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Fig. 1. Several integrated optical platforms for quantum si-
mulation: (a) Coupled optical waveguide array*!; (b) ph-
otonic crystal; (c) array of coupled ring resonators*’l; (d) mul-

tiport interferometer(!”.

244207-2


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. 71, No. 24 (2022) 244207

2.1 HiESET

TEFMIT R T, AR T 270602 %

2k NN R s (@A DL ¢ TR Al i DB 778 A

B (v, T) (PPCTFABATH RN newr , HZOEPA
H No ) Tl AL R RE VT S A R T i (2940480

o h?

SOV
MOT T 2o

VAW (r,T) + Vo (r ) ¥ (v, T),
(1)
HAG RO B mop = h3 v OGTEB S BYRE
W v = ¢/net , TLREHELL = necko, B AT
SEHEL, PRI ko = 21/ X0 ), WS r L AT
BRI n (7 L) SRR RO F 97 Vope = (hkoc) x
[(n? (r1) = nZp)/(2ngy)]- AT EMA ST RS
MR E 5 XTI, (1) 2 U4 7 1] A6 Ak
el 7O R R RO R th T T iR S
IR S R AR U, SCAE B RS

AR IS T HL TR R PR AR B8 (I A 45 4

TOF RS0 HE b ZEA) th ikt fe. DL T 151
RGuh (Gl BRI, SO Y
RO AR T [ A R G A TEAL R H (on-site
potential), & B Z | 1) & & 5 RO
TE 5 Z 18] B R 55 X7 1 5 4] 14 3% G2 v H - B 2
(tunneling). 1852 2 1 P T ME B 25 1 v AT B A i
[E] 5341, AT LA HDCTE R G BAERE T 0. 1965 4,
W9 e TR G L 25 M BRI oY — 4E D 5
TGRS R W, RIS T 1972 AE7E S [A] FE A
AR T e A v S A B 1O Y U T G
i PO IR RE B G I B 5 B RE T 23 A L)
DGR AR i >R 1T B8 R AT (B R A 3, B ZZ 0
2T AR, RGeS AL B AL AT i R o)
AVE A TG, HA 7 B T TSR A fE R
AT AT A SERALE LT, #EE G SRS
AP 2 e ] LA Sy ()

ﬁ = Z [B,ajal + Ci,ja;ai + Cj,iaZaj} R (2)
o B R ORI SRR R, Co MIEES i
RIS HE A FSE AR S AR A R of (a0) Rt
TESF MR A=A (FEK) AT, W B Xt 5
K FR . RIS AL TR idA/d2 = A, H]7] LS
FETENT 2 MK B8 v AL HE R

T
i% = —Bia) — chi,jaj. (3)

(2) A1 (3) SRR HI i S 51 5 B T A

R i RRADL R S, 3 5 ) S AT 5 2800
T Z (B A TR RE, T DAL 0 R g i 2 1 da
THEPUTIE . P RGCL PSR R S AR

2.2 NXFERIE

ANTF TG0 T P OG0 R A R T R A
B, T AR T HOE T IR 3 5
A BT ERE, I BLAT AZESS A4 v S B m Z A B 1) 25
Ir. ST A A e T SR AL YA AR
LRI PR A A Al R B S L IR 2
AT T AR RA LT[ A R A 25
i BRI HEAT O 20T Loy — 4 . e =4
TR, eSO RO T R A
A RS BRI, AR B 7 A
F14 A oL ST, oK Ao o ST 5 A B AR ) 2 R S Al
IR NTE O T REAT . R, 7=
ZRRIDE T Mg ol M BDE Tt (TR
A RE Qi PR A — R AR P P AR RE T 1) AR Y
JeaER ).

Wk 1(b) s, VA48 1f A B (R
i 2 AL B 2= R R HLAY ), A B LR R
e (r)1E (z, y) V-1 P EIIHEA , JFERE 37006 A2 A7 38 b
SE B, AT LR IR N Ho i (1) = €7 - e (1),
Horfon, B PBIRRETBORNPER , wp ke (r) ALEAR B
AARTF A R HA T R O w RS A A
MMEETRE P

2

V x (;ﬂv x H(r)) = %H(T), (4)

HrpeFonHaoti, HA V- H (r) = 0, 25545
o BRI AR (RS R (4) 7T RIS 3R s 1
anRZE R TP LR (TE) FIRERERE (TM) RYRETFSS
. AT RS L 5 LA LR T LR i
AR SRR R PR A I SR B 07 0 I BRI 2, i
IR A AL T LU SR S A6 T B b, XD
THEBH TR s e T A & =93 i sBAEs ft
FEHE I U Z R AR AR BRI T Rgaly P17,
MTTTE T b A 45 K v 52 B 4 248 S AR 5 4 Y A
AU, HET S BUAE SN ZE R PO T 1 PR R
EREZ TN

2.3 EFEERET

WA I EE S th 2l e i & 1 B
e i SO DR (Q L) [l o B A X ) D' o ol s el

244207-3


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. 71, No. 24 (2022)

244207

SREE R Y. 2 RS AR O (& e B
) v B JEE AR AT AT ST B B AL, 2518
TR DG T SRR BT 3, R e i
W53 2 48 n] LA HT B8R Al I DU SR Ot 1-6E
R AE LGS 3 A . G E U ] AR 2
AR, AnTET 2 B/ RIS B A0 A Bl A A X
(0% FV ), ARAR PN B 2 1038 i 12 4 A 96 5 S 1
SRR A FE T 2(a) FTR 945K, Hafezi 45 )
T 2011 AF4R AT LASE B E T A e IR R SRR
U, FEA AU B R A R T KB RIIE
IR AN R b R LR AR AR T, TR
RETEE . RN EORE A A IR BT
O ST B BN, AE AR 41 /53 246
SONZEM & B A AN Z A0 BT 1) L RS A7
TEARDEZESE, I HAS I A A 5% ik 2(a) P
AR A TAR T 5 R R 57 B e iy

_ A~ ~ —i2nayo
H= - /<;< E Upyi1,ylon,y

7,Z,Y

i2nayo + &T

N N
+ Aoy ,yPoz+1,y€ ox,y+1%0z,y

+ a‘)crfx,yd‘f%y-i'l) ’ (5)

Forr e JEARSRPI DR Z IS & R EL als , (Gow,y)

(a) —2na(y+1) ° _ (b)

2na(y—1)

Inply"‘/2 T\

(4m+3)n/2—2na

(4m+3)n/242na

BNATENLERN (7, y) W AEo = £1 (IEFEE/
WG AR (BK) BT, X T AN IE
I A BERL S, DT E ARSI 4 DR
BRY P B A2 1 B K A% — > 5 8% B e SC Ry
AADL, XFPAT A A T4l BB FFEAMINE T V 1A
G A s L E R Aharonov-Bohm AH{. B IXkE
P BT A 8 1 ) 0T G B R 51 AT D) SE O 1Y
ARG, dE— 2P TR A e R,
FEREA IR FESR 52 T XTI 2 2 B IR AN R 4L
Hafezi i 5% 2H 1) % 3 — F4 A8 i J= 9 At 1T T+ 2013
SEFERE G0 ESEBE, A T5E ok A AR G
WA Sl SR RO, WEEE] T ik
FASIERE, BEE M R R G5 T i ARE
BV A AR AR AN . 2013 4F, Chong
L R ol By i L OB S T W B B YT R RS 2
JE Z (R G R BUR R RE (K] 2(b)), REGERME T
JEHHIK ) (Floquet) Hif M AR B REHY 4544, 4K
RUANTT ZEXG 408 9 % 422 0 T 5 | I AH A7 2020 4F
Afzal 55 025 IRTEM AN OG22 R G0 (REHE/\h P i
MR SE) SCBL T IXFIRH Floquet FhFha Lk {4 02,
2018 4, Leykam %5 631 35 71 5] 2(c) Fr 7~ 45 #4) 631,
T o o PR T S A s E 2 [R] 3 2 R
UG ARFR A (Z5L T Haldane £ 7Y 04 B J5 Al 4]

(c)
/

K2 TR IME SRS MRS IR (a) BT ABER/RBON RS (b) JHIBKS) Floquet $HFMEZAREER O (c) 2
TR RN RGN, (a)—(c) LN HIMEF 54, T 51 S J 1454 v S AR B 0T i ) B P 1R

Fig. 2. Arrays of coupled ring resonators for simulations of topological insulators: (a) Quantum spin Hall effect?; (b) Floquet topo-

logical insulators/”; (c) anomalous quantum Hall effect/?). The upper panel in (a)—(c): periodic coupled resonator arrays; lower pan-

el: basic units in the periodic structures.
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Fig. 3. Multiport interferometer for quantum simulation: (a) Realizing arbitrary unitary operator using triangular (left)/! and rect-

angular (right)/”) mesh of beam splitters; (b) two-photon Anderson localization in discrete-time quantum random walk circuits!¥;

(c) multiport interferometer in a silicon-on-insulator platform!®8!, which is consist of tunable Mach-Zehnder interferometers.
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Fig. 4. (a) Anderson localization in a two-dimensional photonic lattice™); (b) simulation of one-dimensional quasicrystals in femto-
second-laser-written (FLW) optical waveguides®™}; (c) realization of photonic Floquet topological insulators in a FLW helical wave-
guide array®; (d) realization of an effective magnetic field and simulation of Aharonov-Bohm effect using curved waveguide arrays®;
generation of (e) topological insulator laser® and (f) multiphoton quantum sourcel’l in coupled resonator arrays; (g) design of a
1:1 topological beam splitter in valley photonic crystals and realize the two-photon quantum interference®; (h) photonic topologic-
al Anderson insulator®”; (i) generation of biphoton state in a SSH photonic lattice”; (j) topological pumping in a system described

by a time-varying Hamiltonian®"; (k) topological edge state in a photonic lattice at the interface between the structures with and

without parity-time symmetry!®; (1) nonlinear tuning of PT symmetry and non-Hermitian topological states
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A5 B3] Harper £ 7 Fil Fibonacci £ 7 # i I
EAMIF AR N3 28 B B 5 5250 b 3 4 0F Ja) 5k
A TCH ISR S T 33X — W s BI(an & 4(b)
7). PR ST R AR G R A oA,
FEH SR LAy S BT A O R AR XS £ BT o R
W —4E0 0 S B, IFEAN RGP LR TR
BRI AR i . 348, Segev iiFgE 4 B A1l H
SRS B S BRI R W R S 5 | A TP R,
I HOUER T 5 F I R e AN [R]A% T 3 3 5 o ] 30
ARGt st B IA.

3.2 IEFE

MG —RTEM BHR N 4 2, FEE L 5t
BRI SRR Y . X 2R A BT —2ep
BA TR BT, G r, 0 R A i, A T R
1259902016 445 DURP B 420045 T David Th-
ouless, Michael Kosterlitz il Duncan Haldane —
BB R L A T EAR A MRS DT T A FFE.
FNA AR Y B S T T T R IR RN Y H
PRE, R 76 Z4EF s 397 N AN i 1)
#74. Thouless 55 9 J& B i1+ 1 S ER A iR R 4c g
i I H HCA OC (TKNN 40), RGERHRFME %6
NI R . FE B A AR FME BT A9 (domain) [
R EA R R, h RS A S A
IFNECR G, RIMAIXT N DGR . THEMAZEA B f
GERRAZ TR 8 R BRI B AR, T P A A M
AR5 4k,. 2008 4F, Haldane Fil Raghul'” JAJEAS
22 w5 5 R A, BRI PRI ] B 8 %of
FRIEBOGF AAR G b 158+ R G h
PN AEIG. BE)S 2009 4 Wang 55 S ZEREGF
AR T 1 SRS E, (HAR N EHA R AR R
B, AT SR R, X AESE 5 B2 A
MESCILRY. AR R B R RO RGN T T2/
B, AR ZH 8 FhF MY B A5 DU S50 S0

FFMAZE R FREOR RGBT HATIT, X =
HEFH R GE, 5 B 1 BCOR LN 8] S R R 1 m
23 (] R RR MR S 3. i T 4 38 ) 7 JT 0 it ks 45
Fa AL vT LIRS RS 1] S s R, THGAE &
GE RSO0 PR SsE LA SE B NEAT, U A2 1Y
A T VT R S A G, SR I
s R TR ERIEME AR | SR PR iE U S MR 91 5. 2013 4F
Rechtsman 55 29 4 H 1| PR BETE I T 25 4 e A e
[B] S X AR (2reversal symmetry), HATTA]H &

FRHOE HE ARG WA 4(c) Famzs A Mgt
W SR, 5 A bR AR R A3 o AR e A AN B
5, ZR SR i T ARy
202
k:oRz 2, konAonw’
(6)
SERURAE Y A(2) =koR2[sin(22), — cos(£22),0], 12,
R 535 Ry SR THE I R (R A R e . A o)
 BRRBIEA L 10200 =D ce AT
Hop o R SRS 28 BT SRR AT
CERET RS, HARNE AT E A Floquet 15 2 ¢, =
exp (i82) n (Gn BT 2 BRI R SR A%, X T2
TETE 7S Ff1 A 454, A ToR A & B R e R FE Ak it
SR AT IR, H ELAEAT B A AE D7 T M A (3
FNAAA. TN ARy 1 (A5
X, HILZ R G b i RS LR A 15 M, IF
HXF T A1 A B 5 TC T AP AEANEURR, ]
PSS FIESE T X EE45i8. 2014 4F Longhil®)
A1 H T 3 28 3R ) D' b A v D P Ok S
A R, Wi HF#9#: Aharonov-Bohm 8T
(AB cage, AXKHEE R ). X—HILBEITT 2018
A4 Mukherjee 55 B 78 R FMHOL H 5 S K451
R E]. L EAATR A 4(d) FTR 9 2 ih =X
Vi | ey A M I 5 o gt oW ¢ 2
T T A — AR T s I o A48 i S A Ak B
B, ARG A S mh AR AL, O3 AN AR
(] AR AR AR R A R BT U R 38, RS
N 2 Ay

Her = | Jefr] Z (eialdlbS +e %47, 4
S

0,1 = —i(v +iA (2))%0 —

+eTale, +e%ale, +He),  (7)

HrP A R R e R al, BT, el(as, by,
&) MIMNFRRLFAESRS s i A, B, C =ik
R PEA (GEER) BLAE. W P A S A
P = Zﬂj 55 JE I 98 AL B w5 S 40R OC.
S E AR R T REIE N mE, A AR Y A
Bt L3 & R 0 IS S LG, T RS IR
W1 R A T AR S I R AR L (AR — R
2018 4F Keil 448 1l L ZE MG I T o | AR
T BB () 4 B Al ] A S B AE LA e AH 57 1Y)
FRA 100 T LAAR T AB BT It HER
B T RSN RS B E B4 1o,
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TE 2.3 19 0 2 TR A 0 1 [ 50 B #H F 1
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A i Hh A F A . e se Rgerh, HEL
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KA, B ik A e 32 23R FME . X
SEARAY R T HRENEOE . 5 BT
2018 4 Bandres 4§ "1 7 @ it fL B HH (InGaAsP)
I A SRR N B AR O, TR BER b
VR FR I RS B 2RO, AEF SR
SHAREOE (A&l 4(e) BiR), IF BAEH SR
FEAE O] IR I RGN 32 S5 0 Bk 152
e, Al iR B R R B B S5 48 5 T 18] 2(a) T i
T HBEE/RRG. [F4FE Mittal 45 102 JEFfE PO
TRV AEZAA R S5 H rh (REPRERES) SE B T ¢
BT X R4, I R BN ZEOE 55 E R
WG 1 AR AR — S, ST = A A R
W5 RS 2021 4F Mittal 45 009 B ) 4 7
IRAGEARY DL e S B AR TR AR PR R 1) v 7 A A 3
ARG X8, 77 AR 16 X B A BE & - (] 24 26
bk, ISP TR TP SCES. 2022 4F Dai % P BT
Floquet $HFMEZAR G TEREI BB v ™ A 2201
FA GRS (WE A(f) BroR), IF Bl 77 ot
B ZRa i e A A 2 SRS B DR ECRE , IATTTIERA T 7™
1) Einstein-Podolsky-Rosen 2532 2| T #FMES.
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B 1) 25 [] S St RERR A A AT A= AR S M 2 AR S5 44
2007 4, e o 4 100 St S50 7S A A AR 4 i
75 W4 AR A% AR REAN[R], DA IR 2 [ s
XFFRPE. AT AR R 58 SR — X B A R Y
165 B AR, I HSREA TP RE A WA A G (JK L
Sefii It ). TR W AEAM I R, ANFBE
BB B TR T A A R 7 e AR, RIBES 2B
IR . T X — A A 2013 4F Khanikaev &5 [107]
FES O A& ZE A g 2 1 i A, X T
PN AH B S e AU R S5 1 T ST 1AL 4% 5 1)
FHRL. ABATTSESS b UESE T S 254 il i sl e v
KNG A B B A SB IR G0, A
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W FEA 100 RS GF R AR 2 AL DOT108] SR o+
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B A YR AN [F) 152 O e 452 X 1) g M & 5. 2021 48
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IRZER TR B RN T4 LAy SRR S5 (4
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{E15— 2102, 2018 4F Stutzer &5 02 | 41
7S A A 250 B T BB SE IR T O F N
AU, S A TR DG A 3 — 4
S5 [ B I S R 400 1 o B ke A2 TR 5 a0E 475 A
& U BES Th Y RE IR/, DT SE AL T B e
IR & (AN 4(h) BTR ). AT e IR 25 (1]
SE TR A Y Al b OSSR RE
i (Pt R IR a8 (8] SO T RR T, 15 RE0hE
HMFHFMER AR 2SR AH, SEi0R A SRR i
RSB . T2 O R s e
SAGI AT B GE A A I T S B ff FH ) /D
WOGR S R MU S 3R), RGLAEH %A
HARFNRES, SEEn PSR T IR RS T b
&4

XF—4E RS, A MEEOR R B AT S
XPRRPE, Herh— AN B ] 2 B T IR SR
Y Su-Schrieffer-Heeger(SSH) £ %Y . SSH 451 %Y H.
A FHXPRYE, RGERYIG R A] LA 7R oy 1

N
H = Z (t + 8t) CL,ncBm

n=1
N-1

+ Z (t — dt) cLﬂH_ch,n + H.c. (8)
n=1

Hebidl L eh L (cam, con) SMIFARBETAESS n A
ruffl A, BRI S ER A (FK) BAT. R
it AR E TR P R G A ) A BR A ABE 2R 43
gt + 8t AR AL (winding number)
Kefifiik SSH BAEIHAHFME. 2009 4F Malkova 45 1121
YT RGO T E R MR SR L vk R
PRSI T SSH BBUBUURN 4 M A S LA,
2 J&, 2016 4F Blanco-Redondo & 7EfEFOE R [
HT SSH BEAVIEZ S T b A4, I B T
BT A AR T 1, B S A TP EIZ R G
AT MR OO TR DS 4(1) B, 2T
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WHMBOC HE OGS RS, & BT AR RS
ATE AL R & T SSH AR HHFMNE B, FFaISE T
XOCF 2L % R et a AR M PR 114, SSH
BRIR] AR S e 8 R 58, i JUARAEE T
. KEBOLES REE A LS BTs-1T G4
BT SSH AR FES A FH OGBS 181190
FFNEO G HIRE s T 4R 2 H X 2L 5250 S P
BR T FIRR MRS KBS OGRS R GE ]
A3 5 P e R R S IR F N . FEIX 2
G, i AR R GRS EGENS SR
Fh S R e I 1L, B — i B A
BN 5 — AR, AT FREZE G
2012 4 Kraus 4 B ZEARAILER (A1GaAs) F1 AP
WOLHS BT Th o S T HE RS T Y
ML AE AR A S T O
MEEFENIE 4(j) Bz, FREEHING B 1] 2R
H (¢) ¥n = t[1 + Xcos (2nbn + ¢)] Vi1
+t[1+ Acos (2nb(n — 1) + @) Yp—1.  (9)
Horp il 5 Z AT AR S ZR B IR JRL 3 o0, T2
GRS B o U EH WAL TT 0] (2 5h) 218
A ABATIIESE A AR TR R RGNS
i i 7525 R — 5 1) 1 A SIS 5 22 R0
it k SHEPEMSEA K (k= da,a T H
$0), R S0 ) DL R il AU TE
SRS ] e s 1k, S EABITILE ] T O AR
Gk 5 — Vi S LA R AL A B O — IR
AT JUAT 55 I 722 A BRI 5 B 51 25 A0 TSR BT

I E Fh s R 1201 D A B AR A0 (121

Thouless ZE i 122:123] ZEH P 52

3.3 JE&KMMIEEKESR

SCAEARZEAE A BT 9 12 106 A7 A B2 € 1 L)
e AR TR A8 R, AT DA A e g ik ok AR
T AR R RS R I T B AE 1988 4F
B U 124, 1998 AEAE AR AL ARO[ 51 v
S WECHE] T B IS 2003 4E7E 48637 SBN
T g AR 2 T AR IR B4 (1291, Hh
MR IX — IS R G 14 28 i Ay (124

dFE
IT; + BB, 4 c(Eny1 + Enq) + /\‘E"|2E"

4t (1Busa | + | Ena*) Bn =0, (10)

Horb B, R 5 n AR S B B98¢ RookL

TAEMIAR B G 18] i BT AR . AEL RN B, P,
IR T n AN BAALAS], S5 —WERR
TAHAR TR AELANE EEAE ] R F A R
FHEH, fefa—Hipiamg. LA KRN0
P RS O BB R S e b9 T A (77126.126],
ALk T BOG R B R IR ARES By 1k NBCAR
b b R A, AR TR IR SRR
MR TR DA ) F A MH RN L LS T
F2 127 2018 4F Dobrykh 45 128 76 Sk 34 i B4 1)
tBFSY SSH AR YA Fh i FEAS B AR e, Al fi]
R IUBEA FE TR K, RGN 3 AE i 5
Ak, IF HOERR T AR RE A 2020 4F Szameit
iR 4 1200 A1 CEMHOE B S OG5 R G LIS
FID' Floquet #iFbaZx A h i1 305 21, Bl il
IS & BRAR L AN 1T DL AE R GERea #r F MR R,
T 75 SR AR $1 F T i i 25 A AE AR LA T 7%
ROk A CEe 0N

RIS A AR A v A 3R G A P i
FEEKIY, B 2 RE i ST fE . I AE LS A
KZ &, RE 5INIE Z M AEER G, AR
A JE K e 2 i AT ARt A B 5K — (1) R i R
R 2 0290 R R KR R G — AR B Y
FRGUNG A - X AR (PT XTHR) B, REEER
B 5K ARG — R AR RE T 8 A 5 i s 22
FAREKRIAR/N, REEAT LA PT XS FRAE G AH
AR R PT XFRBESAH. REALTE PT XA ELAH
B, BETE AN PRI SEAUAM AT, ASE pREIC FEZH 1 OF 28
2. AFDKRRGERA T ZH A NS, 1
RN | ST kR A 190131, 4R 2R R G —
SERREE b ] LASE IO 25 s AR, I Se AR T
FIARJE K R G & F R 2010 4F Riiter 45 192
BT BRI M B 5O R A PT X FRry Ik
JEKFE G A5 Th AL RE, AT TR R R Rt
PrAR AR LR e — AR P P g | AR £
S BRER R T AR R 5 R AR, R eloR b A
ity I J a0 L o YR o A A AR AR AR, 2017 4F Szameit
W52 U R 4(k) I e RO S
W YA LB T AEJE K SSH AL AL By 4L,
HATTFSE TR G PT X FRA B Ble- 1k B AH 5 A8
AR SSH A — RAEH K/ (dimerization) Y
KA, B LR T AN A PT XA FH
R 2 A B AR R RS 2021 AEBRERI
iR 4l 22 A HIE 4(1) Bros i 53 B 5 91 2549

244207-9


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. 71, No. 24 (2022) 244207

SEEAR LR PEAR T K SSH AR A f AL, Ab AT T ERS A
FE T AR T L)L R AR TR TN T 2R S g 1% FIAS AR
AR, JEEE sk F W T 8] b oI ) A
BCA 1 25 1R 04 T 2Ok T E 2 M A R A5
INT RGEH PT XFFRYE. S8 AR A 55 AH
TEAR B OIS B AR (SBN:61) F S AR A 1 ke
()5 B R b (Fr 228 T AZERE 1 h DL L),
T o) A A T R D A e A P Tl A ) T Tl o
SEER R AR A B AR PR, AESE AR E
T PT MFRREGHEAS N PT MR B 255, H4b
JEJE K R GE B TR T di AR A A s 25 4 45

4 BFHBETHEY

2.4 TN THIE L0 0T AL, © IR
A (MZ AU 0 55 L A A AR 48 ) B H
TR AT SE B H T B T R AL T A
AL A 2 i A3 SRR A S T Rl SE 8 T 28
M BEHLA T E A3 AE T HAE (coin operator) FI°F-H%
PEAE (shift operator). 2012 4F Osellame W57 41 12
AU REPEOC S RSl 25 & i i F LT
T A, AT A A SO TR IR 22 o) =
S H) V) £IV) L)) (V)BT i)
DA 4 g 1 BG4 40 A0 SE B R 1 3 (a1 (3%
KF) IR (RRH) FRIE. 2013 4EAATT SR A%
RGetil e T I0F A B B R AL 7 e i 1)
3 Ao AR 8 T AR BE AR AR S T AE AN T
i) () HL R 5 L ABEHLARAL, DI 7E T T B iR i
FREPL TR0 AR T 2R R AL IR %, I
WAL E T i 2 2556150 Rl AL PR S (anlEl 3(b)
Jii7R). 2017 4F Pitsios %5 34 R HIHOL B S BRI
I L A e BE A R (2 SR R L
HER 1N I A SO B R T REALA T
TR 5 5 050 [ RS L ABEfb R, 56 2 s
BB BOEARS AR FH I A AR 2 9

I 0 ORE [ BRI 58 B 2 m S ANTT X3 A B
FHIAZE] m(m > n) BT i i o6 T4
B0 A, 3K — (] B A SR A X T e s PR L 2
#P-hard [A]8. X T — L6 iy HURE [R]8T, 565X
— LR SOAR SR AR T R SRR R G RN
TR -1 R O RS, 2013 4

[FAEA 3 bt oE TAE 3 BITE RO S OL S
DL SOL S RS SL g se 9L T 3% U O+
BOM 3, B2 6 121517 2019 4 Paesani
S 98] R [a]— AN RE O R B SEIE T ARIESE LU | B
SR, DL R i AU (8 0, 124500
2, T B ORE 0 AR I A 3T LA A 5] SC
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P ANET b T OB Atk
Kt AR, TEREED S A BRI ARG
THLA S 3 AR SR it oy RS R o (1981401,
XTEA nAEF R E A, kRGN
WA I ERE N 2 x 27, FE R T FER RGN
e H O] LR O T R GRS BA 2010
MR AR RS e I, X T4 i
B, BAF H AT LR 5 1 2 A R B AT
I ERE A Lt D)) R A B H Tk AR A I
SR AT DASE 6 B E R R I AR 2 X
TR H AR R 1) 85, JHL fe /INARAEAELGT J

HOAAE 450575 Rayleigh-Ritz 74K %ﬁp';“

BRI AT LAVA 25 R A8 Ay 1) . 36X FlUEAR ) AR
SPAAEAE SR AL T LU T 00 F IS Re | i ok i &
Sel B PIAEFA, FIHE A A T
A S I BB AE, E—25 7158 Rayleigh-Ritz i
£, AR S 20 AR A KNS I G A A R
TEFREE T8 Rayleigh-Ritz Fi%R/N. 78 2014 4F
Peruzzo 55 140 2% [& He-H*/J3 1 1Y W4 25 fiil it J L3R
7

E‘i/]\g

H(R)=> hi,(R)ol,+ > hiy(R)ciol, (11)
2 ijaf

Hrh R BRI, ol FmT RS« h g FIAE
(i =wy,2), BIFREChIELE. LA I7E
RESLIN R L 38 i SRR AR RS 28 R0 T 543 A 25 44 52 1
W25 A B L RO R AL R 0 . it A
EIHERI Egs R Rk B M PR T, E—H
RENIAS Tl 1P, ek gt ZuasERaT
DR RRZRIFE N He-H 2 TISEARERE. 2017
4 Paesani 25 38 F| F DU -3l el 3008 At
PRI FHRSRE R, AT E AR 3T Dl
T AR A T (1420, X T4 5 B B B
BN 1 <5 A LN G VA RS R = oY s
FHIAIAE o W6 TR P () (SEU SRR, JE
F 00 S EAR I T A 4T & IE AR e L R i )
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SPECIAL TOPIC —Recent advances in hardware, algorithms and software of
quantum computers

Research progress of integrated photonic quantum simulation”

Chen Yang  Zhang Tian-Yang  Guo Guang-Can  Ren Xi-Feng!

(CAS Key Laboratory of Quantum Information, University of Science and Technology of China, Hefei 230026, China)
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Abstract

Quantum simulation is to use a controllable quantum system to simulate other complicated or hard-to-
control quantum system, and to deal with some complex unknown quantum systems that cannot be simulated
on classical computers due to the exponential explosion of the Hilbert space. Among different kinds of physical
realizations of quantum simulation, integrated optical systems have emerged as an appropriate platform in
recent years due to the advantages of flexible control, weak decoherence, and no interaction in optical systems.
In this review, we attempt to introduce some of the basic models used for quantum simulation in integrated
photonic systems. This review article is organized as follows. In Section 2, we introduce the commonly used
material platforms for integrated quantum simulation, including the silicon-based, lithium niobate-based
integrated circuits, and the femtosecond laser direct writing optical waveguides. Several integrated optical
platforms such as the coupled waveguide arrays, photonic crystals, coupled resonator arrays, and multiport
interferometers are also introduced. In Section 3, we focus on the analog quantum simulations in the integrated
photonic platform, including Anderson localization of light in disordered systems, various kinds of topological
insulators, nonlinear and non-Hermitian systems. More specifically, in Subsection 3.1, we present the integrated
photonic realizations of disordered and quasi-periodic systems. In Subsection 3.2, we review the integrated
photonic realizations of the topological insulators with and without time-reversal symmetry, including Floquet
topological insulators, quantum spin hall system, anomalous quantum hall system, valley hall system, Su-
Schrieffer-Heeger (SSH) model, and photonic topological Anderson insulators. Besides, topological insulator
lasers and topologically protected quantum photon sources are briefly reviewed. In Subsection 3.3, we review the
nonlinear and non-Hermitian integrated optical systems. In Section 4 we present the integrated digital quantum
simulations based on the multiport interferometers, including the discrete-time quantum random walk, Boson
sampling, and molecular simulation. In Section 5, we summarize the content of the article and present the
outlook on the future perspectives of the integrated photonic quantum simulation. We believe that the
integrated photonic platforms will continue to provide an excellent platform for quantum simulation. More
practical applications will be found based on this system through combining the fields of topological photonics,

laser technologies, quantum information, nonlinear and non-Hermitian physics.

Keywords: quantum simulation, integrated photonic circuits, simulation of condensed matter physics,

multiport interferometer
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