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It is general believed that the dimension of a physical system cannot be larger than its geometric
dimensionality. With the introduction of additional synthetic dimensions, and combined with the intrinsic geometric
one can investigate higher dimensional physics
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Fig. 1 Forming artificial lattices. (a) Physical states labeled by consecutive integers; (b) introducing nearest-neighbor

coupling between physical states to create a one-dimensional system; (c) introducing a special long-range couplin
pling phy y g P g g pling

between physical states to create a two-dimensional system
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Fig. 2 Using different orbital angular momenta to create a synthetic dimension. (a) A degenerate cavity can be described by

(58]

a synthetic lattice along the direction of the angular momenta™ ; (b) a 2D degenerate cavity array™®" ; (¢) physical

implementation of degenerate cavity
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Fig. 3 Using orbital angular momenta to realize quantum walks. (a) Scheme of one-dimensional

quantum walk™; (b) experimental scheme of 2D quantum walks
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Fig. 4 Using ring resonators to create the synthetic frequency dimension. (a) A ring resonator dynamically modulated by an

electro-optic modulator (EOM) can be described by a tight-binding model of a photon along a one-dimensional lattice

671 |

in the synthetic frequency dimension™" ; (b) a one-dimensional array of ring resonators can be mapped into a tight-

binding model in two-dimension, with the extra dimension being the synthetic frequency dimension
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Fig. 5 Using ring resonators to create higher synthetic space. (a) A synthetic 3D lattice realized using 2D honeycomb array

of ring resonators, each ring is subjected to an index modulation which generates a synthetic frequency dimension
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(b) a sketch of an effective 4D lattice composed of a 3D resonator lattice and one synthetic frequency dimension™"

2016 4F, Ozawa %77 $i 5 18 4R 26 4k = 4
PR, P45 G 23X A6 e BE B i — > 458 880
Y CAD) d A%, ST R DY A R SR AR Y O A AR
W, WE SO FTRLE 2y M. IERFGREG) Z 18
A A AR AT IR 2 (I ) P2 A Al G 4
TRV K AR FRAE v Bl 2 5 B < SR A
PR AN ER G NTTAE vz “F TP B — 1>
T YT EIR RS UM L A R w Bl
B B AR5 BE o Bl ARl E 2o T TH LA B 4
wERRG, WA [ AR gl mT DABE 5E I

2018 4F, Yuan %57 SR H = A8 IR 36 1 A B
%25 M 7 1 T 35T Haldane £ 8175 [ — 4k 6 55
ARG . I 6O B A K MR A B P4~
PR 0 L T e B3 M9 A LB AR 5.C R ) —Ff
JEA (0l Bl W IR B . 2 1 T R B v BRI 14 B
RSV A (B B R0 T8 42 T8 B [ 25 4% 15, 19 5% 30T 40
G.C N R KRG, &G B mE 6(b)
JIE 7% B L A il T A 2 3 B B e S R A L O
WEEE] TR R AMA L B . B RT DUE) T

0123002-5



B+ B E LR ik

FalE F18/2021 F£1 B/RFFR

8 i R IR E Y S A TR 5 B AT R A A A
e P RETE Y IR IR X AR & v o B OB R 4 i S B

(2)

EOM: electro-optic phase modulator;
SLM: spatial light modulator;
BS: beam splitter

(b)

Bt e AT DL A AR — A & 2 LR A 4
1:%[48.56,79—80] i

Mirror BS
(© > 5—)
[
(] B

Fl6 BAARMITEMENTHE. () A FBIiERW.HANESE —DHAEG R, B E — N BNERAE C.aw
P HE LT 1 2807 5 (D) 7E Ca) 25 7 vh 2% J K BB 5 T 7 45 53R 4 ) 40 33 1 — A4 80K oy 1o A L ot 3 0 e R
R Cod AL 5 Al B B A 1 BELAS Ol 2 Js TR — A A5 B2 ] 5 (Dl A SR A R O AM. 48 A4 A 4 A

%5 [
Fig. 6 Forming synthetic lattices with finite elements. (a) Two-ring resonators A and B, each ring has a phase modulator,

in between, there is an auxiliary ring C with two phase modulators®” ; (b) a honeycomb lattice on a cylindrical

surface with a twisted boundary condition is created when considering long-range coupling in the system in

Fig. ()®7; (¢) a single optical cavity including an auxiliary path can form a two-dimensional synthetic space™" ;

(d) a synthetic two-dimensional space consisting of the frequency and OAM dimension of light™"
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Fig. 7 Using waveguides to create synthetic frequency dimension. (a) Schematic of LiNbQ, phase modulator™ ; (b) dispersion

curve of optical modes and photonic intraband transitions in the vicinity of w, achieve a one-dimensional lattice formed from

waveguide modes at different [requencies™ ;

(c¢) dynamically adjustable 2D brick-wall lattice waveguide array and an

equivalent 3D lattice model, consisting of in-plane brick-wall lattice and vertical frequency lattice™”
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[104] ,
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boundary states ; (b) illustration of the 2D array of waveguides with x-dependent spacing

2018 4F, Zilberberg 25 Ol I R G4 B — 4
PP FBEH AN 13(h) Iizs , ¢, Al ¢, 43 3l 428 il PR
A5 _E R A HARSE = MR b AL T 2 A
BN v w BN ERARR) oLy 25 B 4E R, TP AR
T4 A A . F A RERE = Y R 4 AT
S 3] -v VA y-w V1SRRG PR X A
S THTRE AR Ok, SEEL T DU 4k Y B B RN R AE
B A AT B 5 T RE . AR SSE bRl 2] £
AR « AL I O REE RAR IR

SR R A 32 R E S 2 T Y R e 4
WTERA Mk, RTFRSEINNERES, X
Fob 7 0 Bl P DR AE SC 86 B ST 4 PR AR L e —
4k Aubry-Andrée BRI, 25 o JE TCHEL, 5 =
YRR X 1, SE PR AT L B S 3R A4 2 [ o
5515 2 23 1) 1) AR 25 R (A X 0L . A SCHR 3 T X R

(@) (b) o

H n
dgy=1+p)d, " ! Tt
dpy = (1+q)dy L :
dg; = (1-p)d,
dp; = (1-q)dy

-——————-

& 14

[137]

56 R IT T 6 A A T A,

T3 — s AT AT D A e R ) B 4
(8 JLART 2 550K i e 5 24y B4 P P O

2017 4, Wang %11 % g — A~ — 4 596 1
P A TR AL D AR LR 14 () ] JER 2 43 Sl 2
(+p)d, A+gd, . (A—p)d, M(1—qg)d,,Hrh
pq FERFEHI I AR S H, 18k (— e =
B p g BRI =425 A rh, Wang S8 50 E 1
G SRS AR SO AEAE  JF SE 58 38R T 4K s
JIras ok () S HE MG 2E e . XR TAE 5 s AE
F0T DL 3K A 17 B — 4 25 F 98 = 4 1 AR S5 Y
Yy EME R, 25U Hb, 2019 4F, Fan 265" 7E —4E 0 )2
A GIA 2 DS S8 RS T =4
B LS ), FE SR 0 AR B T AR A IF R E SR R
SR OG0 BT A7 09 B AR AL AT A

() @

SRR G . (@) — 46T R J5 A 5 DU 2 R E AR ) Pl B8 p g 0 AP AR5 (b) PT BB )2 UK

L9 5 F- A AR BE T i G390 3 7 T 5 23 1 S R AR 5 (o R T AR A PR R PR T (D D T A
T A A T LA KR IO 1 26 58 — SRR A0 ( p)

Fig. 14 Systems with parameter dependency. (a) 1D photonic crystal with each unit cell including four layers where the
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thickness of each layer depends on parameters p and ¢ ; (b) the design of photonic crystal with a PT-symmetric

seven-layer unit cell, n and x represent real and imaginary part of refractive index of each layer, respectively
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;

(c) schematic of the unit cell of the non-Hermitian metacrystalm'ﬂ ; (d) the superlattice of topological interface

modes (down) and the schematic representation of effective dimerized model (up)
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