Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

FERER ST KRS
WE S UM AT A REBF
Topological corner states in acoustic honeycomb structure

Hu Jun-Rong Kong Peng BiRen-Gui DengKe Zhao He-Ping

5 Fi{# B Citation: Acta Physica Sinica, 71, 054301 (2022) DOI: 10.7498/aps.71.20211848
TEZE [T View online: https:/doi.org/10.7498/aps.71.20211848
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

&S R Ao R RS | B Gk (AR Gk S

Broadband periodic and aperiodic acoustic topological insulator based on composite honeycomb structure

WIFEAEA. 2020, 69(2): 024302 hitps://doi.org/10.7498/aps.69.20191454

ST RS diA P T A U P R N S A

Dual-band acoustic topological insulator based on honeycomb lattice sonic crystal

YIFIEH. 2019, 68(22): 224301 hitps://doi.org/10.7498/aps.68.20190951

“HERIMEGAR SRR MEG IR R PO HL T RERE AT
Angle resolved photoemission spectroscopy studies on three dimensional strong topological insulators and magnetic topological

insulators

YIBR2A4R. 2019, 68(22): 227901  hitps:/doi.org/10.7498/aps.68.20191450

B M SR R B 4 R S AR T A

Higher—order topological insulators and superconductors

YrHE2A4R. 2019, 68(22): 226101  hitps:/doi.org/10.7498/aps.68.20191101

BER R — T R IR AR F ML S A RS RO

Topological phase transition based on structure reversal of two—dimensional photonic crystals and construction of topological edge

states

YIBR2F4H. 2020, 69(18): 184101  https://doi.org/10.7498/aps.69.20200415

THEAA IR ME SRS

Research progress of two—dimensional organic topological insulators

YyFEEEAR. 2018, 67(23): 238101 https:/doi.org/10.7498/aps.67.20181711



) 32 2 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 054301

AFEEEMPRRINES

HERY LA YT

LN

WAV A DD

1) (FEREYHER, HE 416000)
2) (RSB T4 B, KU 410205)
(2021 4 10 H 5 HUEl; 2021 4F 11 H 15 BB R)

195 B H D A G ACOR T AF OR e B — 2 A R IR A M BB R N AR, B RTE AL P 2R A
B R G S AR SCR B (AR AR,y e F 50 T — T A 7 2 A R S VR T P N R
TR RE & A S S A A MRS, BRI ISR MR RG AE 1 75 2 — Br dh Fha ZR 0 . 85 5 R A #h Pk ST LA
BRI Qi R AL, X Qi = ONF, RGUEFREM; M5 Qi = 1/20, REEIIMA. BT XML,
SRIETE T 7N IR = 00 S5 R 1A P 2 A A AR TR 11 e 5 4 R v S LI B T ST 0 R A AR A BT
G5 R FUA A AR SR B0 7N L2 S5 R X i b B A S B, 24N A SCROSRIMA S W TR b
PREGBITSE, Rl a] Sy B P o 22 40 vh 1) B R BR o P 4R 1 — 2 kA

R PR, BN, s
PACS: 43.35.+d, 03.65.Vf

1 5 =

TN ZAR TR R AR N a2k, (R R T A
FEAERR B R IR A XA RS Z R N A
1, BABUICT | T 0 SO SRR, S
T L A VA N A, Az 3 T Y
HR )2 e D=0l AR AS R A R-3 X 02, mT DL
PN AR 53 A A5 B N 5 AORT 3 B I 2%
. ARG NG AR R — B4 ik, A
A ARSI — AN A, B d 445 B
(d — D) 4ETCREBR I A M ib Sk 24
i 517 1106 7 4C0E2 3 N S /(B k2 S NP U R o
A HIRGERIE 2 R, = s SR il i A 2
FLARZEFIIR 3 4ERE, Bl d 4E55F 2 (d — n) 4E)
WARE, Hdhl <n <d. I RIMEGIATT LI —

DOI: 10.7498/aps.71.20211848

RN =Y L5 R, — b AR TT LU AE = Heg i
ez 1610,

T TR AR TN SR AR LB IR Y B R B
AR, S5 AN G R B TCREBR 1Y — 4
HANOFSARR, 4 — b SR BAT 240 b
PP 4R M 7S . 2017 4, Benalcazar 45 1
TR 3 T 2, 31 T IR AR N 2
RIS, 2N G AR B e ry PO e, H
NAR A ZRIMAP LM, BS, DORE
PN BARTE Z D 2 B R G S IR, ey 12
A B3 M R G AR Ak OB i Sk Ak 2
Ja, XNARZ M nh s S kg ok 3L, Horp i i
H & Wannier 288 19 B3R b x4, & B3R b
AR 1 5 AR ACH A OGS Wannier H.0 R 38
1 Kagome F# 15-181 1 — 4 SSH AR [19-21] i 2
WAV Wannier 258 Z Firhfba k. mil, A5

*ERAAFIEE S (S 11964011, 11764016). Wi A B F T RHF S 4 (HEHES: 20C1530) M B K¥ 4 #HES:

Jdy20026) % BT EL
t iBfE1E#E . E-mail: kongpeng@jsu.edu.cn
1 iBfE1E#E. E-mail: dengke@jsu.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

054301-1


http://doi.org/10.7498/aps.71.20211848
mailto:kongpeng@jsu.edu.cn
mailto:kongpeng@jsu.edu.cn
mailto:dengke@jsu.edu.cn
mailto:dengke@jsu.edu.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 054301

KBRS AT BN (5T ) S50 P A 7E A 25 222,
FHBA TR DU 2 X 5 DU E SR T4
GARIEML. AR, DUBRAE SRS M G R T BEIE B
M R VR T, T 86 8 45 0 L 7 220E /TR 5, X
FEF S RGN 5 9. Zhang 45 PV fE 7 4 R 4t
ML T RS A I B R MG, (E AT
JEWEEES SRR MAAS, JB TR (FEAE T4
RSP AR ARG ST ), b AR B i 25 A0 AR ik
FFITSE.

ARSCR T — iR R P M A, T
P ML NS (linwa) FOKE AR S (liner) FY 558 BE
AL LU AR AN AS - AR SN Linter/linwea = 15 24
linter /lintra < 1, RGIELTHI; 2 lincer/linea > LI,
RGN "I RN AR. BRSO IE R =
IS, BT T PRl RGP IR MR, K ELR
A UL T M B 7SR e 8 S R AR AT B A A7
TESZAIMAA YA AS, T LAGRsE — o R S 1 B I
HAT B

2 HFRAE
2.1 FEEEBNG

T HYEFE 2R R A R 1(a) B, BRI ST
e -y VN (2 710G, Kb iE @ Sing 2R
M LSRN, LR I R IR 1(c) T, B
i F) 255 = AR ZE R A 1(b) B, B P A oN
WRIE =ML S8, KR L =6 cm, M4
HF2Z B R R r=8V3/3em. i =¥
(A 5 1) #4051 v X R O ) A, AR A
MNRGHA Coo W FRME, fAS 5 EN N a=3r.
AT Z AGE R A i, T
Z EVRE A T 58 I 98 BE R linera, /AR T 6
ARG TR EE, S T AR, B lnea I HEPIHR 5
[, liner (HRLPY S5 S ME T 22 (B A I S hy
P TEAR A. 308 3 8 FE P F R IR B i KD, AT LA
AR 7 2 WA T A5 R B BT DA BRI . 1] 1(d)
FN R EE —AR LR X A SO AR
i 3 A R JC SR i %% COMSOL MULTIPHYISCS

2.2 fEEEHESHIMEE

TR HIIANSRIBT T, e S M AR R
TR T A BedERE SR (B TRIEMIMESIE),

T 3 FT IF Ak PL 5 5 A SEBLRE T S L PR A A
A [426] A SCUE T A W T 45 AL R R A0 ik, Sl A ek
15 PR G ] P R 5 AR R R 45 T 2K P v S B AT
FEREH]. B 2(a) TR T RRIFE G RE T /1
i AR REE S5 Y linier /linwa = 1B, ZEAT HLIHIX 1Y
I B — AP RIE R, TR T Xk e, I
TE AL 3 AT 38 Ao BE A T S D POk i R (2226271 24
linter /lintra 7 1IN, W0 6 87 JF: 150 53 24 B A 3 137 O
A, K R I A B ARAE AL E 2(b) Frs . Y
linter /linra = 0.4 B, d MR L p IR =, W
H Z A B IL Ol 1408.2—1749.7 Hz, BLHFHT
B b7 R — X A B DU A, LT dy, BB,
KT o[y A WK EE AT dpe_ o RUFLIE, CT
x [y HEXTFR; 55— 71, ZEAR BR R 5 B — % R
H eI, 5T p, /p, BBHE, ST o /y Tl E X
FRECH AT RFR. T2 linter/linwa = 215, d SAYHRFLL
p MK, P Z B BE FA 1425.4—1738.5 He,
% BE DU S day /daz 2 FUEE A BEER S p, /D, 3
ST BRI L7, TR AR A IS
T, d A p B E KA T S, B & T RE
.

(b)

K1 (a) A2 s 450, 6 XN B (b) B =
LRI (c) BT 4 R IR (d) R R F A —
KX, by Flby MK TIHK, Ho by = 21 /a(0,2v/3/3),
by = 2n /a(1,v/3/3)

Fig. 1. (a) Acoustic honeycomb structure, theunit cell de-
picted in blue areas; (b) three-dimensional structure dia-
gram of a unit cell; (c¢) enlarged image of two-dimensional
structure a unit cell; (d) the first Brillouin zone (BZ) of the
unit cell, where the reciprocal lattice vectors are
b1 = 21 /a(0,2v/3/3) and bs = 27 /a(1,/3/3).
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Fig. 2. (a) The bulk band of the honeycomb lattice when lipter/linra = 0.4, 1.0, 2.0, ; +and —, for even and odd parities, respec-
tively; (b) the corresponding acoustic eigenmodesat the [ point; p,, andpy display pseudospin dipole modes, while dyyand dy2_y2
mark pseudospinquadrupole modes; (c¢) topological phase and band inversion;The honeycomb structure has trivial phase

(linter/lintra < 1) and topological phase (linter/lintra > 1); it can also be clearly seen from the figure that the band inversion is accom-

panied by a topological phase transition.
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Fig. 3. (a) Hexagonal honeycomb structure; (b) and (c) are the frequency spectrum of the topological and trivial hexagonal honey-
comb structure; the black, blue and red dots represent the bulk, edge and corner states, respectively. (d)—(f) The eigen fields distri-
bution of bulk state (1327.5 Hz), edge state (1543.4 Hz) and corner state (1566.1 Hz). The inserted clockwise arrow represents the

spin-down pseudospin. The “ + (- )” signs are similar to the topological charge on the corners.
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Topological corner states in acoustic honeycomb structure
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Abstract

In recent years, a new type of topological insulator, termed higher-order topological insulator, has attracted
tremendous research interest. Such exotic lower-dimensional topological boundary states have been extended
and reproduced in classical systems, such as optics and acoustics. In this paper, a two-dimensional acoustic
honeycomb structure with a triangle resonant cavity is numerically studied. Topological phase transition is
induced by gradually adjusting the intracell and intercell coupling, and then the topological phase is used to
construct a second-order topological insulator. The topological properties of second-order topological insulators
can be characterized by using the quantized quadrupole moments. When quantized quadrupole Q;; =0, the
system is trivial, while Q;; = 1/2, the system is topologically nontrivial. We investigate the acoustical higher-
order states of triangular and hexagonal structures, respectively. The gapped zero-dimensional corner states are
observed in both structures, but the robustness properties of the corner states emerge only in the hexagonal
structures but not in the triangular-shaped ones. The topological corner modes will offer a new way to robustly

confine the sound in a compact acoustic system.
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