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Figure 1 Schematic diagrams of the phononic crystal and unit cells.
(a) Phononic crystal with periodic distributed T-shaped scatterers; (b)
the unit cells, where the white scatterers represent the initial position
(¢=0°), and the light blue scatterers indicate that they rotate a
counterclockwise around the cell center.
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Figure 2 The band structures of the phononic crystal at different rotation angles. (a) Two Dirac cones appear at the high symmetry point K when a=
0°; (b) the two degenerate points are lifted to form two complete bandgaps when 0=—30°. The right insets show the pressure field distribution of the
eigenmodes and the direction of the sound energy flux vector at the high symmetry point K; (c) the eigenmodes on both sides of the fundamental and

high frequency bandgaps are reversed when a=30°.

WG To I — 2 Hhah, KPR R FR K (K ) Ak
FIfEi HEREAT, AT TP DirackE I B e 4 bR, 2
a=-30°, 0°, 30°fRe T 4 . ZEER2(b) M), 4
a=-30°F130°H}, 7EFEA2.68~4.64 kHzF1 Y &= 4
7.84~9.55 KHzAL 7 il I S8 A bR, AR FRIA AL, =
X FRK A5 AL DU AN REAE 2 16 e 7735 90 A i B 2(b) Fl (o) 47
e BT, ACFRRT LR B, 7 B R 3 S RE T BT B
FIAEAS B AN A J7 M A e, Hdo=—30°F130° 0 1) 3
Wil v s IBASFE ilss s s MRS A B TT IR KA T =
B IR RN TR 8] HF SR T 2 S BT AR R B, TR
ANIF IE AR5 e 3% f o T B T LR B AN [B] 9 # b AH.

T A EEIGE RTINS, 5 A XU
7 ¥ A AH A2 i R W] DA F 40 S48 05y SRR A 34T
BHT, DAEE— BT H 45 0 b 4R N RS AR
A T HRACKRMEN S 7 ik, HiniMeink
B AR

1= (KVLIKDD, (1
Jerb, (1, = #11,"-#1,, #11," ([1=1.X.M)
ST S R R 7 RS B AR A TR LA e B vt

FRPEARAEA ™™ ViR 4, W DL EL @ I ST
PEAMEAR S BOAR AL B SRAT X B (. &3 (a) BT,

X Fa=-30° e BUCT, @iy B AR A FH AL
BIRRRC T, ), K, K, W7 RA 5 45 B AR
B BRI IR By = (-1, 1), X T a=30°H
JCHIUC2, AR EI3(b)H I AHAL I PT LIS 2y = (—1,0).
X7 A G 3 AN [F) T 46 b F by = (0, 0) Y ~F i G i,
AATTER A2 S B AR R R A R A, X R B LA R
P A 25 AR R S0 B A T B 1) 3 S A A SR BR A
HIfAs. Had, P o Wannier 047 T o Y J1
s, TR AR R GHUCT, UC2(% WannierH 0
W5 AEFRERAAR S, S HIMERR Z 1% R
?(\:,[31]

P = 2K,V + 20K,V (@ +a,). @

DR, ST e IUCT, H AN o 430 B AL (R A Al 4K 35)
HP = 3(a,+a,) = —3a,— sa, AP,
TN AR FE R IR B R R RR A, 3R e K Wy ckofffir
B, BNEXRT P O EERE T _RAZN. 4
G ARRAL A, B TS UCT B Wannier s O AL T
Wyckofffiz &b, 1EI3(c)Fir. MUC2HAERAL
NP = %aﬁr %az, Wannier .0 T Wyckofffiz Ee, 40l
EI3(d)Frs. BTRURIR, Joit e FEAns Bk A2 s A B

1315



KBRS 7T ARk o 2 AU A IR R A S

,Kz

r K

(c) (d)
x=(LD x=(-10)

Bl 3 (a)scMIUCTAI(b)CABUC2 I X BR s T AIK A E S
JESIHMAIE. (c)7eBUCTAI()7e RUC24R B bRy LA K X
N Wannier 0a 73 A

Figure 3 The phases of eigenmodes of the UCI (a) and UC2 (b) at
high symmetry points I" and K. The topological indicators y and
corresponding Wannier centers of the UCI (c) and UC2 (d).
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Figure 4 The band structures of supercell S1 at the fundamental (a)
and high frequency (b) regime. The blue dotted lines represent the edge
states, while the black dotted lines represent the bulk states. The light
orange areas are the edge bandgaps. The eigenstates in the right insets
are the edge states at k=n/a.
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Figure 6 (a) Schematic diagram of triangular structure I and the
enlarged view of the UCI domain where the Wannier centers at the
boundaries and corners are marked with red dots; (b) the eigen spectra
of structure I at fundamental and high frequency regime; (c) pressure
field distributions of the corner states of structure I at fundamental and
high frequency regime.
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fundamental and high frequency regime; (c) pressure field distributions
of the edge states of structure II at fundamental and high frequency
regime.
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Figure 8 (a) Schematic diagram of the parallelogram structure and the enlarged view of the UC2 domain. (b), (c) The eigen spectra of the structure at
fundamental and high frequency regime, where the light orange region is the edge bandgap of supercell S1, and the red arrows point to the corner
states; (d), (e) the pressure field distributions of the corner and edge states of the structure within the fundamental and high frequency edge bandgaps,

respectively.
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order edge bandgaps after applying two types of disturbances.
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Multiband, valley-selective corner states in phononic crystals

ZHENG ZhouFu'”, YIN JianFei'”, WEN JiHong'”, YU DianLong"” & CHEN Xun'’

: Laboratory of Science and Technology on Integrated Logistics Support, National University of Defense Technology, Changsha 410073, China;
? College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China

Acoustic topological insulators can exhibit topologically protected acoustic boundary modes that are immune to backscattering and
defects, which is an effective means for achieving fine control of acoustic waves as desired. Among these insulators, two-dimensional
higher-order topological insulators share zero-dimensional corner states and one-dimensional edge states. Their acoustic manipulation
capabilities in multiple dimensions have attracted increasing attention. Herein, we propose a Cs;-symmetric unit cell with multiband,
higher-order topological states, which enables the activation of different corner states by rotating the scatters angle. These states with
flexible illuminating and darkening characteristics have practical significance for wave energy localization on demand. Compared
with traditional single-band higher-order topological insulators, the phononic structures designed in this study can simultaneously
perform waveguide modulation of edge states and selective excitation of corner states in both fundamental and second-order bandgaps
and possess defect immunity robustness. The multiband characteristics of these high-order topological insulators will be conducive to
expanding the operating frequency regime and bandwidth of traditional single-band devices. Additionally, the valley-selective
excitation characteristics of the corner states can promote the practical development of high-order topological insulators in multiband
acoustic energy trapping, detection, and collection devices.

multiband corner states, valley-selective excitation, high-order topological insulators, topological phase transition
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