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Fig. 1. Two-dimensional quasiperiodic potential structures under different N values.
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Fig. 2. (a) N =5, Vo =5, p=1.10 lattice soliton mode; (b) N =8, Vo =5, u = 0.66 lattice soliton mode; (¢) N =10, Vp = 5,
1 = 0.53 lattice soliton mode; (d) N =12, Vo =5, pu = 0.44 lattice soliton mode.
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Fig. 3. Evolution of the soliton cross-section along the diagonal direction with u for different N: (a) N = 5; (b) N = 8; (c) N = 10;

(d) N=12.
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Fig. 4. Soliton power P for the self-focusing cubic and quintic models for different N (Vo =5.0): (a) N=5; (b) N=8; (¢) N = 10;

(d) N=12.
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Fig. 5. (a) Linear evolution of the lattice soliton for Vo =5, N =8, ;= 0.66; (b) cross-section of the fundamental soliton along

the diagonal axis after propagation, superimposed on the potential for N = 8.
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Fig. 6. (a) Linear evolution of the lattice soliton for Vo =5, N =10, u = 0.53; (b) cross-section of the fundamental soliton along

the diagonal axis after propagation, superimposed on the potential for N = 10.
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Fig. 7. (a) Linear evolution of the lattice soliton for Vo =5, N =12, p = 0.44; (b) cross-section of the fundamental soliton along

the diagonal axis after propagation, superimposed on the potential for N = 12.
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Localized coherent structures in the three-dimensional
high-order nonlinear Schrédinger equation with
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Abstract

Localized coherent structures in high-dimensional quasicrystalline systems are investigated using the
spectral renormalization method. In particular, a three-dimensional cubic-quintic nonlinear Schridinger equation
with a quasi-periodic potential is considered, and stationary soliton solutions of the system are obtained
numerically. For two-dimensional quasicrystalline lattices with different rotational symmetries, the steady-state
lattice solitons are systematically calculated, and their existence regions, spatial profiles, and power
characteristics are thoroughly analyzed. Numerical results show that the peak amplitude of the soliton increases
monotonically with the propagation constant, while the spatial width decreases accordingly, which indicates
stronger localization of the wave field. In addition, the confinement effect of the quasi-periodic potential
becomes increasingly pronounced as the rotational symmetry of the quasicrystal increases. The stability of the
obtained solitons is further analyzed using the Vakhitov-Kolokolov stability criterion. For quasicrystalline
lattices with fivefold rotational symmetry, the power—propagation constant curve remains monotonic within the
considered parameter range, indicating that the corresponding soliton family satisfies the stability condition.
However, when the symmetry order exceeds fivefold, the power-propagation constant curves exhibit turning
points, implying that the interplay between nonlinearity and quasi-periodic lattice structures may introduce new
instability mechanisms. To further verify the stability properties, direct numerical simulations are performed
near these critical regions. The results confirm that the solitons remain dynamically stable during propagation,
despite the presence of extreme points in the power curves. This demonstrates that the cubic—quintic
nonlinearity, together with the quasi-periodic potential, can effectively support stable two-dimensional spatial
solitons. The present study provides a theoretical basis for the manipulation and control of localized optical
states in quasicrystalline photonic systems. Moreover, the proposed numerical approach does not rely on specific
lattice symmetry and can be extended to aperiodic systems with various rotational symmetries, demonstrating

good generality and applicability.

Keywords: three-dimensional cubic-quintic nonlinear Schrodinger equation, spectral renormalization method,

quasi-periodic potential, soliton

DOI: 10.7498 /aps.75.20260181 CSTR: 32037.14.aps.75.20260181

* Project supported by the National Natural Science Foundation of China (Grant No. 12162027), the Key Project of the
Natural Science Foundation of Inner Mongolia, China (Grant Nos. 2024ZD21, 2025ZD024), the Research Special Project for
First-Class Disciplines in Inner Mongolia Autonomous Region, China (Grant No. YLXKZX-NSD-001), the Fundamental
Research Funds for Inner Mongolia Normal University, China (Grant No. 023JBZD005), the Inner Mongolia Autonomous
Region Graduate Research Innovation Project, China (Grant No. KC2025016S).

1 Corresponding author. E-mail: guantingliu@imnu.edu.cn

130704-10


http://doi.org/10.7498/aps.75.20260181
https://cstr.cn/32037.14.aps.75.20260181
mailto:guantingliu@imnu.edu.cn
mailto:guantingliu@imnu.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

HA RSN = SRR i e 5 T RN RS T4
IF AES FXE
Localized coherent structures in the three—dimensional high—order nonlinear Schrdinger equation with quasi-

periodic potentials

WANG Yang LIU Guanting LI Meiyu

5] Fi{i5 &, Citation: Acta Physica Sinica, 75, 130704 (2026) DOI: 10.7498/aps.75.20260181
CSTR: 32037.14.aps.75.20260181

TELERE View online: https://doi.org/10.7498/aps.75.20260181

BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

(1+ 1) AR Lk B 15 7 B PR SA R ER ) 5 1 5

Numerical inversion of PT—symmetric potential functions for (1+1)—dimensional nonlinear Schrdinger equations

WIFRZEAR. 2025, 74(13): 134203 https://doi.org/10.7498/aps.74.20250129

HAT UL IR I 25 A8 B T SLOAERE E 14577 T AR LU AS 45 RO il it
Similarity transformations and exact solutions of the generalized ()—dimensional Schrdinger equation with ()th order nonlinear terms

and spatiotemporally varying coefficients

WIFREHR. 2025, 74(11): 110201 hitps://doi.org/10.7498/aps.74.20250225

A AL R E 7507 B 2R S LT

Multipole vector solitons in coupled nonlinear Schrdinger equation with saturable nonlinearity

PyFEEEAR. 2023, 72(10): 100502 hitps:/doi.ore/10.7498/aps.72.20222284

TR AR AR LR R 1 5 P IR ELAE S R A 4

Control of solitonic interactions and bound-states in the higher—order matrix nonlinear Schrdinger equation

PyFEEEAR. 2026, 75(12): 100502 https:/doi.org/10.7498/aps.75.20251591

23 A R X BRAA SR S M e 2 1 R ) s B A
General higher—order rogue waves in the space—shifted —symmetric nonlocal nonlinear Schrdinger equation

PIFRZEAR. 2023, 72(10): 104204 https://doi.ore/10.7498/aps.72.20222298

PR AR 2P 5 )7 TR A W hitham 8] 1) 336 K JHC 8] W) (L) BT 14 73S R Ak
Whitham modulation theory of defocusing nonlinear Schrdinger equation and the classification and evolutions of solutions with initial

discontinuity

WAL 2023, 72(10): 100503 https://doi.org/10.7498/aps.72.20230172


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260181
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250129
https://doi.org/10.7498/aps.74.20250129
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250225
https://doi.org/10.7498/aps.74.20250225
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222284
https://doi.org/10.7498/aps.72.20222284
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251591
https://doi.org/10.7498/aps.75.20251591
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222298
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20222298
https://doi.org/10.7498/aps.72.20222298
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230172
https://doi.org/10.7498/aps.72.20230172

	1 引　言
	2 理论模型与问题表述
	3 准晶中的谱重整化方法
	4 立方-五次非线性模型下准晶势中形成的格点孤子
	5 线性稳定性预测的动力学验证
	6 结　论
	参考文献

