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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 x4 for different N: (a) N = 5; (b) N = 8; (c) N = 10;

(d) N =12.

P, 2 — 2 UL UE T LA S e b T 2 e i
P () R B R I TR 2, AR A AL i
AR I

MBS BERE , TEARLNERE E 75 I B IT
FFAEARL o 55 R ) RE RE AR TP R BE S IAR R Bl
w WS R, ARG A RARZNE B AL i,
(EEESI#7): s ) IE S A i 210 SN NI 2 €

e {IEE 4 T v 2 1] B JSE Dol ). X R B AR Ak SR ARk
5 A7 0 2 R R AGIE RV, Al fof A i 7 SRy

DX A E— 2 TR SRS vl DA T A ) 25 ] 25
P SRAR , B XTFRBT AL N 38, 3537 i BE £ )7 [n)
- I B R I, Heas I H 45 2 2%,
SRR AT B S, MINISESR T X e e
I RARRE ), (T 525 2 i FR A A SRl X Bl

IE Kerr ARZEMEXT RT3l 1 2 BATB R, FF:
O A ISR AL TR Al REE. S T7 - LR AR
AT 22 AR S AN 2 A SRR . e TR
O, BEA ROt s RGN ZRHE. T
R 7E S B9

el

u(z,y)|*dzdy. (14)

T A REARLMT R T, PR-ICFRARE (P-
1) B AR A A S REAS S e R 2 N AR AR L - Al
PR, PRI, X AN [RIE SRR B8R D3R- 9
THFNEAE O R AT R G LA, 2 PR v Aot B 42
P2 N A, qniEl 4 FoR.

P 4 JRE 7R T AN [ ¥ X AR B B8 AR S T
ML INFRAEE R . FET - IR A R EEARLK
PR rp ) T DR P RE TR o O30
PRE RS, £F8 VE AT R iFR E s 2
A BEA S K NS, AR R B
AR B D, I R B v A B S T - AR
eIt I_H/EFFJB’JE% PR RS VK R, D
LR T REEE (AP /dp<0) X NE A ik 19 A2 Fe e

A0 2, s B e BT (dP/dp>0) BY
fifpAE VK 3N B TR EAFEE X[

DR (L 2 B0 R AR (BT S e T 2R 58
SR EALE Z [ A5 G R FEA R R ) 57
TrARE S A IR AR, T TR AR LA R
D™ A= AU A R VR, P Z e Y se 2
RT3 S 2 0 R A P 2 ) i —
AGIAARSTRATN, RG0S BESS A BT

130704-5


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

Y] 32 2 3R Acta Phys. Sin. Vol. 75, No. 13 (2026) 130704
16 15
(a) Ll
15
13
14 - 121
- —
: :
£ 13} g 11t
[aF A 10
12 F
9 L
11 sl
10l . . ) . . . . . .
1.025 1.075 1.125 1.175 0.64 0.66 0.68 0.70 0.72 0.74 0.76
K K
15 @
() L(d
14l 16
13 14 +
12
g g 12r
10 + 10
9 sl
8 -
7 1 1 1 1 1 6 L 1 1 1 1
0.52 0.54 0.56 0.58 0.60 0.42 0.44 0.46 0.48 0.50
K K

& 4

T LR P YR NIRRT A RETLRTTHE Vo = 5.0 KR

(a) N=5;(b) N=38; (c) N=10; (d) N=12

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; (c) N = 10;

(d) N=12.
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Fig. 5. (a) Linear evolution of the lattice soliton for Vo =5, N =8, u = 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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Small-perturbation test at p = 0.53
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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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Contour plot: solitary wave (blue)
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Fig. 8. Cross-section of the fundamental soliton along the
diagonal axis after propagation, superimposed on the poten-
tial for N = 5.
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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
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