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Fig. 1. Schematic of the SSH model, there are two sites in

each unit cell.
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Fig. 2. (a) SEM image of the coupled micropillars; (b) Modes of single micropillars; (¢) Different modes of the micropillar array and

edge states; (d) SSH microring array.
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Fig. 3. (a) Schematic of the gyromagnetic photonic crystal; (b) forward and backward spectra, and projected band structures with

chiral edge states; (c) the diagram of large Chern number photonic crystals; (d) the band gap map and their Chern number.

PIBREL C = 0, i A BERREL C, B, X FP A JiE
BRECT L) FH A 22 i - B R0 (EAS T
S, AEACH B TA] SO X AR M IS LT, A ERRECAS
FEAEAE W 19 58 S, 3k I AT LA Zo R M AN A8 4
&

T RGN H e T N 2L A Eid A 1R
KA, Bl EEA =M 2ok B e
BRI B — B SRR G 0 i el B
2013 4F, T E I T34 1) Khanikaev 251
FIRYER TE 5 TM (et Bt B, /3 T A A
JEA TE+TM 5 TE-TM. & i # 3 1058 4
RYSLHL T ABEPUE RS A IR T H R
BN SRR — TAE WA Ui B s R] S s R S5 1
RINIFR. 2016 4F, B 5L R He S5 07T 2 17—
FhIETIEHL (PE)— JEfE (PM) #8 58 506 T ik
FERL LU HE (LCP) FiAiE (RCP) J6 M H JiE
A, WE 4(a) s, BEESR T U AR, I
PRUE T B[] BB e, T ORAR T FL R & S5 s ]
SLIHERA BRI (5 At 1R S Xk ), AT IE S
i A S YR R AR Bt U 6 [ A 1 HL 3
Y 240, R A S s AR TR B, St BT A e

IRBANATSR AT LA R A, & 4(b) Fizs. (J]) AiEds
BRI A AR R0 AR A (JE ) B T s 3 Xo) B
PR AT B 2 A RS | 3] B AR o ) S %o R 7
R RSN R AR ) TR R AE A
2014 4, Chen 45 20 1] {0 8 A4 p1oFHE S5 8%
WL E] 7 L TE+TM 1 TE-TM N H A&
+ A TERE SR LN

55 R A R F R JR RN Y T SR i
I AR R AR P SR S B, X R O R R Wu M
Huld 78 2015 42 . W& 5 prs, XF 1 [ — 25 0w
PR 7, IS0 T K KA
MRS, S R O R R A R R
M)A B0 S HRT, REAE T S8 & /i
Dirac mi. 1l 2445 ¥ BE 58 S50k A MU I T s W
Dirac 5 &£ £ F, MBPPIEIFR p,, p, M
dyyy 2o XFFRPERE . XS FR A0 B R,
AT T PFPIEE B BER p R dy, IF LI R A
a3t LRI AR F N SR B SRS 224 2,
P A4 At S A S 8 T A A 9 R A AN e 4 —
2, BIAS BT b0 S G RE T IEAS 2™ % Tl
BRI, X — ] R B AR S R TR - & BT

224206-5


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. 68, No. 22 (2019) 224206

0.8
~—~ ————"_’—.’_
s 0.6F
~
O
I
o
% 0.4
=]
5]
3
o
£ 02 M
r X - k=0
— £=0.3
0
r X M
m<0 m=0 m>0
Non-trivial = Trivial Non-trivial

4
GHYYSIEEANEYS A ki

I |
m ﬁ n H [
ZC<0l ZC'=0 z(:o -

<

—
A
A
4
PE
3
A
PM
4
A
]
0.65
0.60 | .
c d
- LCP r \“;“-x,__%_‘ RCP
. [
0.50 |
0.45
—0.5 0 0.5
(b) ky(2n/a)
Thgreasesgetorse
Tosettnesss
26 fogeunntaBifiy] "
el 5
o csssataiy
ol 3aeen s
S gtz
I pm— ": :.. -
=} SauT oy
] Zg=0 .t *"Huna..
5] 2 Z0#0  _aTg® iR
E 18 + T ] KM K", .
it i & 7
K M

()

Wave vector k

(a) Poincarék I #Y LCP Fl RCP, LI 1 PE Fl PM A A4 i A6 T A 1A (b) B I B el LR BA I B TERl 4 ) Ae
(c) T4 B Jm AL 1 S B A RO RE A

Fig. 4. (a) The polarization of LCP and RCP on the Poincaré¢ sphere, and the photonic crystal consisting of PE and PM superlat-

tices; (b) band structures without coupling between dseudospin states and with their coupling, and the projected band structures for

the latter case; (c¢) photonic crystals consisting of metallic rods and collars at different positions, and their band strucutres.

AR LA SRR R A5 S g R AR BB TR AE
7, TR, A B R SR A E AR R R
B

S =07 SOE DG R 18 IR I 1A 28 A A
RSB, P T W R I B R0
LA, R RGHAEH TR T AERY A
HIBE, T XA R GER IR ORAF 1 I [ 52 3800
P, Pl AR G T8 1 AR R R0 Al 6 fr
71N, Hafezi 45 223595 i AR & BRI POE IR I
FHIEFF LA B TCHE B IR & P51, $ Hh e 5
B b ST HAT R R RSO ' M A
A, AR — FE T BoAT B e HLBR B e 1Y

Rk

3.3 ¢ Floquet ¥RFp LA

A 3 I e v A s T A ) i S AT s
(] A IR ), o T DA AR bRt A B AT I VR
X — BN SR PR Floquet #hiHh4a %%
A&, 2012 4F, Fang % 10 60X — ARG | AOET Mk
RZ&, MITSEBE T 6249 Floquet #ifha ik, 4n
Bl 7(a) frn, il G2 E IR R A S ] A
A A S B TR H V(1) = Vocos (2t + ¢45),
Q2 PR RIBAR, @y WS R[] Y U AR A7
JE AT 1) e s it e S 9 ) )R R O AR

224206-6


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

I8 =

R Acta Phys. Sin.

Vol. 68, No. 22 (2019) 224206

g/l\ﬁ%(@j% Beff

1 Aeff
Beff =

a2

K HL a Ay i R, Al 2 R T RT3 AR

(a)

o
ee oe 0eg 00 8O

F RO, FL A 6, — / " Al Fang % i
BT B s, B L fERR T B LA Y
R ORI T TR SR AT N

. 2013 4E, Rechtsman 2 9 #81 @ BEOCEHS

e ee o® _<o0> 00 O
ee oo0’’gde o0 0@’
S8 S S 8 . e :‘_ﬁ.
e o9 ;
eeiiee /4 &
guosEnany =1 00
[ ] . L ]
°oe oo
z xT
(b) /'_‘K ,_,_.—.\\ ds
0.6 ao/R 3.125 a0/ R = 3.000 [ ao/R=2.900
3 T —
> ¥
O N
’ 4 b
«;T 0.2t K,
LL‘ I
0 D=+
M K M K r M
(© 100 - -
YT / : 1 2
B JEJET :JE i 50 1 g 10
sl 44 . ; g2
E o o T3
s Z 510
i E 3
=90 : -1 E -e— S1
- = 10—2 S2
—1004 i : , . . .
—100 0 100 7.0 7.2 7.4 7.6 7.8
z/mm Frequency/GHz
B 5 (a) @0 FOGTF MRS K ; (b) W | = R FR LR 5K qfk ok L R BEHE 5 (c) IR E1 58 M50 A9 2 35 2 1) S5 56 L)

Fig. 5. (a) Schematic of all-dielectric photonic crystals; (b) band structures of shrinking and expanding lattices; (c) visualization of

pseudospin-dependent edge states.

(a) (4m+3)n/2 —2na

@ ®

Elﬂ
(4m+3)n/2+2na

In-plane

/ Spin-flip
hopping

K 6

Fig. 6. (a) Two coupled resonators in one unit cell; (b) a periodic array arranged by unit cells.

(a) i

) ra(yl)

Connecting
waveguide

Resonator ==

ot

w7 N

PRIEME HIT; (b) JA W HEATE B RS & 51

224206-7


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

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 224206

® oo
e O o o 'o}
@ —2¢ 3¢ —4¢
o & o o ‘o)
- 2¢ -3¢ 4¢
o ‘el © le; Yol
[ —2¢ 3¢ —4¢
© 't O O '}
- 2¢ -3¢ 49
5} O ® O '}
(C) Lo Lo ] L] . l . ] L]
i i, § H[“
J1 . J.
- oy - I L] [ - I

LI e I ]

B 7 (a) St R IE RS R S5 (b) $OEES BT RERIHAMEZ AR B ; (c) TURHE & 2R 5 19 4 1

Fig. 7. (a) The resonator lattice with dynamic modulation; (b) floquet topological insulators using the femtosecond laser writing

method; (c) four different bonds with different coupling.

HORTER G0 T B2 v R R R A S ISR 30RE 7, D\
M1 T % Floquet #iFbda g4k, anixl 7(b) pr
7N, LR OGS R G Ry B R
VAP AERE . a5 ABRBE AL R T, B
GRSy

1
9,0 = — %(V’ +iA (2))%
koR22? | koAn(X,Y) ,
Ry WAy )
ng

Hrp X = 2+ Reos(£22), Y=y + Rsin(22), Z = 2
A(Z) = koR[sin (2Z),—cos (27) , 0] N ERLATHL
B BERT A AAEE (S AERE &) XN F AL 5 7 1)
PR 4 R = 0 i, REIE MM T A B
) Dirac ., M4 R > 0B, BB R IFREFT T, 78
B RS 30 FANTE A MA T i FES. T
HCHE RGN T A, A X —H R
52 P 2% Floquet 37 Fh ) 7 2 R B 52 & .
2017 4, Mukherjee 25 M 7 —AMERE AN 51 A
DRSS A FAEA T B TR RS
Floquet MR, WK 7(c) iR, BRitbZ 45, #E
ARAE R 31 DL K )28 AR TR ) Floquet #4750 199) th A BT
i

4 ZHBIHTFHRA
4.1  HMR (Weyl) #0754 (nodal-line)

KT 4R R 1Y) Dirac 25, 7E =4k &5 +Hr]
DA B 5 2200 Y s, BIAR IR (Weyl) s, BXF R
TAE = 4E Bl A B AR EAT 4 0 By RO
Weyl s Bt 3 i) €5 855G 28 Al LASE o i % 0l i Hyy
FoR

Hy (k) = vgpkyo, + vykyo, + v k.0, (10)
B o, B A REERE k= (k, K,
k) b =4Eny gh i as A . E AL Weyl 55
) e~ A T DR SRRy, 2 R AR R] J)2
YOG R 1 A 45 8] S 3R AR ARAETE RS, Weyl g0
NRIBRECH £+ 1. IR =S 8] SO e R M IR, fig
RGN B/ DAFTE 44 Weyl £ 10 24 B 18] S5 E06
FRYEBE IR, R 2= DAEHE 24> Weyl £i. 4
Weyl g B I AR (0 HORER R ER, IS ZE LY
REAT BT AR [R5 -5 B AR SR 2, O 0 48 — 3%
Weyl . 2013 4F, Lu 45 1000 38 i 4788 s 5] Js2 788 %F
PR B 5 TR] S 18 0] R 1 i ST 78 AU e 1 A4
FHERI T Weyl sinyiit, ikl 8(a) i, K5

224206-8


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

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019)

224206

Line node with P & T symmetry

7

>

/

3t )&
N
'\\/' e fk
H r P H N T H P N

Four Weyl points under P-breaking only

N ] R
06 “‘\\)“‘\-Z‘/’ X \> e -
0.5 + : ><\/ 5
§7ﬁh/x7”\pvﬁkw
0.4 P a g
H’ r P H’ N r H P N
?I' Two Weyl points under T-breaking only
as = = - P
S et / N X \HW i)
3+ - _ b ’7:-\
(x _ ?\f\%gq\%?m L \é///
H r P H N TI-B,H P N
(b) 25 j':
20 F
= ™
O 15t LM
» 135 :
a
[
= 10t
&
=
5 ks
0
r X M

& 8

Fig. 8. (a) Photonic crystals with two gyroid structures in one unit cell, and their band structures with Weyl points or nodal-line;

(a)

REAS 7 A Weyl s LA T E MY SURBESE T @14 (b) BA Weyl 5110 6 J8 A HOL T ik

(b) schematic of photonic crystals with the saddle-shaped metallic inclusion, and their Weyl points.

2015 4F 15 YR WL b BoWl 8 31 13X A gt 4 001
Yang 45 102 T 2018 4 ) F fci da A1 p S 8L 1 B
FE I Weyl 5, anE 8(b) Fizs. Fsb, fEt
v A 2R (103104 g Al 26 1 1 A 0% DL K TP A
ARk (06 L qA 25 v Weyl st AS BT i 45 44 125 1 Ok
WFRE =T AR AR M BT AR R TS (R
T Fermi yl45) Hijiz 5.

TE=AHR R T, AFAE— AT R RO
REAHF VA 4R AT UK DX ) — SR & T U 18 1Y
L (nodal-line). XI5 L AL — 5 X FRIECRAP T
ATLLE S RMEE Y, IF BB EA o 0y DA
FHAE. AN, —A Ak B SURE D 1) 15 SR ABE TR [ 0 2%
i i AT AR IR

Hy= [k — (K2 + kKl +k2) 0] + k0. (11)

I ZR G R B HAT 2 [ RO RR P O TR E A
o) LA ST ] S 38 X Btk (6 1z T2 SR B AT & ),
(11) AW T k. = O, 78 ky — ky, VA E M &

H

>N

TR G, X P FR G R 1) DA AE
i +m 5 4 Dirac sSS0RPE—2 e FIRR T
A AR A FE 2 Lu & 100 7 2013 4R 42 1Y, 2
J& Lin 45 107 F5Y K AT IRIRE AT LIAETE T 4
TR RGE . T4k R G002 111 A 32 WRE e FT
) S R ARG, JF B BAAAEZ I BREL. FRitt
ZAb, Y S 1081090y A 101 e g D AR
FAMTEABIIIRR SR Z .

4.2 ZHENZFIRIMN ARG

TE =T IRIA R, THEMEZAAR A1 6
SEAE T A H H0 FD T I 40 (B 40 Weyl 5 Fil Dirac
R A B =4 ks a) v p R T BT T B, AT
THEA RN, B2 AT, CR R0 =4
FH N G ARPLE] E A BB E T E R
RN . =4 A BERE /RN 5. =4
T2 IR RN AT LA AE 3 = A5 — B S ) m, HJp

224206-9


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. 68, No. 22 (2019) 224206

e = (cV, eV, ctMY, Howh BT B i ki BB
G RE Y JCRE B AL A5 . 2018 4F, Lu %5 1121 32 7
Weyl BURHESN T AR, 85| A IC e
Pr & ML B — X Weyl 5 31 & Bl — 4~ = 4
Dirac s, F-FHSMNESHE R T8 BOGF SR
REERA L, T =AE T 1 F Dirac SR & H- 280

3D all-dielectric metacrystal -

3D all-dielectric bianisotropic metacrystal .

NI, JE =4k Chern FHENEZAK, FH B 1
BOTRAR N (0,0, 1). EAAEZERIE, B TZEAIE
MR, X 2R 55 B ] S e X B A i
BB ELY.

SR T R R0 W i B i
Dirac j K528, X Fh i Z ix i Slobozhanyuk

1.05

1.00 |

0.95

Frequency/GHz

0.90

0.85
r

‘Wavenumber

Bulk band structure of BPI photonic crystal

gO.ﬁk x

<

< . S S R W e — — 4

S

~ 05}

"

3 0.4/ 7

o

8 F — 4 _—_ a4 - = —_— - - = == = = 4

&

— 0.3

Q

N

3 L

g 0.2

)

o

z 0.1t Generalized Dirac point
0 l
N P r N P H r

/
(g9 N P I N P H r

1.05
1.00
N
jus)
U
~
>
g 0.95}
o)
3
o
&
=
0.90
0.92 =
S et
13 /e ,n/a:;’gjﬂ/a:/s :
0.85 L — L P :
r M K’ H A r
‘Wavenumber
Cubic cell 2 (001) view
i schematic
Magnetization in Z(M,): %%Gy
o
o5l //N /
L L
LN ]

B9 (a) Z4ERA BT XU ) S HOL T A (b) WIRR RS BL Y 6 PR X 1 1 e 5 (o) 3BT 51 A RE B B Dirac s MOL T ik

7l

Fig. 9. (a) 3 D all-dielectric and bianisotropic metacrystals; (b) band structures corresponding to two structures in (a); (c¢) photonic
crystals with opened Dirac points when magnetization is applied on rods.

224206-10


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. 68, No. 22 (2019) 224206

S MBI 1 2016 AR, A TR R4S ) S PR A
MRLEE G BT DG i iA, IR g 2 )
SRR S, MTE R T TR AIE AR, WnfE 9(a)
Ji . I il = AR ZE A I 2 (R 53 A0, R X RR AL
() Dirac FEEFTHF, SEBL T MY R A 45, 0
Kl 9(b) 7. 2019 4%, Yang 55 19 7 = 4k 11
MOEL R, R 4 T8 B A IR . (SRRS) #2:9)
Dirac 5 fIFTHF, WSZEL T S A B ) = 4E4n Fh s
G, A=At ATEE RN T, A
FE— Bt ERE ARG T SRS 1 Dirac ST L,
AN BT I T 25 ASMIwE, i 9(c)
. SR R S0 BA R T R  1 ie BEoA
RR, DRIk i A S b A7 e — e M I FLYE N
F A AEAR R il 1191,

A, W BRGNS T RR I, BT AR A
ARTREEI Z, T F A AR BT A R a5, X A
TR A Gk i B Ful™ T 2011 4E42 1. 2017
4F, Ochiail"™ FI ] =4E7 )7 6T bk, $24 T 5%
R FEW REB A A, Bk, P24 =4 b
AR B AL VIR ER AR MRS 1) AT A
eSO e e S AT i

Q

Q
3
ps

-

=

(b)

End facet
(B LN

Te-----@

-

ANy
' Topological defect

100 pm

(LR LR LI R LR T R R R R LR B

5 T U N T AN
5.1 JEJERIAF TR

LT RG] AL 45 5 HFEAH LU AE 14
FHEAERPLE, Flhns g5 ARG RE M
MR 4536 AR, A GFas A
AL kG HAT T URE. B e R T IA
IS M, £ 506 RG] LUK B A
AT St #oh R G Rk o Y
PRI, HAET, JEJERIR R EEEE T A,
— B ME LB ARII RN OE R IR E, 71— 7 &
R AR R XM IS, F2E R FERRA (] s %
FrPE (PT symmetry). A T T8, X B faj
FI B AR & 9 191 i & 10(a) B, 4% R
JEKT AR, FRG0H 0 % ] LS 1

Hy (k) = o (0) 00 + (b (8) + 17/ 0 (12)
X L SE, i iR e K B H
B, hy (k) =v+rcos(k), h.(k)=rsin(k), HH
v M WA R SR, AHERIRAE (ha, he) = (£7/2,0)
b BT A7 5 45 (Exceptional Point, L FR A

(c)

h=180 nm ¢~ 336 nm
' B r U ] .
) &5 0 00 0 ¢

p-polarized s-polarized

M = r > X

560 0.600
& 562 0.598 ¢
g <
> S
3 3
o 0.596 >
£ 564 2
[}
> =
= 0594 §
566 F &
0.592
568

P10 (a) Sl zs (8] P i ap 7 i L SCE AT 1 25 R 1 SRR A Y (b) B 4 45 SUFE I I B4 55 (o) BT o5 S R BOL F b R AR

g5

Fig. 10. (a) Exceptional points in momentum space, and the tight-binding model with gain and loss for o; and £;; (b) the waveguide

array with gain and loss; (¢) photonic crystal slabs with the ring of exceptional points.

224206-11


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. 68, No. 22 (2019) 224206

EP 1), RIRE S50 M &8 o6 42 1 019 5. X Fiy 7
A UL 3 7E S AR AR ) B ST R 5 LA 25
PFESCHL, WA 10(a) .

(12) Py E RS PT BAT 5. R
AW R A e PT BATRYANEE, HEAT
AR R S8 (AR RS, AR HA —
MHAETRE —mERAAE, XH5KRRS
TR N E R (B A TR, 2R E
KSR BRI 4S5 2015 4F, Zhen 25 120 4151
TR R SRR A AR, 7R IAR & ol
EH) T A S AR, I TAE R R THEE K
() 51 A FE e FURE SR s v i 2R,
K 10(c) Fros. 2017 4F, Weimann 5§ 12U | H—4E
WOLE S W S REF BT AR JE R AR R M
A, E 10(b) FiR, B T AR ek e A
AHE (SFE) M RS LN AT S, B
I, AR AR, Zhao 25 122 1 H | FHAH
GRS MRS, #E [F]—Fh F M AE S5 48 19 N,
5 AW G |38 25 e 2 258 A S s, i
St AT LS ] S AL () PR ) R MO R X
NNE STV N SEIWNOE T SUE L E i SIShN-Al R

FEIX LS AT I P BN AW R B B, FH
(4R TN 25 5 P X g O 2R 028 U AF 58 3 E G
O EL H AT 3R R IR R 2 X &
B LU T PR, —Fp 7 202 2018 4y Shen 45 143
PR, K ReT o e oy B (RIS F T m #
n Hl k, AHE(EARTH L B, (k) # B (k) IRLHG (BD
XFRA m # oM kE), A 1E {5 #B W2
E, (k) # Ey (K)) FIAST B0 (RIFE RS 5 28
) - 2% B Al S8 O K A TR ) TLARP A 243
ST A] A=A B, Al B L R TEH R RE T Y
T R . EBLIEOL T, Shen 8421 THE 1Y
T HE RGP BB, 4R T TR
AR TS, REMHFNAS SR
T A M RAIES. 55 —Fhdhdhor
07 SO i JR ek R G — 5 — 532, X
Pl o 2R I F A EHE R 129 35— 2Rk
PR Z AR FINE AT LIS R 5 ASAEAE 9 5 3R DG 1Y
Bl 2E ML B R AR TR AR Ry BRI A,
BRI Syt B AT LA B A e 1Y S50 -5 ke A AR TG
fai . SR i AR B — A FELSIe S RS
HAFEAEAR KRR M, X 5 HAL R TAEZS IR 5N
ANTR) S BRI UL, E A A 2 a2 AT AR

HAEZPRR, nTLLUESE = i H—R g X
— AR B B, AR LA R — LT R,
H TR K/ANZ o), AR EZ 5 — 1t
s LR AR T B RS M O SRR, B
2 BB Hh e SCREMA R ATIIR AT BRI
ZRAE— DA IAR KRR T, AR Y
AR R R TE L A F AR 19124 2 A
5 1 R B = T2 R B GE— HO W) IR B
FILAE AN, (H TR RO TR S e F R
PR S I AT S, FRTAEAR A2
BB Sy 142,45 4749.120.026] PTG AR S e [
AR 10452270 J7 TR SR AN WA B T A H L.

5.2 ARZMEHRIMET RN

E[52 4 e 2P 3 I AW e (UG -7 5 BN B 7 5
AR ARBAR LB A5 BA B AR B A e A A
R P & 23 NIDE | B2 dSuR Rl RIS iBuR
TR G IAARLREISL B, S A AL I B L 37
AR W A ZE 2R, n] AR Dy [128120)

P=¢, (x“) "E+x?:EE+x®:EEE + .. ) :

(13)
Forp X GG AL N, ZRI NI 5 AR
X B REALAR, SR 2 AR ik,
WP S NS, O S =BriifeR,
A BN DO . = IR L AR SRS
H AT 6T AR AR PR 19 5] AR 3T
x? 5 x® T O OE AR R M BEAR LS
B, IS = A2 RN R 8 [ AT T1
T 5 240 (1317515457=60.130] - Y| AR T /R AR PR
SSH A M ] (601 4nf&] 11(a) /R, X AhAR LM m
SEVS TR AT LA A

i% =2, + K (n) Y1+ Ky (n) Yng1, (14)

Her g, = [al,ma2,n]Ta 2 = [wo, v;v,wo], wy Ml v 7}
SR T AL O I IR I B A AT AR S ST
P ] AR B O RIS & R
B K., (n) = [0,k0 + a(Jarn]” + azn-1]?);0,0]Fl
K, (n) =[0,0;K0 + a(|a1yn+1|2 + |a27n|2),0], Hop
Ko > 0 HEMEI, o = 0 A /RIELER
B nE 11(b) Fiow, 2ot g R, HETRIZ
T IHANF R R GBI TCRE R AR GE RN IR F MR
RO AL X Mg AR PERON AE Floquet! | JE

224206-12


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. 68, No. 22 (2019) 224206

n—1 n n+1

(b) 1.0

= 051

200 pm

Bl 11 (a) JEZetE SSH AL (b) 506 BEM G HY PR SRR (RURIAHNL); (c) H 3 T H A 5B MR RE-& A8 F R 4l 4% 7 19 7R 2 A

(d) A58 = T 0T H R RO 8 S (0] g%

Fig. 11. (a) The nonlinear SSH model; (b) the winding number (Berry phase) changed by intensity; (c) schematic diagram of qubits

and their couplers in 2 D lattice; (d) the superconducting circuit including three qubits.
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Fig. 12. (a) Photonic crystals of the 2D SSH model consisting of dielectric pillars; (b) band structures of shrinking, high symmetry
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eigenfrequencies; (d) experimentally measured corner states when the source is placed at the corner.
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SPECIAL TOPIC—The frontiers and applications of topological physics
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Abstract

Inspired by topological phases and phase transitions in condensed matter, a new research field based on
topological band theory, topological photonics, has emerged. It breaks through the traditional idea of light
regulation by optical superposition principle of real space and energy band theory of solids of reciprocal space,
providing a novel mechanism of optical regulation and rich properties of transport and light manipulation. Such
as transmission properties of against backscattering and rubout to defects and disorders, selective transports
dependent on spin-orbit coupling, and high dimensional manipulation of light. This review paper classifies
different topological photonic systems by dimensions, briefly introducing the topological model, the novel
physical phenomena, and the corresponding physical picture, such as SSH models, photonic quantum Hall
effects, photonic quantum spin Hall effects, photonic Floquet topological insulator, and photonic three-
dimensional topological insulator; other advanced platforms such as higher-order, non-Hermitian, and nonlinear
topological platforms are also involved; a summary and outlook about the current development, advantages,

and challenges of this field are present in the end.

Keywords: topological phases in condensed matter, topological photonics, higher-order topological insulators,

non-Hermitian photonic systems
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