (a) Experimental setup and band structure of unpaired Dirac points’; (b) schematic diagram of magnetic photonic crystal
with hybrid edge states and its dispersion relationshipl™; (c) chiral edge states of optical topological Anderson insulator®; (d) chir-
al edge states of amorphous Chern insulatorsi®; (e) phase transition diagrams of anomalous Floquet topological insulators and
Chern insulators with increasing disorder®!; (f) transmission spectra and field distribution of bound states caused by dislocation in
two-dimensional magnetic photonic crystalsi®”; (g) field distribution of higher-order magnetic photonic crystals®”; (h) experimental

sample diagram of topological magnetic plasma and non-reciprocal transmission spectrum of kinked magnetic plasmal®7.
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{& (Anderson insulator). 2020 4=, W& 2(c) Uiz,
Liu %5 B0 38 i3 B L@ FE — ZERE 6 7 A b A4
TCHE A BRI A BE S I ABBALICRY, B th
TCF 155 R G N B AR A K SO B i Tk
N

A MBS Lok, R#fFbAZE
HE SCTEAT NI |, B, 8 R 28T AR
HE A B AR IR NG A 45 . IR 2 3E A A e
SERY IR SRR R PR NSO — A R Y
[A]5. 2017 4%, R PR T K% Mansha il Chong®!
) P AR 12 A B i 1 516 1 b AR 2354 I A 3L
i B4R HEGIE s B R A Y, O
W2 AR O ARF il Bl 2 — B0 SCHF T
T FLAS R R . 2019 4, Yang 55 B2 DR
JCFr YR8 M 254 1 DA Ji 40 By S T e o L — 4
TG HANEF AT T IO R R 2
BEF VRS M SRR 2020 4F, BT RHROR
4 Zhou 5 Bl i 7 4k AR B G R NG T i iR
REINTC Y SEERAIT ST 1 A% 1) R JE A A A R
AHFMEAS T RE. E 2(d) BiR, B —efET
SRINEIIERIE RS R LN i RIS E RS S S UR
ENIE R i g

2023 4F, (K RPIP I T #BE Zhang 55 B FEE
S WU 46 v G R T 5 EE 1Y AIE A (amor-
phous phase) #4T T 5%, WFTISCHITIR, BEE TTF
PRI R, — B AR ¥ S MEAT i e 72 -F
JE LR AR, 5 IAR I, TR AR T 5 U 2%
(non-reciprocal scattering networks) H1 5| AT &
948 B2 1 T 7 B A7 it S A MV R4 1 Tk
PR RUH IS LR G A 5 o o 2 AR 1) R A
(winding number) PTG BEHI R AAHAE R AN 2(e)
Bz, ARSI RCH B IS SR ME LRSS AR IR
BT RBCPHARTME, BEE IR TR AR, 153
FEF R B H B IS BR M.

B G T SRR T SR B B L
TP FEZ AN, SR ENREES. 7EAEE S
HHNGTF AR P RS F A 3 AL,
B, TEAAE B AL B (dislocation defect);
B, MR INA SR, 5B = SIATEILKE
AL (non-Hermitian skin effect). 2018 4F, g5t
KA Li 55 BT FE 4 6 i b g AL 4
B F S B M 2 T HEF R B B0 B R s,
Bl 2(f) s, B THEREYE G+ iR gl A i 55 DA

b, 3R] LA I F i o I AR 2 % AR S R M AR
FNRIEAS. 2020 48, A R R He 55 B0 BiE
A S PR R PG T AR Y SR S R S ERT
DL O lE B 5 AR MG T iR SO mE P E M A
4. 2023 4F, FLFRHERSE Zhou 5 7 SEEEUE T
X—PE, ANIE 2(g) Fis, RETERHMA S B Rl
TER AR B S DL T AR A b R4, e
TR Liu 55 B8l i 7 —4EREEC T iR b g A
WSCHAAESEIRAE 2 5y J7 ] AR R, B O
PP PSR

B T WGP G A LA AN, I 2% T 4
JG (magnetic surface plasmons) 58 T4 i1 &
W52 B T T2 T B0 @ 3 T A5 B OT R TSN
T & g4 F T BEwE A RS A 5t BT Ay H
A R SRR R R R T AE R HOT. 2008 4F,
AR R Yu 55 B R BAESMNEE 1 4 )8 506 T
s VA S TR AL A B ] Y G 0 THT 45 5 I80C. 2012 48
FAVE LT % Hu 55 190 SR 4R -4 - S 7
S5 I 20 4 o R AT N AR ST 18] 4 i B 3
S B EL W 5 T B AR . 2012 4R #TT RS Liu
A5 10U 72 ARG T S AT B T YRS
BT PR, R4, 2 ZE TR Tong 55 2
WL AR S IR 45 &, RITER IR &
T A5 B OTARE 25 FEE I A 2 ) A9 A LA
KT FIE I R 2019 4F, s K2 Jin 5507
T P [8] S T80 FR PR ik 2R G0 P 52 0 S B T R4 M
FEEE TR (kink modes). — kUL, Tl
P T AFAE T MR E R A R W3 5 1.
SRR, S MHES AR A R AR B S AL A
TE TR RGN R WG FAL. Al 2(h) B,
S A A I IR ST R B T A A R R
FAAE N AR B B k.

3 ZHFEZHNNTF

MASTRGERET S, AR B NE Tk 320
N HER =GRS AT A E B S NG
R, =HEE B 5 DT R A SRR R 52 R
THT | P 2 AR e B 1 e i ) 45 R RS S, T 5
B RAR A A | e R R Ak B DL R
i YL U R TR . BEE X =4k TR
HHWANET AP FEABIRA , 250 kB =4k
EH G I AMCT SR TN = R M
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A, MWEHEINR &R | = HEBRdn 2R L Sl -4
GARSE. 524 R B v S, AR AN
(Weyl points) J& =4 R 5t i S5 BRIV AE T T
52N B, SR S0 BT S0 S A 2R 025 [A]
SR PRPE B B 18] S FR . BT BR A
i, DURI RIS s A R 2%, BN MR
78 24 DUR| il 2 R sl T 4547 & 1 L3R b
faf . AR YRR X FRPEAN ], AR 4 T8 — e mT
SRS PRI 1] SO R B RGP E SR 2 42 8
W25 ] SRR M R AR REPE S R P a8 . R TEA
AT E P (no-go theorem )| SR 24 @ ) 41 /K
J—E BN HAT A R B TR Mar. X TR
SR AR, RBHE AR T AR s B DB 4,
MRETEANR 48 i /D a) SCRE—X AR L AR
EEIE I — A H BRI R SCRRE WA A
KPR M SRR S 2K R T A (Fermi
arc surface state), H#% KN MEH & T4b
IR BFRIMAT RN, B TAMR S B A M &
Btk — Mok ud, SEMRTHER— MR, H Ak
IR AR DA A AE R M R SR S A Bl i
25 (AP A B KOCR SC B 124 M1k, 4R EE S
FMEF AR e B R AN R B A B AR MG
et G R e W N N T S D g D S &4
KR A R TR FNG2AE5 1. 1N, 2013 4
JRA B T4 B Lu 5 151 ) HIXUBR g 5 1 = 4k
Ho#NET i AR B b E U UE B T B[R] 7
X R B 2 [R) S8 0 PR kit S B A D 2R 2 43 s 1Y)
WhEEZA, I LS [R] Sz e X ARt i ke ) PR AR
&)@ B /DAl DL R AEAE — XA R 15 S X — Xk

IR I IF TR AR, 3 P17 B A by 2 o B

I fAiBAN R4 R, BB Z5 A LA AN R S e i
25 18] A A3 A AN A 3(a) FIT7R . T 24 43 [8) B2 38 6 A
PERE SR, AERETE SR & IR vh B AR A XA
IR

5N R R AR, hE = i n b g ik
B A =B, — Bk, b — i n b4
TRAT A3 =28 = 4EgdnN e ik | = ZEsimdnFhas
SRR = HE PR LR, ASTRI Y = AR A Zk AT LA
TP FNNAS S FAR  NR EA EBE T X 4y Fk
Helhl, = HESSFH N ARTN = HE iR R F e S AR T
DL 44> Zy AR (vg; vy, vy vg) AR, Horp
SHYEFHFN AR vy = 0, PR ORI K
Prre MR A, M, = 4EsR A Fh s IR 1Y

v = 1, RIHCCRES N P RS, 5
—YEg /SN G ARAR], —HERRAa Rk il 3 A
MRBR IR A (O, Gy, Cy) FITIR, 458
BRI TR INREA. 2016 45, R HL T2
Bt Lu 55 M 5 NBE Bt T — R A0 57 7 i
&0 = E B G P D A AR ZE L, 38 0] e F
Jiti JI0 A2 72 A ) s 1% 4 >R A TR (1) 5 YR ke
it DU EE 7 I AP S S R T IE, RS T HAT A
BN ve R TR TS ) = 4t 2= o Fh 4 2
A, W E 3(b) Fran. HERRFAR FR i #86F FRPE I
(glide symmetry), #FMF TH AXE B T 19 61LEH
HBAT LAORRE 6 SE BT G e e k. R, — 4
Hot MR AR nT LATE =45 E 5 S i F ik
HScE. 2018 4, ERFE B BT ST T Lu 55 1)
TE R SR E T =4 B ST AR 5
L O 032 O =3 W T R = S E s R 62
MR AT & S —A VO & IF Ak b se L, anfEl 3(c)
ZEE R, SRIGSIA 2 77 ) B K 7 5 103 e o8 ) S
b DTN e 1Vt A= L= R e 125 et
Ak, HREr g5 3(c) A BT, — ok
Ui, AN AR BT EEARE T e
WA RAERL 73 A . Bl , R PR T 2B Kim
UG T —F T A s A BRI E =4t h
FNEER BT ST A AKX — i AR
LERGERE C= (0,0, C) N C,=1F1C, =2
1) = A C2EBRA AR I K = e 2B
B =R . WA 4(d) iR, =44 B
IWTETE—XF FrER AR, 2021 4F, Devescovi &5 147
MRS B T —Fh e 4 AR e AR 2 B ST
& = HEREME TR, A AT DASE B = 4B
o R X TR, R, 78 B T X FR
PEREBRIGOL T, XS MR B 76 R X FR S A A —
A=A IR, 8 R s R] S AR R =
I R — X AMR AL, B MR S A
A I R O R RN R A G % Bl SRS R
8 R XX AN R S T B A 1 R B 2 R T A
REMT A5, AeJe, AT JRRE M 4 ARE R AR Y
TR 1] S Je X Bk, 22 Ji i O s 25 fRi 0 A =
AR FD A PRSI =R AR, 1K 3(e) S
N T BA B SR R 0 T R A R 5 0
i, Hrhsg B i =4t E R SR 5 = e V4
AR L. filt, Devescovi 45 1 g — 2552 H T 78
B 23 [8) B R FRTE 0 = 4k 5 5 M6 T ik
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€

(a) Two Weyl points under T-breaking only (b) ‘Pinned’ Dirac cone (p2gg
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3 (a) BAXTAMR S IR AR 19 (b) BRI TE M RIS M) (o) = ZEBRAGZK IR M PR BB 11 150, (d) = AR BRAL % IR 1 B Bh 48 R A
PALHT; (o) BA AT BRI ik B R4 Ot T i A B T 3 TAT 25 H0 35 20 A 1705 () B T A R R 190, () B P R 05 4 4 7% T T S22 )
A TV X A7 IR A 4 A T TRT 900 () = 24 B 24 5 114 5 S A ot PRT 052 56 00 e ) PR 9 () e A1 JR O 0 1 1 52 6 e 0 TRT D 52 6
D& 1 4 g 02

Fig. 3. (a) A single pair of Weyl pointst*’; (b) the odd number of surface Dirac cones!*!); (c) the bulk band structures of three-di-
mensional Chern insulators!’; (d) automated discovery and optimization of 3D Chern insulator/’; (e) 3D Chern insulator with ori-
entable large Chern vectors and its field distribution of chiral surface statel!”; (f) the axion topological insulator; (g) a schematic
of the sample with a metal grating on top of the InSb substrate and the measured projected bulk band structures with two pairs of
Weyl pointsi®; (h) the fabricated three-dimensional Chern insulator and the measured topological phase transitions®!; (i) the fab-

ricated three dimensional Weyl photonic crystal and the measured projected bulk band structures®.
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H AT DLSE DGl A 2, LR R Y RRAE 2k
=44 SR — R R B 4 PN s S A Sy
F B FYERAS (chiral hinge states), 21 3(f) Fi7s.

RN S X 12E (S alii V2 N 7 e
IRNG SR B = AR A RSN, (AR 2% Gao
S 190 R BT AR 2 4 i A AT LUAEAE T2 5
B TR T, S N AR BFR
& (plasmon). AFFTEE SRR, MR 37 50 % L% K
BF, FEL - ) TR G0 23 8 ek 55 28— (A 3 o A 5 4
B AMEAE S, 1655 B FARIIUR AL, W HES J7 m1JE
PXTANR 5. 2021 4F, Wang 55 50 F1] F AR 24 I Bt
BRAbARLE R, ME 3(g) h EEPTR, FFRAATE
WHERE (K, K, B) O =4z WAL (k,, k,
k.) FAEAAREST T 10 S S 50 S IR 2% I B
HISMREETE, WE 3(g) KR, SLiaiRE
B, AR ARG T B AL BRRE B R T 2k
Wi 52 X, BPAMR A EIAE 0. 31 THz &b. 2022 4F,
BT =4k Haldane 5284 F{E 3L T. K 2% Liu 55 PY
Wt T —Fh i 43R T 5 e T R T A 7
S5 A Z AR A T =483k 5 5 bt
TR, SZERRES AN 3(h) AR TR, Sk s b
T B R R EER, 12 = 4R e T ik
SRR LI = AR F A F N = 2R 4 2%
A BEPESIN R4 B AN = YE MR g F) P AL
T A T B )5 —H AR LR, W& 3(h)
A B AT AT RETESMR 4 8 i 3 oK & T
A, “HEBRA AR L5 2R A L DX 9%
RIPFRMIA. SR FH R M R AT SEEEX R 2% 1 K/ AT
B, BRI R E C = (0,0, 6) I =4
e WRA AR, AN, M B A B IE S R R
(mz Flng ) 1) = 2 MR 246 2% R 20 B s BE I ) I RE |
F18) -1 2 T SO 2 T A FRL DK IX BRI R e 5
H LR RN 228 A0 I 95 28 m FELRN n JBI 10 B0 1 41 45 i
W m = 2 il n = 20, BEEE A TER A
W8 T 5 A0 ST 1) B K B R e 25 T ) e
PEEIR-2E JBE (Hopf link). 2023 4F, T =4k
Wik Haldane BB, g 7 B K2 Xi 45 2 I FH g
R AR AR R T L B RE AR Dy T A B S T —F
FREEINR AR, SRR R AR R
AHMR sTANTE R — S AN ], Ao R g A R
& B PR AR s BN ] XA R s 5%
A3 254 1 O AR 6 A T 2R T i R T A
W Wl —AJ7 Ak, T SEan i Bl b =

#S (antichiral surface states). WIE 3(i) Prs, 5E
S0 i E T R I B S A B e 1) s T8 % ke - )
AL & R AR L Z A5, SRS Y = e 1
SRR R AR REAT 45 4 T LI B X AR R A
FEAEAE W] 0 R A% HLC IR 45 1 505 A5 2R (52
%) A,

4 B ZHA AT F A

41 FESHIRAFRS

BT DN R G0 d A RRIE S SRR
B[] B R AR A Y TR RS AR T
Ft RSB SE T 0] — RPN E DG A s a4 h
B S SO AR TME G RN AR SRR
FANEOEAS | MR S X — N AR |
Gy NG G Ay T Y E N .

125 (slow light)!*) % SRy 12k 32 B4 35 HL 4
% T 15 B (electromagnetically induced transpa-
rency, EIT), Y& F ik S (photonic crystal wave-
guide, PCWs) LA EARGIEHRIEO LT (coupled-
resonator optical waveguides, CROWSs) 5. ixX 4t
5 3 TG IS M 2R —, BRI A
R TAEF SEA AT AT 56—, BUARAO R B i1
TR A% i o P v X RS A T 15 2 5 IR T M

FeRS RN T 5. 2011 4F, I B 22 K 2% Hafezill00
U B 32 I TR P A0 8 Ol 2 SIE IR ZE A
&, BARZOCAF IR 2 A YIRS RRE, (LA
REKIHA R, B3 2019 4, A BT 7K
2% Guglielmon %5 10U B B $2 R 130
B2 FH AT BN X g5 B e ME . G
1 i Haldane A7 301 B4 <5 22 ] () fe 30 408
HUGRASH G 2 EH AR BN I S8, AEHdMET
JRE Y B R AN AR A LT, it R ) A T 3
i, Tk FEAS PSR UBCE A AN, R (R
) BN, IS SE #hFME G (topological
slow light). 2021 4F, 5T Z“4EE B 5 R MG
T, FAVERILT R Yu 55 102 R4l 2939 i K% Mann
AT 43 S 3 5 T i S S TR AR X
MR G i FHE RS A 2 E AT N X g8 8. Sl it
BB AR R N EOR B N RS2 U, AR T
MRS H AR RER, I R, 2023 4, Wi
VLR 2% Chen 55 M0 B R S 52 B T 5l #H FME
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4 (a) TR A L AT I DXGISE 7 A ST HFME G 10 (b) SHFMIUR U7, (o) = 4E65 B G AR TP R S A
Te] 5 P A% i BY; () BT 55 Z BREC 1 D L) G 45 190; (o) )B«Iﬁﬁ%ﬁﬂlfﬂgz%?l\(%ﬁj‘ﬁﬁ L) BT AR SR T IR R
MR BEROLAS 1OT; (g) ?‘@Pﬁi? Hi, 5l g 2 19

Fig. 4. (a) Multiple Brillouin zone winding of chiral edge states enabled broadband topological slow light!'; (b) topological fre-
quency routing!™; (c) robust transmission of chiral surface statesP!; (d) topological one-way fiber of second Chern numberl*’;
(e) nonreciprocal topological laser with arbitrary geometry®; (f) nonreciprocal topological laser with large OAMI7; (g) chiral cav-

ity quantum electrodynamics(®!.
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I, NI 4(a) Fias, Hor, 4R I 5 4 JE et
HECD et ViR k2 QLN SIS RN () M LI UE: N
IR I 14 g SRR i fs TSR S A . S 2
T PR AL LN IX N8 T 5 0k, HILRF
TN RS BT PR A SRR E. T
TE R 5% 5 AR PO 2E R 2R IR )77 B o JE AR ¢
PRRE AR, R 22 AT HL UK X SRS B #h d ME
BB [R] e LA AP ) R B R A Kt 9. R 2
A LR X G587 A 1 T FME S R R SO iR T
TGN AT e FRTERRE | P BUR A BRI, e
O 2E A 5 AR B L K 3458 Y 5 4 SRR B A O 1
HA T B R R

JGA# B (optical routing) &A% F R EGE
SR AR Z —, TG E SR b 5
Mo HZ A WA INETF2EWR A RTTRA,
F 5 S BRF F D ST G2 I Ry TRAF ARV 1Y
N FHAME 1), 2023 4F, FEFIRAHIMNET R, m
K% Wang 85 7 B R SEEL T WA 4(b) s 1)
MR R . EIR ARG AT IS
MRS R T RA DA L8 h RS BREOE
TR B WERE T T A ST LW
A T AN A(b) TR, K e AR 5 A T 4
F'E T P3, P4 ALE, WAASRICR G SRS TE
P2 kb, SR A T2 7E P1 AL R &
PIASIB (55 B, AN P3 i, =AM P4 %
RENINIE S5 58

AR B BN T R TR RS
L, SHEERRA G A IS TR, A1 4(c)
SR UL H B[] S AR e e, R A R
REVR 5 A ) A5 4 HLELA TR R AP S o) B4, B
FAFEBATE LT, TR ISR BENS Sed B
s, RIHBPGRGE BN, TR
T R e B v L, AL RE RS AR = 1)
RIS, 72 m YRGB R A
N H.

bR T P RS /RS, FE NG
A 11 R 25 A B FH R A 1 4R F B 1) 8 . A&l 1(f),
(2) IR SET 43R B B e iR i i K
(T2 E 7 e N T B SR P 2 S € et B | S B
MG ARAR T, 2018 4, IR A7 B 1 B 9T i
Lu 45 49 o7 Yk B4R 7E = di A R4 Zh ik |
AR B GAE HFN B R G LE . 15, B e s Rk
il R s ) S YOG FR A 1 AT — X R A5 I

SMRIET A, SRJE R FA A S AR Mt AR
ST = HE e R AR, Be e = ey
W2 2% 1 rp S | A B o ) 3 52 50 R BCR AR 9 31
FRER LRSI G AT UG T A AOL LR A
L, R LA AT AR G A T 1) HON SRR
Bl 4(d) B TFEIM L e e s Ae A e 4
JEERI, S EREDCLT R DL RE SE i 4w BRAk 4L
PN R AT ) BB, SR, EEDEEr 80t
T AR RGCET 10 A i e i TR M e 2 4
Bt oAb, SR ) a2 AR R i 1)
H R B B AT S e, n] LU i <885 4
il A AR A BE

4.2 FEEGHIMEIREE
TR RO SR 2 —, 2
WOLER DRI ARG I F 3l ) 22 0 E B D
TR RGO IR (W R ) — R 22
RS i A R R AT A S ADURE 4R o5 i TR R R L &)
ZAMRT G, W R Hb B ) T AR A O A i
oA T 58 IRoX —XERE, 2017 4F MR 52 R k2%
Bahari % 57 Il 4k 9k B SN F i T
W 4(e) Frs B RAE B AR Z M E 8 R
R T AR SN ER. R AR AN
FEAE K BARTEEL S A A LS A a (e
R YIG), SR A A S InGaAsP ZH &
TBEF RS . AR ERTT, S28A
R V1 T Y e 7 ke R 458 ) s () g e 0 1 I 7
A AR RFHFNT B LA PN RS, T 5
LR R, T DA AT R TR
HEHE B G e ik s 2R B, LB
55 A R Y ) 17 (8 45 7 A A F M BR AR A, TR I,
J2E U B AR Bt F M IR I 1 75 Bk — 20k g
BRE.
EARIERAT AR B S N R I T A
T Z A0, T 2ZLE A I T s N
RERARST 2 [ i as ], W T O6HE” 2 P R S
85, HLfg & 0T DL B A B ) A ARG Al R
BIERMAEE GRS IRIE T RRDE, T
FHED A A AL e, Hom SR G
SIARAFAN A AL AR I 5 BB fA 3L (orbital
angular momentum, OAM). ¥/LiE £ gl 100 ()7
P I A8 A DA 50T G R R el A EL i ol
R BBk, Rk, Gl 7= A = T4 K
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Abstract

The proposal and development of topological photonics have provided a new approach to fundamentally
addressing the susceptibility of traditional photonic devices to defects or disorders, significantly enhancing the
transmission efficiency and robustness of photonic devices. Among them, non-reciprocal topological photonics
which break time-reversal symmetry and support chiral topological states are crucial branches of topological
photonics. Their topological properties are characterized by non-zero Chern numbers in two dimensions or
topological Chern vectors in three dimensions, exhibiting a rigorous and complete topological protection beyond
that of reciprocal topological photonics. This review focuses on introducing the remarkable achievements of non-
reciprocal topological photonics in exploring novel physical phenomena (chiral/antichiral edge/surface states,
two-dimensional /three-dimensional photonic Chern insulators, magnetic Weyl photonics crystals, etc.) and
constructing non-reciprocal robust topological photonic devices (unidirectional waveguides, broadband slow-light
delay lines, arbitrarily shaped topological lasers, high-orbital-angular-momentum coherent light sources, etc.).
Finally, the present status, potential challenges, and possible breakthroughs in the development of non-

reciprocal topological photonics are discussed.

Keywords: topological photonics, nonreciprocal topological photonics, photonic Chern insulator, nonreciprocal

topological devices
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