) 32 2 3R Acta Phys. Sin. Vol. 73, No. 15 (2024) 154302

EEFENRFRIMNMEERRAES

b B S N~ DL ROk

B 2

fks® A

1) (FERFWHR, E  416000)
2) (RSB T4 B, KU 410205)
3) (KIPH T RISl FRlA2E0E, Kb 410114)

(2024 4 5 F 7 HYgF; 2024 4£ 6 F 3 HURENE )

VOB FHh b g G A S AMTTHR A 58— R m I R N S A, e B Al DO T A B AR . DA
TR SE 0N TN R L R NS U RO ENDNTTPUE 252 I SR (4131 3 SE/E S U R oS W S B A - O B )
Pr BRI S T AR CLRE X S R TR TR 20T ISR TE, FORE A% 18] 55 25 8] 4 4 b 45 H S A s 25 0 1
PRI F AR . A SCHFSE T 75 2 DU TSR e A b B L B 2 TR BT T AT AR B 75 2 DO AR T 2 2 A i
AR BSR4 S L7 PR AT AN R 90 A ks it 5 04 £ 7 Akl 2307 A= mT DU 1/2 A7y
o i RAE AL EEAS . S e RGEN ARSI A BRI, JoiiE 1 e HR M S S A B B . AL, SRR Tl A s AN
[l A ks 64 75 2XRT DB BB A A A A0 B AR AR R BT B #h MO 5 2 9 98 T N LA R e A
AR, I B P A G A 7 2 v B T (AP A R s P RE R R AR ) BRAIE TR I SR S

KA DU TFIRFNAZR AR, TR TR, SRS
PACS: 43.35.+d, 43.50.+y, 03.65.V{

1 5

DU T Fh M G AR AT B 5 — 2 i By
M SR, BAT &1 B DU AR AR T A S
1 T AT & S AR M B S DR 1) RS
9 S 4, PO T SR M G A R L 31 i 1AL 5
FRPAR- T2 608 IO S 28, AT R 000 39 SRR 448 182 4 3 4
WIS P PRI 2 B SR A A S 1L 4
FIM A A o P R DU 7 F M e A Pl Ly 3] 121,
BT, i T PO T b A TR B H 5 TS B,
WEAE R 2 Dl TP 2 A U AP A3 3 1)z 0t
% [2,16—19]'

RIS PRSI S 11 T PR (S BT I 5%
Z, E R S T A A MR B A Y 5, f

i

*ER HRBIARES (IS 11964011) % B AYTREL
t BIEVEE. E-mail: wxyyun@163.com
T iBIE1E#E . E-mail: kongpeng@jsu.edu.cn

© 2024 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.73.20240640

mn A% 150 5 25 0] I H AN A A0 5 LR A 1 LR R 3R
. A7 A AR S AR AR TR A 2 [ e ) ke e
e, MAE 5 & (Burgers vector) NRRE, £ 45
AT DAL $h N 5 A e ao 348 Jn sk 3 B a3 A A A6
R SEER 2022 A BRIF R, A (S lEN) 515
25 (8] R SCAY BB T 40 1 22 18 (8 AH B AR FH AT LA At ok
VLA WS AP BN . He AR B i 1 A A
FEAS RN F 2 G A i AR AR F M RR I 23 0L S ARk
VFZS IR /NN A7 At 25 O T 58 328 5 5 1) 1 20 L%
AR ZR 12628, FE X BB 5 o 3 2o 25 PR A A
IR i A I, R E T HES N H M S AR ) T o3
RS AT A . SR, X655 AR T A% ) o0
S5, TR S PR E AR ME S B

ASCHWFFE T P 2 DU -4 N kAR B4 43 45
. BT EOREERY | PR AE VU TR i i

http://wulixb.iphy.ac.cn

154302-1


http://doi.org/10.7498/aps.73.20240640
mailto:wxyyun@163.com
mailto:wxyyun@163.com
mailto:kongpeng@jsu.edu.cn
mailto:kongpeng@jsu.edu.cn
http://wulixb.iphy.ac.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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 15 (2024) 154302

S e 2 GE PP N R B RE 5 P kA E—20, e
B 2 DU FHhF 2 fR e i i A B 70F R
AR FRSE AR AR 3l i S e PR R S D G A
HERE A Z AR A SR, TR s DU R A SR A
PRSL AR R EE, AL RELE PR AS [F] 304 AT SR T B
PSR F AL O 2 AR A, EALEEZAS T U 1/2
ALY PR AL FEASSCH, a8 A R AR
A% 007 AR P 2 DU TR b S A b A T e
FBIALEE, AR T AR BY AR AE A, 7
B pSEEANAT RO LN IV O W TR AT RN IR =
PE, B0 T U PR MG D AR 1R SE

2 HRAR
2.1 FEFENRFRIMNESGEETR

AT 3 T 75 22 DU T F AN G A 1) SR R
AL G i R WA 1(a) B, — R
TS 4T ATEUER IR (AR, Hhi
SWATHES EL T ML NAB S || FBEIETRES (A, 7051
M AM LR R, LLEFIR TG, I EFRR ER
A MR YA AR 1(a) IR 65 HE
FRICHERTTAK Th, AH N 4 A T R 2 4 i 7 2R Ry

wo hiz 0 hag
hiy wo has O
= L

his 0 hiy wo

Horp Y23 (0] o AR IS AR ) i ke = (ko ky) , hao =
yH+deT Ry hyy =4 e e hog = —y — Ae ke,
has =+ Aelfv . T TR UL, 4 2 J7 10 F y J7
[r] F) e B L O B K 1

BET MR REARY | MERGIRBEN || < | A,
VUK - FF D2 % A LR B 220171 DO P AR F A 2 4
IFRE MR AN BE FHIRBOR A, R B8] Y 9 2%
FLJEIRAT & AR . X 4507 AR AR S 2%, (H
S B AN RA B AR URGE 2052 P, DURFR
N AR ST B e R Qo = p,p, = 03K
125 Fr p i p, VSR o By VR DT T
PR AAE. DU T F NS L AR ) 4 4 M 7 2 Tl
XFFRPERARAR, MRS SR |[y| = AW, IR RO
& Oy MTFRYE, BT LAVOIR FHH M ZAK P, BT 5%
A ] R 073637 SRR IR EE |y < | B, /KR
() Cy M FRPEBAT AR AR AT E 2 F1 y 71w

I BEAGRT R 223658) AR FRAT TR e — A 75 - i A
e SRR

FEIRE P9 75 27 DU AR RS AN 1(b) i, B
B RS B BN o = 42 mm; H A % 65  FKos
4 A PRI IR I, TSR B R RN SERR N L =
5mm, & H = 20 mm. #@ERE S P, K%
R T 1(a) B AR AR A B T H BERLIE. N
E 1(b) 7R, FE75 2 DU AR i | AT AR
[FEERRR G, DITEA R EARFZEAIR
A, IS T B (A 058 T) Fm 7as
A, S (HOEF) RomIERA 17 RS
AN E S RN G, PIARBH R &8RN
FLTRTRR A, 3 Fh e 1 1 By =R 1 SR o
HA n (REE. #E IR A8 RS,
T RS A R ST AT AR 1) AT 3RS AR Y
2 DU F-F FNAE B R B9, Xof AR SC 4 75 2 DO A
FETRY RS DU TR A I B S A T
KIS BRI A M50 L = 2.3 mm,
Ly, = 6.5 mm, [ 5 /INi A48 0 A 1 K A5 R
Ly = Ly = 1.5 mm. fEBMTR R, #ad A
FR JC K 4y COMSOL Multiphysics #F 47 4 i 45
L, FESEAT RS ) 3B T A XA 251K FH AR 40 Ak D A
4y

FHEE DU AR N AR (B 1(b)) BB 251
WE 1(c)(BAaihLk) iR, nTLIEH, ARk
A Y P, BTE UM TN S R 43 24 T 6
AT FTH A BRYE A 7558.7—8359.8 Hz, H
TR AT HH A # R A AT T 1. A T ST HER,
FIUA SHOTE 2 BRI 51, BoR
SRR TR R wy = 3970 Hz, v = 60 Hz, \ =
340 Hz . E45BANE 1(c) e s iR, Wigg
B, FUG S50 5 P A VUM TR N AR A TR
TSR AW A X RIS M N BREE [y /DT
[ BRAT |A| B, DUBFHFha i i Bl T, Hod g
4 Goy = 2paDy = 1/2 [1,40,41]

DU 70 F 2 2R AR I SRR AE 22— 2 BRI 1) 57
TFHVEAL I FZS. R T LI 2 DU T F s 21k
TS, T T B 4 x 4N FR BT A U i 4
PR S5, A5 B AAEAT E an i 1(d) B, TR
W UL H], 4 DN AANLT PP T
TFRAR BE RN, SR f1 = 8068.9 Hz, f, =
8069.1 Hz, f3 = 8101.9 Hz Ml f, = 8102.1 Hz. Hiit
[, 2SR IMAEAT BN (R). SEgHh

=

154302-2


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
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. 73, No. 15 (2024) 154302
A4
(a) — —y mm —\ — 7 =mm) (C)S_ = e T
T T T S S S EERRESS))-
— N — N — . D:
| a | 0
| B
5 —_
— — g M
I - 4 I = ool ré—x
O e S _\/—
R . .
r M X r M
I o Bulk states R
e Edge states ..o"'....
|  Corner states
0 10 20 30 10

P1 DR T3 D 2 G (A B 5% R A TR R o ) 7 A R

Solution number

(a) 4 R AP RIS R T, D B i B el AR — A T A e

BT HUE, O HENER -, SRR IERG, AR TG, MR ARG, AR MBS (b) /2%

BT F I G A Y R I 45 0, B (A AR A S 7R Al iR, AUSRTE A BE Y L LI, PRI G B A B R E IR (AL (bRl ) RN T
i, e (HEAART) FRIERG; (o) A5 T AR BB 454 (RO ML), 20 @MU R BORaI R H A, "TLUE I, diA
TS B R A R R R A P AW A AR (d) 4 x 440 B IT T 515 B A0 75 22 DU AR T 3h Fh A8 S AR 1 A AE
B, 75 P, BT IF A9 BV B Y 28 B0 M A (L0 A0) 2 DO T3 Fh e S (A &5 B 4 D 48 G AR Y RRAE 2 —

Fig. 1. Tight-binding (TB) model and the corresponding acoustic model for QTI. (a) Schematic of the two-dimensional TB model.
Each yellow circle represents a spinless electronic orbital, and the light shaded square sketches a four-site unit cell. The blue lines
indicate the positive hoppings and red lines indicate negative hoppings. The thin lines represent intracellular hoppings and the thick
lines represent the intercellular hoppings. (b) The unit cell structure of the corresponding acoustic model. The yellow rectangular
pillars are the resonant cavities, representing spinless electronic orbitals. The straight link of two tubes (marked with red) indicates
the negative coupling, and the crossing link (marked with blue) indicates the positive coupling. (¢) The band structures for the
acoustic crystal (black curves). The red scatter are calculated from TB model. It can be seen that the coupled bands from P, modes
in acoustic crystal agree well with these from TB model. (d) The band structures for a finite-size acoustic structure with 4 X 4 unit
cells. The corner states (marked red) are observed within the gap of P, bands, which is one of the characteristics of higher-order
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Fig. 2. Line-dislocation states. (a) The model structure to introduce the line-dislocation states. The orange rectangle represents the
trival lattice, embedded into the QTI. Black thin lines indicate the weak couplings which are reversed from original strong coup-
lings. The red circles are marked as the dislocation sites. (b) The band structures for the line-dislocation model. It can be observed
that two line-dislocation states (topological states in real space) are located within the gap of P, bands (marked as red). (c), (d) The
eigen fields distribution for the two line-dislocation states with frequency of 8298.2 Hz and 8298.4 Hz, respectively.
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Fig. 3. The bulk-dislocation states. (a) The model structure to introduce the bulk-dislocation states. The orange rectangle repres-
ents the trival lattice, embedded into the QTI. Black thin lines indicate the weak couplings. The red circles are marked as the dislo-
cation sites. (b) The band structures for the bulk-dislocation model. Two bulk-dislocation states are observed within the gap of P,

bands (marked as red). (c), (d) The eigen fields distribution for the two bulk-dislocation states with frequency of 8145.4 Hz and
8146.1 Hz, resepectively.
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Fig. 4. Robustness of line-dislocation and bulk-dislocation states. (a) The acoustic model to verify the robustness of line-dislocation
states. The bold circle denotes a bigger resonant cavity with length of 7.5 mm (1.5 times of that of original cavity), indicating the
introduction of imperfection inside acoustic QTI. (b) The corresponding the band structure for the model shown in (a), insets dis-
play the eigen fields for the dislocation states. (¢) The acoustic model to verify the robustness of bulk-dislocation states. A bigger
resonant cavity with length of 7.5 mm (1.5 times of that of original cavity) are introduced inside acoustic QTI (marked as bold
circle). (d) The corresponding the band structure for the model shown in (c), insets display the eigen fields for the dislocation states.
It can be seen that both the eigen frequency and eigen field keeps almost unchanged for the two cases.
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Abstract

Quadrupole topological insulator (QTI) is the first proposed higher-order topological phase of matter with
quantized quadrupole moment but zero dipole moment. The QTI has expanded widely the traditional bulk-
boundary correspondence, thereby the lower-dimensional topological boundary state can be observed. The
recent interest has turned to the bulk-dislocation correspondence, which dominates the topological states
localized to disclinations, and links the reciprocal-space topology of lattices with the appearance of dislocation
states. Recently, many research groups have turned the studies of dislocation defects to classical wave systems.
In these researches, the method of inducing dislocation defects is to remove a portion of the lattices of
topological insulator and then rearrange the remaining lattices of the topological insulator. Through such a
method, the micro structure of the lattices is changed, but it is difficult to realize in the actual operation. In
this work, we study the dislocation defect states in acoustic QTIs. The acoustic QTI is designed by reversing
the magnitude of the intracellular and extracellular coupling in the system, and the bulk energy bands and
topological corner states are studied. Subsequently, by introducing partial trivial lattices into acoustic QTI
structure, the dislocation bound states are generated in the corner formed by two different topological phases,
which can be characterized by a 1/2 quantized fractional charge. The robustness of the topological dislocation
states is verified by introducing the imperfection inside the system. Further, it is demonstrated that the
dislocation positions can be designed at will. Without changing the microstructure of the lattice, we successfully
modulate the line dislocation states and bulk dislocation states. The topological dislocation states studied in this
work broaden the types of higher-order topological states in artificial structures, and provide new insights into
the acoustic applications of higher-order topological insulators, such as sensing and high-performance energy
harvesting.

Keywords: quadrupole topological insulator, phononic crystal, dislocation defect states
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