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Fig. 1. Schematic diagram of the one-dimensional coupled
chain, t1 represents the nearest-neighbor hopping within
the same atomic chain, t% represents the transverse hop-
ping between different atomic chains, t‘{ represents the

cross hopping between different atomic chains.
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Fig. 2. (a) When tJ =05, t¢ =02 and L =610, IPR varies with the real part of the eigenenergy (Re(E)) and disorder
strength A, the colorbar represents the magnitude of IPR. (b) As the disorder strength A of the system increases from weak to
strong, the trends of MIPR and MNPR are represented by the blue and red solid lines, respectively; the blue and black dashed lines

in Figs. (a) and (b) represent the two localization transition points of the system determined by Eq.(10).
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Fig. 3. Scaling behavior of MNPR in different phases with t$ =0.5 and t =0.2: (a) The extended phase (A =
termediate phase (A = 1.1); (c) the localized phase (A = 1.5).
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Fig. 4. Localization phase diagram in the t‘}-A plane, and
the regions for the extended, intermediate and localized
phases are denoted by [-a (1-b), I, and I, respectively.
Three black solid lines represent the localization transition

points determined by Eq.(10), and the colorbar represents
values of n. Here, L = 800 and tg =0.5.
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Fig. 5. (a) The imaginary part of the energy Im(E) varies with disorder strength A, where the black dashed line is given by Eq.(10);
(b)—(e) the energy spectrum of the system for A = 0.4,0.7,0.9 and 1.3. Other parameters: L =610, t§ =0.5 and t{ =0.2.
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Abstract

In this paper, we study the properties of a coupled chain modulated by the quasiperiodic complex potential.
It is found that as the disorder strength increases, the system undergoes a localization transition from a fully
extended phase to an intermediate phase, and then to a fully localized phase. The numerical solving of order
parameters such as the average inverse participation ratio and the average normalized participation ratio,
demonstrate that the fully extended phase, the intermediate phase with mobility edges, and the fully localized
phase are all existent during the transition. The scalar analysis of the normalized participation ratio, confirms
the stable existence of three different localization phases in the system. Moreover, the analytical derivation,
shows that the localization transition from the extended phase to the intermediate phase and from the
intermediate phase to the localized phase can be precisely determined. In addition, the local phase diagram of
the system is also obtained by numerical calculation, as shown in Fig. (a). The regions for the extended,
intermediate and localized phases are denoted by I-a (I-b), II, and III, respectively. The three black solid lines
represent the localization transition points determined by the analytical results. One can see that the analytical
results match the numerical results. Moreover, we discuss that the relationship between the real-complex
spectrum transition and the localization transition. It is found that the energy spectrum of the system can
undergo two real-to-complex transitions. Specifically, during the transition from the fully extended phase to the

intermediate phase, the first real-complex transition occurs, where part of the energy spectrum changes from the

real spectrum to the complex spectrum, while another

part spectrum remains real. When the system -0
transitions from the intermediate phase to the fully 95
localized phase, the energy spectrum completely

transforms into a complex spectrum. These research —30
results provide a reference for the study of localization a5
transitions and real-complex transitions in one-

dimensional coupled chain systems, and also offer a —4.0

new perspective for the study of localization.

Keywords: non-Hermitian, disorder, coupled chain
PACS: 71.10.Fd, 71.23.An, 61.44.Fw DOI: 10.7498 /aps.73.20240976

CSTR: 32037.14.aps.73.20240976

* Project supported by the National Natural Science Foundation of China (Grant No. 12205176) and the High-level Talent
Research Start-up Project, China (Grant No. RCK202231).
1 Corresponding author. E-mail: 201712605002@email.sxu.edu.cn

197101-8


http://doi.org/10.7498/aps.73.20240976
https://cstr.cn/32037.14.aps.73.20240976
mailto:201712605002@email.sxu.edu.cn
mailto:201712605002@email.sxu.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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

JEERBE AT KRR
Y]

Localization transition in non—Hermitian coupled chain

GuYan LuZhan-Peng

5|5 &, Citation: Acta Physica Sinica, 73, 197101 (2024) DOI: 10.7498/aps.73.20240976
TEZE[R]1E View online: https:/doi.org/10.7498/aps.73.20240976
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

BEHLPIARFEROR T AR DK 2R R A

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

WIFAEA. 2024, 73(7): 077202 https://doi.org/10.7498/aps.73.20231987

TEFAEJE K Su—Schrieffer—HeegerH 19 # IR LN

Skin effect in disordered non—Hermitian Su—-Schrieffer—Heeger

PrPeEdR. 2022, 71(22): 227402 hitps://doi.org/10.7498/aps.71.20221151

— AR JER A iR IR SR - R A

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

WyFEEEAR. 2024, 73(13): 137201 hitps:/doi.ore/10.7498/aps.73.20240510

JEJE K Su~Schrieffer—HeegerflE i1 2% 25 FI A RSN AR 1) FEL - iz bk

Edge states and skin effect dependent electron transport properties of non—Hermitian Su—Schrieffer—Heeger chain

PFEEEAR. 2023, 72(24): 247301 hitps:/doi.ore/10.7498/aps.72.20231286

R AL P o7 B S S HC

Non—Hermitian linear response theory and its applications

YrH2E 4. 2022, 71(17): 170305  https://doi.org/10.7498/aps.71.20220862

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.73.20240976
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231987
https://doi.org/10.7498/aps.71.20221151
https://doi.org/10.7498/aps.73.20240510
https://doi.org/10.7498/aps.72.20231286
https://doi.org/10.7498/aps.71.20220862
https://doi.org/10.7498/aps.71.20220890

	1 引　言
	2 理论模型
	3 结果分析与讨论
	3.1 局域化转变
	3.2 实谱-复谱转变

	4 总　结
	附录A
	参考文献

