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Fig. 1. One-dimensional four-band dissipative lattice model,
each unit cell contains four sublattice sites, and decay with

rate Y exists only on the B sublattice sites.
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Fig. 2. The resultant loss probability distribution: (a) ¢ =
0.37; (b) t1 = 0.87; common parameters to = 0.5, v =1,
o =57, L=060.
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Fig. 3. The relative height of the non-Hermitian edge burst
as a function of t;; other parameters: t2 =05, v=1,
zo =50, L =100.
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Fig. 4. Relationship between the imaginary energy gap and the inter-chain coupling ¢1 : (a) Energy spectrum under periodic bound-

ary conditions (PBC); (b) maximum of the imaginary part of the eigenenergy as a function of ¢; under PBCs; the imaginary en-

ergy gap closes when the imaginary part of the energy touches the real axis, other parameters to = 0.5, vy =1.
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Fig. 5. The scaling of the bulk loss probability P, for
t1 = 0.4,0.6,0.8,2, other parameters t2 =05, y=1.
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Fig. 6. P, for OBC chain with L =50 (blue) and Pg°
(red) for the infinite chain calculated by using Green’s func-
tion, parameters are t1 = 0.6, t2 =0.5,and y=1.
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Wide-parameter-range non-Hermitian edge burst in a
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Abstract

Non-Hermitian physics, which is able to provide solid and comprehensive descriptions for open systems

with gain and loss as well as quasiparticle dynamics in condensed matter systems, has achieved substantial

progress over the past two decades and become one of the hot topics at the frontiers of modern physics research.

During the exploration of non-Hermitian physics, many intriguing and fundamental physical phenomena have

emerged, such as the non-Hermitian skin effect and non-Hermitian edge burst. While the non-Hermitian skin

effect is an intriguing static property, the non-Hermitian edge burst reveals a peculiar dynamical property of

non-Hermitian systems, which corresponds to a counterintuitively high loss peak at the edge that stands out

against the nearly invisible decaying tail. Once discovered numerically, this phenomenon has aroused

* Project supported by the Research Project Supported by Shanxi Scholarship Council of China (Grant No. 2024-004), the
National Natural Science Foundation of China (Grant Nos. 11404199, 12147215), and the Fundamental Research Program of
Shanxi Province, China (Grant Nos. 1331KSC, 202203021211315, 2015021012).

1 Corresponding author. E-mail: liwangiphy@sxu.edu.cn

160704-8


https://doi.org/10.1103/PhysRevLett.134.176601
https://doi.org/10.1103/xr3h-j9pv
https://doi.org/10.1103/xr3h-j9pv
https://doi.org/10.1103/xr3h-j9pv
https://doi.org/10.1103/xr3h-j9pv
https://doi.org/10.1103/xr3h-j9pv
https://doi.org/10.1103/xr3h-j9pv
https://doi.org/10.1103/xr3h-j9pv
https://doi.org/10.1103/48wx-5gmj
https://doi.org/10.1103/48wx-5gmj
https://doi.org/10.1103/48wx-5gmj
https://doi.org/10.1103/48wx-5gmj
https://doi.org/10.1103/48wx-5gmj
https://doi.org/10.1103/48wx-5gmj
https://doi.org/10.1103/48wx-5gmj
https://doi.org/10.1088/1674-1056/abd765
https://doi.org/10.1088/1674-1056/abd765
https://doi.org/10.1088/1674-1056/abd765
https://doi.org/10.1088/1674-1056/abd765
https://doi.org/10.1088/1674-1056/abd765
https://doi.org/10.1088/1674-1056/abd765
https://doi.org/10.1088/1674-1056/abd765
https://doi.org/10.1103/PhysRevLett.128.120401
https://doi.org/10.1103/PhysRevLett.128.120401
https://doi.org/10.1103/PhysRevLett.128.120401
https://doi.org/10.1103/PhysRevLett.128.120401
https://doi.org/10.1103/PhysRevLett.128.120401
https://doi.org/10.1103/PhysRevLett.128.120401
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://doi.org/10.1103/PhysRevLett.133.070801
https://doi.org/10.1103/PhysRevLett.133.070801
https://doi.org/10.1103/PhysRevLett.133.070801
https://doi.org/10.1103/PhysRevLett.133.070801
https://doi.org/10.1103/PhysRevLett.133.070801
https://doi.org/10.1103/PhysRevLett.133.070801
https://doi.org/10.1103/PhysRevLett.133.070801
https://doi.org/10.1103/PhysRevLett.132.203801
https://doi.org/10.1103/PhysRevLett.132.203801
https://doi.org/10.1103/PhysRevLett.132.203801
https://doi.org/10.1103/PhysRevLett.132.203801
https://doi.org/10.1103/PhysRevLett.132.203801
https://doi.org/10.1103/PhysRevLett.132.203801
https://doi.org/10.1103/PhysRevLett.132.203801
https://doi.org/10.1103/PhysRevB.111.174305
https://doi.org/10.1103/PhysRevB.111.174305
https://doi.org/10.1103/PhysRevB.111.174305
https://doi.org/10.1103/PhysRevB.111.174305
https://doi.org/10.1103/PhysRevB.111.174305
https://doi.org/10.1103/PhysRevB.111.174305
https://doi.org/10.1103/PhysRevB.111.174305
https://doi.org/10.1103/jjbt-954m
https://doi.org/10.1103/jjbt-954m
https://doi.org/10.1103/jjbt-954m
https://doi.org/10.1103/jjbt-954m
https://doi.org/10.1103/jjbt-954m
https://doi.org/10.1103/jjbt-954m
https://doi.org/10.1103/jjbt-954m
https://doi.org/10.1126/science.aar7709
https://doi.org/10.1126/science.aar7709
https://doi.org/10.1126/science.aar7709
https://doi.org/10.1126/science.aar7709
https://doi.org/10.1126/science.aar7709
https://doi.org/10.1126/science.aar7709
https://doi.org/10.1126/science.aar7709
https://doi.org/10.1038/s42005-021-00547-x
https://doi.org/10.1038/s42005-021-00547-x
https://doi.org/10.1038/s42005-021-00547-x
https://doi.org/10.1038/s42005-021-00547-x
https://doi.org/10.1038/s42005-021-00547-x
https://doi.org/10.1038/s42005-021-00547-x
https://doi.org/10.1038/s42005-021-00547-x
https://doi.org/10.1103/PhysRevB.107.134121
https://doi.org/10.1103/PhysRevB.107.134121
https://doi.org/10.1103/PhysRevB.107.134121
https://doi.org/10.1103/PhysRevB.107.134121
https://doi.org/10.1103/PhysRevB.107.134121
https://doi.org/10.1103/PhysRevB.107.134121
https://doi.org/10.1103/PhysRevB.110.L060201
https://doi.org/10.1103/PhysRevB.110.L060201
https://doi.org/10.1103/PhysRevB.110.L060201
https://doi.org/10.1103/PhysRevB.110.L060201
https://doi.org/10.1103/PhysRevB.110.L060201
https://doi.org/10.1103/PhysRevB.110.L060201
https://doi.org/10.1103/PhysRevB.110.L060201
https://doi.org/10.1103/PhysRevB.110.L041102
https://doi.org/10.1103/PhysRevB.110.L041102
https://doi.org/10.1103/PhysRevB.110.L041102
https://doi.org/10.1103/PhysRevB.110.L041102
https://doi.org/10.1103/PhysRevB.110.L041102
https://doi.org/10.1103/PhysRevB.110.L041102
https://doi.org/10.1103/PhysRevB.110.L041102
https://doi.org/10.1103/PhysRevLett.125.126402
https://doi.org/10.1103/PhysRevLett.125.126402
https://doi.org/10.1103/PhysRevLett.125.126402
https://doi.org/10.1103/PhysRevLett.125.126402
https://doi.org/10.1103/PhysRevLett.125.126402
https://doi.org/10.1103/PhysRevLett.125.126402
https://doi.org/10.1103/PhysRevLett.125.126402
https://doi.org/10.1103/PhysRevLett.127.116801
https://doi.org/10.1103/PhysRevLett.127.116801
https://doi.org/10.1103/PhysRevLett.127.116801
https://doi.org/10.1103/PhysRevLett.127.116801
https://doi.org/10.1103/PhysRevLett.127.116801
https://doi.org/10.1103/PhysRevLett.127.116801
https://doi.org/10.1103/PhysRevLett.127.116801
https://doi.org/10.1103/PhysRevLett.127.116801
https://doi.org/10.1103/PhysRevA.98.042118
https://doi.org/10.1103/PhysRevA.98.042118
https://doi.org/10.1103/PhysRevA.98.042118
https://doi.org/10.1103/PhysRevA.98.042118
https://doi.org/10.1103/PhysRevA.98.042118
https://doi.org/10.1103/PhysRevA.98.042118
https://doi.org/10.1103/PhysRevLett.111.150403
https://doi.org/10.1103/PhysRevLett.111.150403
https://doi.org/10.1103/PhysRevLett.111.150403
https://doi.org/10.1103/PhysRevLett.111.150403
https://doi.org/10.1103/PhysRevLett.111.150403
https://doi.org/10.1103/PhysRevLett.111.150403
https://doi.org/10.1103/PhysRevLett.111.150403
https://doi.org/10.1103/PhysRevResearch.2.043167
https://doi.org/10.1103/PhysRevResearch.2.043167
https://doi.org/10.1103/PhysRevResearch.2.043167
https://doi.org/10.1103/PhysRevResearch.2.043167
https://doi.org/10.1103/PhysRevResearch.2.043167
https://doi.org/10.1103/PhysRevResearch.2.043167
https://doi.org/10.1103/PhysRevB.109.214311
https://doi.org/10.1103/PhysRevB.109.214311
https://doi.org/10.1103/PhysRevB.109.214311
https://doi.org/10.1103/PhysRevB.109.214311
https://doi.org/10.1103/PhysRevB.109.214311
https://doi.org/10.1103/PhysRevB.109.214311
https://doi.org/10.1103/PhysRevB.109.214311
https://doi.org/10.1103/PhysRevLett.102.065703
https://doi.org/10.1103/PhysRevLett.102.065703
https://doi.org/10.1103/PhysRevLett.102.065703
https://doi.org/10.1103/PhysRevLett.102.065703
https://doi.org/10.1103/PhysRevLett.102.065703
https://doi.org/10.1103/PhysRevLett.102.065703
https://doi.org/10.1103/PhysRevLett.102.065703
https://doi.org/10.1126/science.1174436
https://doi.org/10.1126/science.1174436
https://doi.org/10.1126/science.1174436
https://doi.org/10.1126/science.1174436
https://doi.org/10.1126/science.1174436
https://doi.org/10.1126/science.1174436
https://doi.org/10.1126/science.1174436
https://doi.org/10.1126/science.aaw1611
https://doi.org/10.1126/science.aaw1611
https://doi.org/10.1126/science.aaw1611
https://doi.org/10.1126/science.aaw1611
https://doi.org/10.1126/science.aaw1611
https://doi.org/10.1126/science.aaw1611
https://doi.org/10.1103/PhysRevA.67.042316
https://doi.org/10.1103/PhysRevA.67.042316
https://doi.org/10.1103/PhysRevA.67.042316
https://doi.org/10.1103/PhysRevA.67.042316
https://doi.org/10.1103/PhysRevA.67.042316
https://doi.org/10.1103/PhysRevA.67.042316
https://doi.org/10.1103/PhysRevA.67.042316
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.7498/aps.70.20220188
https://doi.org/10.1103/PhysRevB.103.L241408
https://doi.org/10.1103/PhysRevB.103.L241408
https://doi.org/10.1103/PhysRevB.103.L241408
https://doi.org/10.1103/PhysRevB.103.L241408
https://doi.org/10.1103/PhysRevB.103.L241408
https://doi.org/10.1103/PhysRevB.103.L241408
https://doi.org/10.1103/PhysRevB.103.L241408
https://doi.org/10.1103/PhysRevB.103.L241408
https://doi.org/10.1103/f6wd-gljq
https://doi.org/10.1103/f6wd-gljq
https://doi.org/10.1103/f6wd-gljq
https://doi.org/10.1103/f6wd-gljq
https://doi.org/10.1103/f6wd-gljq
https://doi.org/10.1103/f6wd-gljq
https://doi.org/10.1103/f6wd-gljq
https://doi.org/10.1103/f6wd-gljq
https://doi.org/10.1016/j.scib.2026.03.020
https://doi.org/10.1016/j.scib.2026.03.020
https://doi.org/10.1016/j.scib.2026.03.020
https://doi.org/10.1016/j.scib.2026.03.020
https://doi.org/10.1016/j.scib.2026.03.020
https://doi.org/10.1016/j.scib.2026.03.020
https://doi.org/10.1016/j.scib.2026.03.020
https://doi.org/10.1103/PhysRevResearch.3.013122
https://doi.org/10.1103/PhysRevResearch.3.013122
https://doi.org/10.1103/PhysRevResearch.3.013122
https://doi.org/10.1103/PhysRevResearch.3.013122
https://doi.org/10.1103/PhysRevResearch.3.013122
https://doi.org/10.1103/PhysRevResearch.3.013122
https://doi.org/10.1103/PhysRevResearch.3.013122
https://doi.org/10.1103/PhysRevResearch.3.013122
https://doi.org/10.1103/PhysRevLett.124.070402
https://doi.org/10.1103/PhysRevLett.124.070402
https://doi.org/10.1103/PhysRevLett.124.070402
https://doi.org/10.1103/PhysRevLett.124.070402
https://doi.org/10.1103/PhysRevLett.124.070402
https://doi.org/10.1103/PhysRevLett.124.070402
https://doi.org/10.1103/PhysRevLett.124.070402
mailto:liwangiphy@sxu.edu.cn
mailto:liwangiphy@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

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 16 (2026) 160704

widespread attention. Its physical origin is found to be an interplay between non-Hermitian skin effect and
imaginary gap closing. Behind this novel phenomenon lies rich physics and profound connotations, which are
attracting sustained exploration by both theoretical and experimental physicists. While two-band lattice
systems have been extensively investigated, multi-band systems are still rarely addressed. In this work, a one-
dimensional four-band non-Hermitian lossy lattice model is proposed, which possesses a two-chain structure and
dissipation exists only on one of the four sublattice sites. Exact numerical simulations on the non-Hermitian
quantum dynamics show that the one-dimensional four-band lattice also exhibits non-Hermitian edge burst.
And more interestingly, compared with the one-dimensional double-chain two-band model, the parameter range
where the non-Hermitian edge burst exists in the one-dimensional double-chain four-band model is greatly
broadened, which could be dubbed as wide-parameter-range non-Hermitian edge burst. Through analytical
calculations of the generalized Brillouin zone and exact analysis on the energy spectrum under periodic
boundary conditions, the physical origin of the wide-parameter-range non-Hermitian edge burst is also found to
be the interplay of non-Hermitian skin effect and the imaginary gap closing. What is interesting is that the one-
dimensional double-chain four-band model exhibits closed imaginary gap across the entire parameter domain of
t1, which ultimately enables the non-Hermitian edge burst to occur over a wide parameter region. Furthermore,
utilizing the Green's function method and contour integration, the expression for the bulk loss probability is
obtained and its power-law decay behavior is confirmed. The bulk scaling exponent o« is derived and further
verified by fitting the numerically obtained bulk loss probability P, . Finally, based on the expression of bulk
loss probability, an approximate expression for edge loss probability P is derived. The results show that the
wide-parameter-range non-Hermitian edge burst satisfies the universal bulk-edge scaling relation, i.e.,
ae = ap — 1. Additionally, numerical results verify that the wide-parameter-range non-Hermitian edge burst is
highly robust against tiny perturbations of system parameters such as v and t2, and the phenomenon is
immune to such small perturbations. The wide-parameter-range non-Hermitian edge burst is expected to be
observed in various non-Hermitian systems, including quantum optical systems, topoelectrical circuits, acoustic

systems, and ultracold atom platforms.
Keywords: non-Hermitian edge burst, non-Hermitian skin effect, imaginary gap, bulk-edge scaling relation

DOI: 10.7498 /aps.75.20260304 CSTR: 32037.14.aps.75.20260304

160704-9


http://doi.org/10.7498/aps.75.20260304
https://cstr.cn/32037.14.aps.75.20260304
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

— DU AR N SRR JEKA SR K
FHH KREBE EA

Wide—parameter—-range non—-Hermitian edge burst in a one—dimensional four—band lattice
LI Chaomin  ZHANG Guoying  WANG Li

5] Fi{ &, Citation: Acta Physica Sinica, 75, 160704 (2026) DOI: 10.7498/aps.75.20260304
CSTR: 32037.14.aps.75.20260304

TELR L View online: https://doi.org/10.7498/aps.75.20260304

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

W RE R G0 A JE KB IR AN

Non—Hermitian skin effect in a domain—wall system

PyFEEEAR. 2022, 71(17): 170306 hitps:/doi.ore/10.7498/aps.71.20221087

TR }E?KSu—SChrieffer—Heeger':F‘ OFET S

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

PPz 2022, 71(22): 227402 https://doi.org/10.7498/aps.71.20221151

A JE A Su-Schrieffer—Heegerfif i1 25 45 1 R 250N A 1) FEL iz ik

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

YrHE2E 4. 2023, 72(24): 247301 https://doi.org/10.7498/aps.72.20231286

A MR TR IR,

Topological selective non Hermitian skin effect

YIBR2A 4. 2025, 74(14): 144205  hitps:/doi.org/10.7498/aps.74.20250526

FEHIOF AR E R Gkt A T B

Dissipation—induced recurrence of non-Hermitian edge burst

WIBEAEA. 2023, 72(16): 160501 https://doi.org/10.7498/aps.72.20230338

AR R I IR AL A%

Non—Hermitian mosaic dimerized lattices

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


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260304
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221087
https://doi.org/10.7498/aps.71.20221087
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221151
https://doi.org/10.7498/aps.71.20221151
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20231286
https://doi.org/10.7498/aps.72.20231286
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250526
https://doi.org/10.7498/aps.74.20250526
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230338
https://doi.org/10.7498/aps.72.20230338
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220890
https://doi.org/10.7498/aps.71.20220890

	1 引　言
	2 理论模型与研究方法
	3 开边界一维双链四带晶格中的耗散动力学
	3.1 宽参数域非厄米边界爆发
	3.2 宽参数域边界爆发的理论根源
	3.3 耗散概率分布的标度行为与体边标度关系

	4 结论及讨论
	参考文献

