Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

X T R ESSHIR A IR HME R BT A
HEAE FEM BRM HEL A

Topological properties of non—isotropic two—dimensional SSH model
Guo Si-dia  LiYu-Zeng LiTian-Zi Fan Xi-Ying  Qiu Chun-Yin

5 Fi{# B Citation: Acta Physica Sinica, 71, 070201 (2022) DOI: 10.7498/aps.71.20211967
TEZE [T View online: https:/doi.org/10.7498/aps.71.20211967
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

1 B H A ME SRR S A M SRR

Higher—order topological insulators and superconductors

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

ST B MRS R SEH TR S AR R P HR M 2R AR

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

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

A RO TR AT B S S R M

Pseudospin states and topological phase transitions in two—dimensional photonic crystals made of dielectric materials

YIBR2EAR. 2020, 69(9): 094206  hitps://doi.org/10.7498/aps.69.20191962

PRSP R R AL B

Topological invariant in quench dynamics

PFEEEAR. 2019, 68(22): 220304 hitps:/doi.ore/10.7498/aps.68.20191410

Rashba F TEFLERE G T square—octagon it 4R F M AR

Topological phase transitions in square—octagon lattice with Rashba spin—orbit coupling

YrH2E 4. 2018, 67(23): 237101 https://doi.org/10.7498/aps.67.20180624

BER R T R IR AR ML R A RS RO

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

states

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



) 32 Z 3R Acta Phys. Sin. Vol. 71, No. 7 (2022) 070201

Z & 0 SSH AR MR R

FEH

?]3 AE‘E‘ 7—%;‘

R

A&t

(EBUR =R HHAR =B, BRI 430072)

(2021 410 A 22 HYFI; 2021 4E 11 A 20 B Y 2IENH)

4 Su-Schrieffer-Heeger (SSH) 155 74 2 76 4 P B 405k 52 21| ) 32 WF 58 19— FhoR Y | HL A I/ Z2 e 11 4 2R

PERT. EJR T B b R, RS T AR = A

Re A 0] 2 = Ak B % 22 R4 25 (bound states in the

continuum, BICs) P58 M &, ARSCE e T — 4k SSH BRI 3R BT, 7RI HEAE Fi8IE T8 &M =
Z el ol BF 2 7R A A BLUK X 2 R AR B BE S, TTEE T RS AY A H ar B Ak 43 A R R A BE A A, IE] T Y
x5 1) L P R L3RRI [R) BR AT J LR A K, o 7 1) 3 2k FL e e AR & Ty I N4 S, IZ 088K TR
B, g m AR T BRI, R T B R RS S E R INMA . R, ET RS
SRR AR IR R T AR T AT DL G RO B4 1) Sk 4k SSH AR B b IR

KB IIMEZE, BTG, SR
PACS: 02.10.Yn, 33.15.Vb, 98.52.Cf, 78.47.dc

1 3

NIRRT 3, FEAS
JUMTEIE 828 BIFEE SR A8 T AR . #hFhay:
iAW Y A i R B R A B R R i T
IRV B 2% B 1980 4 Klitzing 45 [ 75 51 #E 3
HEE —REI T E T ERBE T, BEEAE
1982 4 Thouless 45 2 45 H 8 /K HL 3R I T-REA 1Y
PR EMER. &L ERE R LRI T T4
A YL S, RN B A S —A
MR R T . R bR T —
N AR NS M PR A AR R
FIANAR G ) SR A s, 257 A 23 ) SRy sl Ak 1) i B
. BRAREBOCH, RENIHIMAAL /L SR
T IRFEAE, MR i RSB A biih 5
TCIF 10 & 1 1 R 1) A% 9 110 300 2 25 55 B 70 T )
PRI B9 H TR R R 8589 —4E Su-
Schrieffer-Heeger(SSH) £ 7i J& HA B i #1 F

i

* ERHRFIERS (S 11890701) BE B
t BIEMEE. E-mail: cyqiu@whu.edu.cn
©2022 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.71.20211967

JOT 1) o TR BRLASEARD  J—F EA SE R R T LR T
H e Pk TR, R U M B L o KT
WERE JLF w i, 25774 — X R 7E A RS SSH
BEW R A, BRI 2 o /T w i, 1
FMRFAIH R X —IR AT NN i QA0
(winding number) HEATHIIR: Mo > wht, JHHEEL
1, ERRRARENEE; o < wihf, SH5EECH
0, RN R FHFNERE. X PRI [A] B # FME A fig
FEA G BR A FTBE T 2 P AH B e 4.

AR B XTHRFMI A 1 — 2D, A4
H T B a2k (high order topological insul-
ators, HOTIs) [ MO i k1A 1“5
B BRI MR A AR R R DGR b X T
d AEME G AR, — R BA (d — 1) 4E A,
M d4ER) n B AR BA (d — n) 430 BN,
nif 1< n<d. BEFERW, fE N —4E SSH #E A
MY, 78 4 1) AT BRI I LRSS B AR R IR R
ATHHAT O AR R . R B AR A 4 e PO
BRI Kagome fi A8 15 8Y | 5 I f s A€ 70 45 (12271,
BATA] SRR A A 229 X X il L

http://wulixb.iphy.ac.cn

070201-1


http://doi.org/10.7498/aps.71.20211967
mailto:cyqiu@whu.edu.cn
mailto:cyqiu@whu.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

) 3B 3R Acta Phys. Sin. Vol. 71, No. 7 (2022)

070201

AIRFFE R T HAS — | 4 (888 =, U4%) REATIE]
MDA 5 AR P30 fril, BEEBFRCRITRA, A
TTRBL T 7E5E 2N = 2k Bel Z M B FA A, 551
My, AR EAT T A Cy X RRPE R B4 XA A
DR FELE R (bound states in the conti-
nuum, BICs)#2=51. [AIIH, %33 M 25 00 40 F M
T R GEPERT ST AT LN AL EE.

NN R IHIMAZEC &6 T —Es
HEAL AR T, Gl BURFRIEER (Willson loop)
TR R DU (=R R AR ), AT
S H A AL 5 3 B i A . AR S AR Zak
phase & X 43N R FAFNE. (H DL A7 ik A I
JryBRYE, Toik il BE 4k SSH AL A o A 2502 ] =
AL I, AR SCFEA T LA TAE: 1) T4
SSH A5 R (1) 4% 1] [Rl 1, JFAE 45 17 ek & rp, 4R
B 15 AORISE —ARRE M A AE S8 2 BRI B Y ;
2) TEAT BRFT A RTEE T, 3 5 SR A 2 Jo PR K Rt
AL RIR G PLJE JR pRE R R 58 32 G2 1 L i B Ak

23 [ 53 AT, IR A AT BE A, SR S e
WAL A X N SRR 5 3) Bk T i 2k HE b fb 5
RS (fractional charge) Fl 4 SSH AR 143
A TREPR RN A S AAMXNOCR, Lkl
IR AR T IX RN G S ABN AN 4) 1
BT P IR A, I O I R IR 2 (]
A Y LA RIS s Z A B JLER, DAL
A LIRS [R) 25000 SSH AR AY . f5e J5 50 E B H:
TSR] DARELSS ) Sk — 4 SSHARY g # F MA: I

2 =4k SSH A
2.1 4 SSH #&ARI A

— Y 4k SSH AR AR B E W E 1(a), B
ISR A IS L, we, w, R4 5T [H]
z 7 AR y 7 0 LRI BRAE s ve, v, f0FR 2 71 il
y TP BRAE . FRATTZA H— B — 4 SSH BAI7E
AR (] F A I 2 T

() 2

16

12

I X

I
[
I
|
I
I
I
I
B I
I
I
L I
I
//\:-\ 10}
1
Y

M

1 (a) 4 SSH B s 7R B A (b) — 4k SSH LA 7 (8] 25 0] Y 7- B AL (¢) 4k SSH BRI RAR. | p 3R GE, 0, (T

A EARE T =R AN, HARR IS (o, B) 43918 (1.5,3), (2,3), (2.5,3); (d) Bl 1(c) " T M AR MRy 25
R, LLEBHEARC 1m0 PR R X B35 T ARISE = AR REA B R AL B () SR T M AR AR B A S5 A0 I () T B TR AR
AR (4 1 45 g ]

Fig. 1. (a) Schematic diagram of the original cell of the 2D SSH model; (b) schematic diagram of the 2D SSH model in inverse
space; (c¢) phase diagram of the 2D SSH model. The black, green and blue pentagrams in the figure mark the three typical topolo-
gical phases with the parameters («, ) as (1.5,3), (2,3) and (2.5,3) respectively; (d) a diagram of the band structure of the
model represented by the black pentagram in Fig. 1(c), and the red circles mark the evolution process of the second and third en-
ergy bands at the high symmetry point X; (e) band structure for the model represented by the green pentagram; (f) band structure
for the model represented by the blue pentagram.
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Table 1.  Results of the two-dimensional SSH model Zak
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Fig. 2. Calculation result of polarization and charge density distribution: (a) Calculated results of the polarization intensity distribu-

tion. The parameters used are o = 5,3 = 4, a semi-infinite strip model is used, and there are 20 primary cells on the side of the

open boundary. From left to right, for the - and y-directional components of the polarization; (b) calculated results of the polariza-

tion intensity distribution in topological trival phase. The parameters used are o =5, 8 = 0.25; (c) calculated results of the charge

density distribution, 20 x 20 unit cells used in the calculation; (d) calculated results of the charge density distribution in topologic-

al trival phase.
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Fig. 3. (a) Density of states distribution for the 2D SSH model. The parameters used are o« = 5,8 =4 . 20 x 20 unit cells used in
the calculation; (b) projected band diagram in a-direction, with edge states marked in blue, 50 unit cells used in the calculation; (c)

projected band diagram in y-direction; (d) local density distribution of bulk states; (e) local density distribution of edge states; (f)

local density distribution of corner states.
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corner state sound pressure field distribution.
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Abstract

The one-dimensional (1D) Su-Schrieffer-Heeger (SSH) chain is a model that has been widely studied in the
field of topological physics. The two-dimensional (2D) SSH model is a 2D extension of the 1D SSH chain and
has many unique physical properties. It is a higher-order topological insulator (HOTI), in which corner states
with bound states in the continuum (BIC) properties will arise between the second energy band and the third
energy band. There are two different topological phases in the isotropic 2D SSH model, and a topological phase
transition will happen when the intracell coupling strength is equal to the intercell coupling strength.

In this paper, we first break the isotropy of the isotropic 2D SSH model, defining the ratio of the a-
directional coupling strength to the y-directional coupling strength as a and the ratio of the intercell coupling
strength to the intracell coupling strength as (, which represent the strength of the topological property and
anisotropy respectively. We use a and § to calibrate all possible models, classify them as three different types of
phases, and draw their phase diagrams.Then we argue when the energy gap between the second energy band
and the third energy band emerges over the entire Brillouin zone.

Meanwhile, we use a method to calculate the spatial distribution of polarization when the model is half-
filled, and it is shown that there is 1/2 polarization localized at the edges in the direction with larger intracell
coupling, but no edge polarization in the other direction. The edge polarization excites the edge dipole moment,
giving rise to a topological edge state in the energy gap. At the same time, when the model has an entire open
boundary, the dipole moment directs the charge to accumulate on the corners, which can be observed from the
local charge density distribution. This type of fractional charge is a filling anomaly and formed spontaneously
by the lattice to maintain electrical neutrality and rotational symmetry simultaneously. This fractional charge
induces the aforementioned corner state. And by its nature of filling anomaly, this corner state is better
localized and robust. It will not couple with the bulk state as long as the rotational symmetry or chirality of the
model is not broken.

Finally, we construct an acoustic resonant cavity model: a rectangular shaped resonant cavity is used to
simulate individual lattice points and the coupling strength between the lattice points is controlled by varying
the diameter of the conduit between the resonant cavities. According to the Comsol calculation results, we can
see that the topological properties of the anisotropic two-dimensional SSH model are well simulated by this

model.

Keywords: topological phase transition, high-order topological insulator, fractional charge
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