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Topological Anderson Insulator in the Extended Su-Schrieffer-Heeger Model

ZHENG Xueli, LIANG Junjun’
(Institute of Theoretical Physics, Shanxi University, Taiyuan 030006, China)

Abstract: In this paper, we studied the topological structure and localization properties of the extended Su-Schrieffer-Heeger (SSH)
model with quasi-periodic potential. By numerically calculating the real-space winding number and analyzing the localization length
of zero modes, we obtain a topological phase diagram and find that the system exhibits reentrant topological Anderson insulator
(RTAI) behavior, which is different from traditional quasi-periodic potential modulation systems. In addition, by analyzing the local-
ization properties of the system, we find that under quasi-periodic potential modulation, the system undergoes extended phases, inter-
mediate phases (with mobility edges), and localized phases, and the intermediate phase consists of extended, critical, and localized
states. The inverse participation ratio and normalized participation ratio was used as tools to characterize the extended and localized
states. Furthermore, through finite-size scaling analysis of fractal dimension, the composition of the intermediate phase region is
clearly demonstrated.

Key words: quasi-periodic potential; topological phase transition; localization

0 5l5 A 2 5 F R S ok FAE . Hoh Su-Schrieffer—

Heeger ( SSH ) 151 7Y I8 AFF 57 $1 F 4t 25 44 M I fie
WA ARAR Ty —RUBAT IO REFMIRE AR (o e g gm0 3 7 o 1 3 = 88 00 L O

HHTBER Y IO R P& Z R 0 Y MR T e MBS R AL
Gk R AR AS M ERIRMA RS, I BERAR SRR NS X 58 Ty B & ik

e H 83 :2023-12-30; #3 B #: 2024-05-07
EEWA : FRK A AR A4 (11875181)
PEE BN REH(1998—) , 2, INARTEM A BLAFFE AL DR 5 [ 2 I 8. E-mail : 1x23714@163.com
* BIEIEE P44 (LIANG Junjun) , E-mail : liangjj@sxu.edu.cn
BI3AE AP HR, REFR PR Su-Schrieffer-Heeger B8 it (4 Fh 2 AR AR 2 R [T ). LG K222 4R (AR B R |
2025,48(5) :955-963. DOI:10.13451/j.sxu.ns.2024075.



956 PR AE2A4R (FARBEARR)

48(5) 2025

PE,MAERRTCT T, 4 B G BT A A E 28 JRy Bk
b R G FH DS S [ s B Bifi 5 TG RE BR
B TN 1= 1 R /N (T S X 02 -2 VO € 7
VR AR P I A T F S5 S WIS
A, B D 22 78 £ 4 2% K (Topological Anderson
Insulator, TAT) ™o S5 b, TATZIG X i
F T R AL R By, TN SR TE Y 5 00 R B
LG o R R 0 304 Ad AT 4 oG T 4 b
57 Z M KB, T4k, TAL R H A%
& A A A TR AR DAOE5E T HAR 55 TR R
FHARMERE, LR @ N TRE TN ET
B AT UL B TALN o H B HT R o TAE# %
JEJEBEHLTC Y, 3 S B0 TAT %t i # A AE 28
BT AR R WAL A WIS R WA X £ 2k
B AR AR e b AR 2 R #RE v SR )
P, o AL S R R AR 0 H T 1 R 4 2
X ALY 5 5 0 TATASE o o 5
Podx B JE 7E Aubry-André (AA) B & p 5] A
A A — B R AA B R )RR 2R 3|
5 fig 1A G Y Jmy BAG G A 0 B RS 32 300 [ I
EAEY A R B, DL A 8 R A7 A6 TE 1%
F4) H TR AH Y 1l A

I 3 TE — A B A AR X o R 30 R R 6
SSH #5788 e g i T AT R B AR IV T, B R
{5 3] TAL, H H TAL X K F I 5t 5 19 G
P EA G EIE, X5 Z R0 T 3Kl TAL &
AV 5 AH AR AL G WL AN [R] o D3 A, SSH A5 Al
— o LAY (4 B Jre BB A TR PN 8 TR A SR S
VU K& S, PR IE, b o 9 SSH AL Y A% Sy H A g A4~
BRAE & B SSHA KL AL, SSH4 #5% 7 BLA T 1 Xf
FRVE, 5 SSH A AL J& T [F] — 40 $h 200, Ze o m]
DL RAE BB H Fh o SSH4 #5717 $1 $5 S 7 A
FHE - AH R BRE R (E e ), 4 SSH

(1) 73 1 i M PN B LA A8 R R A Y BR A 1 ) 40
S B, A T R BR A R EROR DL DU S A A S
W, R G 0Hh FhME OR R A s R B
FERAT A7 AT R, M [ BRE A — 23
BBl P BF, 900 o ) B % o B s 7 AR F AR W AN
15 7 4 2% #H (Reentrant Topological Anderson In-
sulator, RTAT) B9 L 4 .

ASCFE LR T B A E RS
SSH 158 A v 1y Jmy Bl Ve B3 A0 40 P BT, 38 i BOE
T3 1 OR S A5 ) (8 S BOR o3 A R F AR AT, B
T JE I 8 ) 50 N BR AT 9 B A EAE T
RGN BT 2 7 AR R AR AR AT Ry, I R R
MAAE R EARME S R D LI R %
REA Jm Bl A B2 R Ar # Ah A B 30 R BRI 2
Ab, 38 1 X 135 2 5 R (Inverse Participation Ratio ,
IPR) . H — 4k & 5 % (Normalized Participation
Ratio , NPR ) &5 {4 3 Jay 30 £k P 4 2 i i 1 F 54
FRATHE Uiy A5 Y v A A A I B A A e ) A X
B, 0F BAFTE M RO Rl A2 78 2850

1 PRpAEA

75 A A 208 i M PN 5 1] o ] S
JEE LEARL A [] B4 47 Jié SSH AR 1,

N N—1 ,
H:(zz‘jc;a ¢t h.c.) -+ ( 2 WiCiy e+ hec |,
7 7

L=t+yA,w,=w+A4,
_#%—L5jﬁﬁﬁ
"ly.=05 jmmEsc
A= Acos(2rBj + ¢ ) (1)
BEM KB L = 2N R, 5> 5 09 45 2L
Hj(=1,2,3,-+,N)o GE 1w, 54
HA A LB BEASF A o 0k R A R T B
FFR g on,, TET A (Gua) FLGL O) A& B

E1 P SSHEA R ER
BEAELR S AN, £+ 1 AT+ 7, A0 R AT U A BRIT SR v + A FORMEIRIBRIT 3 . )
Fig. 1 A diagram of an extended SSH model

(The dashed box represents a single unit cell. 7+ y,A and 7 + y,A denote the inter-cell odd-even hopping strength, w + A denote

the intra-cell hopping strength, respectively. )
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Fig. 2 The topological phase diagram in the parameter 7-A plane, L. = 1 600, color bar represents the value of the winding number v

((a) The ratio of quasi-periodic modulations of intra- to intercell tunneling y=0. 5. (b) the ratio of quasi-periodic modulations of in-

tra- to intercell tunneling y,= 1. 5 (odd cell), y,=0. 5 (even cell), where the red lines represent the analytical critical line equation (6)
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