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Fig. 1. (a) IPRB (red) and NPRB (blue) versus Wi , the shaded regions stand for coexisting regimes; (b), (c) real and imaginary

parts of bulk energy spectrum, where the dressed colors stand for different values of IPRIY™) for each bulk eigenstates; (d) topolo-

gical edge modes |E|%, accompanied by the corresponding IPR?/5 and NPRC; (e) topological invariant as a function of Wj .
Common parameters are t1 =1, to =2.5, v=10.2, L =2000 and Wy = —2cos(3W71) + 2.
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Fig. 2. (al)-(el) Energy spectrum on the complex plane with corresponding IPRI?™) ; (a2)-(e2) both the blue and red lines stand
for the localized properties of some bulk eigenstates, and the zero-energy state is shown as the green bar. For a better visibility, the
values have been scaled proportionally. (al), (a2) Wi = 0.15, all bulk eigenstates are extended; (b1), (b2) W1 = 0.35, some eigen-
states are still extended while some are localized; (c1), (c2) W7 = 1, all bulk eigenstates are transformed into localized; (d1), (d2)
W1 = 2.02, some already localized states will change into extended; (el)—(e2) Wi = 3.8, all bulk eigenstates are transformed into

localized again. Other parameters are the same as the ones in Fig. 1.
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Fig. 3. (a) L =12000, IPRB (red) and NPRE (blue) evolving with 7, the two shaded regions stand for intermediate regimes;
(b) finite size scaling analysis of NPRB at v = 4.66946 for L = 20000, 30000 and 40000 , respectively; (c) real parts of bulk en-
ergy spectrum for L = 6000 , where different colors stand for different values of nl?") ; (d) evolution of |E|® versus 7 associated
with IPRO and NPR?, L = 2000; (e) derivative of NPR® with respect to 7 for L = 12000 ; (f) topological invariant versus para-
meter ¥ for L = 2000 . Common parameters are t; =9, to =1, W = 0.0039 and Wa = 1.563.
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Fig. 4. Spatial distributions of normalized bulk eigenstates with the change of eigenvalues. For enhanced visibility, the system size is
L = 1000, and the values of the energies have been cut down appropriately: (a) v = 0.2, the extended and localized eigenstates
appearing together; (b) v =1, all extended eigenstates being transformed into the localized; (¢) v = 4.66946 , some localized

eigenstates turning to the extended; (d) v = 5.5, all extended eigenstates being transformed into the localized once again. Other

parameters are the same as the ones in Fig. 3.
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Abstract

The localization is one of the active and fundamental research areas in topology physics. In this field, a
comprehensive understanding of how wave functions distribute within a system is crucial. This work delves into
this topic by proposing a novel systematic method based on a generalized Su-Schrieffer-Heeger (SSH) model.
This model incorporates a quasiperiodic non-Hermitian term that appears at an off-diagonal position, adding a
layer of complexity to the traditional SSH framework.

By utilizing this model, we analyze the localization behaviors of both bulk state and edge state. For the
bulk states, the analysis reveals a fascinating transition sequence. Specifically, the bulk states can undergo an
extended-coexisting-localized-coexisting-localized transition, which 1is induced by the introduction of
quasidisorder. This transition is not arbitrary but is rather conformed by the inverse participation ratio (IPR),
a metric that quantifies the degree of localization of a wave function. As quasidisorder increases, the bulk states
initially remain extended, but gradually, some states begin to be localized. A coexistence region appears where
both extended and localized states are present. Further increase in quasidisorder leads to a complete localization
of all bulk states. However, remarkably, within a certain range of quasidisorder strengths, the localized states
can once again transition back to an extended state, creating another coexistence region. This complex behavior
demonstrates the rich and diverse localization properties of the bulk states in non-Hermitian quasiperiodic
systems.

In addition to the IPR, other metrics such as the normalized participation ratio (NPR) and the fractal
dimension of the eigenstates also play important roles in characterizing the localization behavior. These metrics
provide a more in-depth understanding of the transition process and help to confirm the existence of the
coexistence regions.

Overall, we comprehensively analyze the localization behaviors of bulk and edge states in non-Hermitian
quasiperiodic systems based on a generalized SSH model. The proposed systematic method present new insights
into the complex interplay between quasidisorder, non-Hermiticity, and localization properties in topological
physics.
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PACS: 03.65.Vf, 72.15.Rn, 74.62.En DOI: 10.7498 /aps.74.20240933

CSTR: 32037.14.aps.74.20240933

* Project supported by the Suqgian Sci & Tech Program, China (Grant No. K202330), the Startup Foundation for Newly
Recruited Employees of Sugian University, China (Grant No. 2024XRC006), and the National Natural Science Foundation
of China (Grant Nos. 11874190, 12174461).

1 Corresponding author. E-mail: 17172@squ.edu.cn

1 Corresponding author. E-mail: tanlei@lzu.edu.cn

1T Corresponding author. E-mail: wliu@iphy.ac.cn

010301-9


http://doi.org/10.7498/aps.74.20240933
https://cstr.cn/32037.14.aps.74.20240933
mailto:17172@squ.edu.cn
mailto:17172@squ.edu.cn
mailto:tanlei@lzu.edu.cn
mailto:tanlei@lzu.edu.cn
mailto:wliu@iphy.ac.cn
mailto:wliu@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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

JEERE ARG KRS RS- RELES
FRRE % E EE XEY
Reentrant localized bulk and localized—extended edge in quasiperiodic non-Hermitian systems

GUO Gangfeng Bao Xixi TAN Lei  LIU Wuming

5] Fi{% B Citation: Acta Physica Sinica, 74, 010301 (2025) DOI: 10.7498/aps.74.20240933
TEZE [T View online: https:/doi.org/10.7498/aps.74.20240933
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FETT ARG K A S

Articles you may be interested in

FRTERHE & 5 A SR AL e A

Localization transition in non—Hermitian coupled chain

WAL 2024, 73(19): 197101 https://doi.org/10.7498/aps.73.20240976

— XS FRAEIEK H BEFEHRE G Su-Schrieffer—Heeger B A A F1 § MA: BT

Topological properties of the one—dimensional —symmetric non—Hermitian spin—orbit—coupled Su—Schrieffer—Heeger model

PrPReEd. 2022, 71(17): 177302 https:/doi.org/10.7498/aps.71.20220796

BEHLPIAFEROS T AR TR Z R R A

Random two—body dissipation induced non—Hermitian many-body localization

WyFEEEAR. 2024, 73(7): 077202 hitps://doi.org/10.7498/aps.73.20231987

AR RS MEAR B ) R
Dynamics of non—-Hermitian local topological marker

Preezd. 2021, 70(23): 230309  https:/doi.org/10.7498/aps.70.20211576

— A JEOR A A IR SRR A

Delocalization—localization transitions in 1D non—Hermitian cross—stitch lattices

YrH2E 4. 2024, 73(13): 137201 https://doi.org/10.7498/aps.73.20240510

ARJEK R 2 RAL A%

Non-Hermitian mosaic dimerized lattices

YrH2E 4. 2022, 71(13): 130302 https://doi.org/10.7498/aps.71.20220890


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20240933
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240976
https://doi.org/10.7498/aps.71.20220796
https://doi.org/10.7498/aps.73.20231987
https://doi.org/10.7498/aps.70.20211576
https://doi.org/10.7498/aps.73.20240510
https://doi.org/10.7498/aps.71.20220890

	1 引　言
	2 模型和理论
	3 结果和分析
	3.1 二次局域的体态
	3.2 局域-扩展的边缘态

	4 结　论
	参考文献

