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Effect of Relative Lattice Intensity of Lieb Lattice on
Propagation of Out-of-Phase Octupole Beam
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Zhejiang University of Technology, Hangzhow, Zhejiang 310023, China

Abstract In the present study, a novel Lieb lattice with five points (hereinafter referred to as the Lieb-5 lattice) in
the minimum periodic unit is used as a platform. The sites of Lieb-5 lattices are classified into two categories
according to their spatial positions, namely, the center and edge lattices. Using the beam-propagation method, we
investigate the effects of different intensities of two sets of lattices on out-of-phase octupole-beam propagation. The
ratio of the intensities of the two lattice categories is 2:3; further, according to simulation results for either an on-
site or off-site incident, when the intensity of the center lattice is less than that of the edge lattice, as in this case, an
eight-peak shape with strong localization is maintained during beam propagation. Otherwise, the beam barely
maintains the shape of the eight peaks in the propagation process. The energy between the incident lattices is
periodically coupled with the increase of propagation distance, presenting weak localization, because the geometric
frustration of the Lieb-5 lattice caused by its unique topological structure inhibits the discrete diffraction of light
beams. If the binding property of the lattices, diffraction of the beam, and interaction of the out-of-phase beam stay
in balance, the eight-peak structure can be maintained; otherwise, the beam cannot always maintain the eight-peak
structure.

Key words nonlinear optics; Lieb lattice; beam propagation method; out-of-phase octupole beam

OCIS codes 190.4400; 260.2160; 190.6135

1A = e AR . 1206 T R RS S B R oA 1 2 07
ERR | PDC DI LY (27| -k (AR L DR E | 54 d 3 i

SR — B AR R . BMORRTERE 5 RS BREE T A AT S — R S B R B A
%Hﬂ‘%h%ﬁ;ﬁ,%Tﬁﬁﬁjﬂﬁﬁij‘ﬁﬁ*”%,J&ﬂuﬂ D75 AR BAT P BOL T A A 5 59 LA 3R Fh 25

B 2019-02-21; B HHY: 2019-03-25; FAHH: 2019-04-01
HEWB: BERHARFFH4(61675184,61275124)
" E-mail: ylqin@zjut.edu.cn

0819001-1



Es i

M SEEOG R, 1989 45, Lieb™ F] FH 22 47 0 {1 4 5
U AR Bl A B HEAT I ST K B T LA 58 A PSR AR Y
(425 8] J& 3 45 44, Lieb A& gl R b 2 —, Xt
Tk SR TR PN AR AT B AR A B T S B A
2 N BLEY 6 e a1 VAR P L ¢
AT SE I R BOR TE AT 4 F R G T DO A AR
FERT A T A A 4Rk B N 24T AT SR
P DRI 3 e - A AR 1 4R 1 S mT L S TR R Y
ToAn S AL . 2015 4, Mukherjee 480 F J ¥
e HBEHARBINET Lieb Fh#%, I 7 52 56 & 00 I 5]
TGF Lieb fit% 9 F A7 B, 2016 4, Xia %0
W AN () JE 380 0 DO A% IR AT L AE B R AR
LY B @ OB R A T Lieb fidg, LB T
] B KR AE Lieb A% ) AT gH1E 5 . 2017 4F,
Wan %505 B — ROl 2 Lieb S 0158 76T
A T B R . R BT UL Lieb &A% B9 52/
JAI B G AL 3 A KK A Zhang SV B T — 2%
BELEY Lieb §hA% : Lieb-5 f kg A1 Lieb-7 fh#% . H i
JINJE B T0 43 A 5 5 A SR 7 AN A% L, I HLIE
W EUE D BEFSE T Lieb-5 A% 1 Lieb-7 S 4% fh iy
Sl A3 A

6T T RS T R AR B T R
SERFSY . R AR A A B A A SR D0
BT, AT R 7R AR OK 15 B 0 A7 5 R 2 3
SR, Hoh W T AR A 2 1 2 1 A 9K 7 R Y B A
F0e2] 2008 4F, Efremidis™" #E F £k PR A i T i
5T & B I B9 I A 2% 1F LA K it A % 90 1 5
Wi, [F4F . Meng 2570 ffF 58 7 SRS I 0% 5 P = B
INF AL, 2004 4F, Yang &0 AF 58 T A AR T
APURARF . 2016 4F k& 058 TOLIE S B
AR T AR IR, 2017 4, B N 2R X [ B R
JEE T DU 7 b A P DU AR T R AT T BFSE. 2018
A, Du 57X @ B IKF R R Sk B kAT T8

FiEA ., LA SCE H BUE JF ST Lieb-5 &
6 TR A R X iR BE X S A\ A T AT B 1 S
HRAE Lieb-5 fh#s FEA B0 o (1 5 A A5 1 2 8] 47
BHELAMA—HR 1A O, S —4d K
A AT G 5 5 38 I 2 A% 1 R X R R
Ho ST R AE Lieb-5 SiAs G 4, LA K 5+
A\ R AE Lieb-5 @A o 09 JC A7 55 4% i .

2 FEARFEH

2.1 EipHER

G5 TG RS S — i R B T B HE 51 0 i
21 B 1) T2 B 25 K R F 5T D AR R U 45 4 v A
AT W EA I 67 . A OE R TE
piv A% I A% i A 2 M i v R ]

LU U U r

e dx? W_m
LU W AFHOEH N IE— 8 2% 1, HyLieb-5
A A R 5 BE A A CHT A IR ORI IH — 46T
MR BB Ry R A bR 2 AR RE IS,
ARSI B B AR LA TR B B2 BRI (SBND
T U7 BUEGIR I A 2B O R G, B AR AR o Ry
A SOC AR T8 BE 2o AT IH— A ARG IR BT = Ot
WM konoad #EATIH—40, Hr £y SHIREL,
n. HAEFH G (e Y TE SBN ik i 4 55 2, Ht
xo=14 pm,n,=2.33,k, =27/, , Hi 2k S A BEOE
A A0 =532 nm. fEH— = PR T
SEPRfE ¥ T 5.73 mm, AN HWJE R I =
konlysyEcxd/2, W Eo AN %58 . SBN f
R H G R HL 72 =235 pm/ V.,
2.2 Lieb-5 S1&

Lieb #hk& n] DL el 75 il J) 9 AN (5] A9 DU 7 b A% &5
ISR R 2 ey 22 D, 250 H ., A SCRFSE 1)
Lieb-5 AT LA PR JE 1 2 e 3+ 10Uy Ak 47 &

HTH. hnn, R A BB R HOEIE SR . ARSI Lieb-
Z W AIT AT T X005 B A 25 20 S AT 4 i 5 fnAs Rl DL AR O
I, sin’3(X —iD) sin’3(Y — ;D). iD<X < (i +1/3)D, jD<Y < (j +1/3)D
Iysin®3(X —iD)sin®3(Y —jD), iD<<X<G+1/3)D, G+1/3)D <Y< (G +2/3)D
Ly NI DS B D)y D S X <G DD. G 2/HDSY < (DD
L ’ =

Ipsin®3(X —iD)sin*3(Y — D),
I5sin®3(X —iD)sin’3(Y —jD),

(i+1/3D<X<(G+2/3D,jD<Y< (+1/3D
(i+2/D<X<(G+DD, D<Y<(G+1/3D

0, others,

(2

0819001-2



Es #

A X R Y S8 w9kl A bR DO A% TR
iP5 =0,F1,42,£3,51, Fl Iy 5351 R h0ds &
A A GEA 55 B X R A SRS R

I Lieb-5 fil A S A BT i A% A5 2 P 4L . R
DA A R G A B 1) irn ., B 1(h)
fii7n 4 Lieb-5 &b A% B9 5 B2 40 A, H & 7 fE ok
Lieb-5 fi & 19 5/ A B IT . D6+ S g 23 8] 43 A 19
JEV AP A A By o 23 () o A7 76 47 BR A5 44, 78 =Rl i

05 1.0 15 20 25 30
x

W, <<Ips In=1y, I,>15) FitH Lieb-5
18 A % BT A B A5 A A A R 2 B OR L, H &
ko BArR x .y oz HIBER SR, 7584 R
RIS RS X 1 A R 2% R T L Lieb-5 fhk% 955 —
MRS YA 2 SE I, RIELKOLK RGN
Lieb-5 fAA% (9434 15 B0 . 11580 B 75 2 % 18 vk 4B T A%
e 105 - Fe g (o NS A g S T N EI R e S e 2
Pt S IR G5 EP

©
TEI T
»

Bl 1 Lieb-5 f#& 9 () FEAS BT 5 (b) 5 B 43 A
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Fig. 3 Out-of-phase octupole beams. (a) Lattice position of on-site incident out-of-phase octupole beam ;

(b) two-

dimensional intensity profile of on-site incident out-of-phase octupole beam; (c) beam phase pattern of on-site

incident out-of-phase octupole beam; (d) three-dimensional intensity profile of on-site incident out-of-phase octupole

beam; (e) lattice position of off-site incident out-of-phase octupole beam; (f) two-dimensional intensity profile of off-

site incident out-of-phase octupole beam; (g) beam phase pattern of off-site incident out-of-phase octupole beam;

(h) three-dimensional intensity profile of off-site incident out-of-phase octupole beam
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Fig. 4 On-siteincident beam propagation patterns at different ratios of I, 1p.
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Fig. 6 Off-siteincident beam propagation patterns at different ratios of I4: 1.
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