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Fig. 1. (a)-Bulk band structure of a two-dimensional phononic crystal with a square
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lattice, consisting of a rubber cylinder in water. Inset: the unit cell. (b) 3D bulk band
structure around the M point, corresponding to the dashed region in (a). Here, the
lattice constant and the radius of the cylinder are a =1m, and R = 0.15a,
respectively. The mass densities and sound velocity of the rubber and water are: p =
1.3x103kg/m3, v=500m/s; and p, = 1.0 X 103kg/m3, v, = 1500m/s,

respectively.
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Fig. 2. (a) Bulk band structure of an obliqlie/lattice with the tilted angle o = 70°. Inset:
the unit cell (Left); the enlarged band striefiire around the Dirac point near K, point
(Right). (b) First Brillouin zone of the oblique lattice. (c) 3D bulk band structure around
the Dirac point, corresponding to the'dashed region in (a).
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Fig. 3. Projected band structures along the k, direction of the phononic crystals with
a square lattice (a) and an oblique lattice with a = 70" (b). (c) Interface state
dispersion along the k, direction of the interface constructed by two phonenic crystals
with the square and oblique lattices. The black and pink linesr dengte“the bulk and
interface states, respectively. (d) Left panel: the interface constructed-by two phononic
crystals with the square and oblique lattices. Right panel;»the‘eigen pressure field
distribution of the interface state at 937.4Hz.
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Fig. 4. Bulk band structurés along the k, direction of the phononic crystal with an
oblique lattice with @/=.70 “for k, = 0.6/a (a)and k, = 0.857/a (b). (c) Bulk
band structures alongithe. %, direction of the phononic crystal with a square lattice for
k, = 0.85/a “Théyred and blue regions represent Im(Z) < 0 and Im(Z) > 0,
respectiyely,
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Fig. 5. Interface state dispersion along the k, direction of the interface/constructed by
two phononic crystals with the square and oblique lattices with @ =50°. The black
lines denote the bulk states. The pink and green lines denote the mterface states.

BT e B AR, AR SO AR T AR J B [ AR R . FRATTRG K
HETE T IEM NG b AT FVERES, Wi 2 e = 1m ¥ — 48/ 1 difA.
o, SMEFHERER = 0.215a, SRS AR =% E 208 p=77X%
103 kg/m3; po = 1.18 x 103 kg/m3, ‘EAHVHGINB 7 A R AN : v, =
5850 m/s, v, = 3230 m/s; v,y = 2605 m/s) v, = 1068 m/s. 1EJ7 k& AR T
it (o= 70" Z5RIIARRET Q] 6 (@) 0 6 (b) Frm e IR AWK o s MR P2k
FLve S ATPORAEAE . [FIRERD, FRATIEEIX PP 1 M B 7 R ST, AL
[ H7 BRAR N, AE RIS AR, il 6 () 72 Bt BB R FTs o bk, B 6(c)
A I R R R T AR NS 29.6HZ K AL A AE AL RS 3550 A o

(a) (b)

% e

X M rr M, Ki
K6 BREETESE A B TEHE IR il 47 TR (a) —HEIRTT Ak =
TR E . (b) iR Ao = 70 RN A RINAET 4514, () K
HT IR P75 i AR B R a5 R ST ) ST S UBOR R I LR R A A
. A S N529.6HzM A A ARIEALFE 5 7545 o
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with the tilted angle a = 70°. (c) Left panel: the interface state dispersion along the
k, direction of the interface constructed by these two phononic crystals. The black
lines denote the bulk states. The pink line denotes the interface states. Right panel: the

eigen displacement field distribution of the interface state at 529.6Hz.
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Zak phase induces interface states in two-dimensional

phononic crystals
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Abstract

Interface states have great practical applications,«therefore, searching for the
existence of interface states has both scientific significance and application prospects.
In this work, we construct a two-dimensional phononic-ceystal with an oblique lattice
possessing linear Dirac dispersion, by tilting/that’ phonionic crystal with a square lattice.
Dirac dispersion causes a © jump of the Zak{phases of the bulk bands, so that the
projected band gaps at both sides of‘the Birac cone have opposite signs of surface
impedance, resulting in deterministic interface states at the interface formed by the

phononic crystal with a square lattiee and its tilted partner.
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