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Fig. 1. (color online) Properties of the power and the propagation of the basic solitons: (a) The power versus the
propagation constant when d3 = ds = 0; (b) the power versus the propagation constant when ds = 10; (c) the
structures of basic optical solitons and the induced refractive index when b = 1; (d) propagation of the bright

solitons when b = 0.4; (e) propagation of the bright solitons when b = 0.6.
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Fig. 2. (color online) The interaction of the two solitons with the same phase for different nonlinear parameters: (a)
Soliton structure and induced refractive index when a3 = —0.1 and the interval of two solitons L is 12.876; (b) soliton
structure and induced refractive index when az = —1.69 and L = 4.878; (c) soliton structure and induced refractive
index when a3 = —1.73 and L = 4.822; (d) propagation when a3 = —0.1 and L = 12.876; (e) propagation when
a3 = —1.69 and L = 4.878; (f) propagation when a3 = —1.73 and L = 4.822.
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Fig. 3. (color online) The interaction of two optical solitons with the same phase for different nonlocal parameters:

(a) Soliton structure and induced refractive index when dz = 1.2 and L = 11.236; (b) soliton structure and induced

refractive index when d3 = 1.38 and L = 8.308; (c) soliton structure and induced refractive index when dz = 1.39
and L = 8.220; (d) propagation when dz = 1.2 and L = 11.236; (e) propagation when d3z = 1.38 and L = 8.308;

(f) propagation when d3 = 1.39 and L = 8.220.
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Fig. 5. (color online) The characteristics and the propagation properties of the triple-pole solitons for different nonlocal

parameters: (a) Soliton structure and induced refractive index when ds = 1; (b) soliton structure and induced refractive

index when ds = 5; (c) soliton structure and induced refractive index when ds = 8; (d) propagation with the white noise

of 62 = 0.01 when d5 = 1; (e) propagation with the white noise of 62 = 0.01 when ds = 5; (f) propagation with the white

noise of §2 = 0.01 when ds = 8.
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Fig. 6. (color online) The characteristics and the propagation properties of the triple-pole solitons for the different nonlocal
nonlinear parameters: (a) Soliton structure and induced refractive index when az = 0.95, as = —0.22, and d3 = ds = 2;
(b) soliton structure and induced refractive index when az = 1, as = —0.2, and d3 = ds = 8; (c) propagation of the
triple-pole solitons with the white noise of 62 = 0.01 when a3 = 0.95, a5 = —0.22, and d3 = d5 = 2; (e) propagation without
white noise when a3 = 1, as = —0.2, and d3 = d5 = 8.
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Fig. 7. (color online) The characteristics and the propagation properties of the quadrupole solitons for the different
nonlocal parameters: (a) Soliton structure and induced refractive index when ds = 3; (b) soliton structure and
induced refractive index when ds = 5; (c) soliton structure and induced refractive index when ds = 8; (d) propagation
with the white noise of 62 = 0.01 when ds = 3; (e) propagation with the white noise of 2 = 0.01 when ds = 5;
(f) propagation with the white noise of 62 = 0.01 when d5 = 8.
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Fig. 8. (color online) The characteristics and the propagation properties of the penta-pole solitons for different nonlocalities:
(a) Soliton structure and induced refractive index when as = —0.23, d3 = 3, and ds = 5; (b) soliton structure and induced
refractive index when a5 = —0.24, d3 = 3, and ds = 5; (c) soliton structure and induced refractive index when as = —0.24,
ds = 3, and ds = 6; (d) propagation with the white noise of 6> = 0.01 when a5 = —0.23, d3 = 3, and d5 = 5; (e) propagation
with the white noise of 62 = 0.01 when a5 = —0.24, d3 = 3, and ds = 5; (f) propagation with the white noise of 62 = 0.01
when a5 = —0.24, d3 = 3, and d5s = 6.
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Huang Guang-Qiao Lin Jif

(Department of Physics, Zhejiang Normal University, Jinhua 321004, China)

( Received 11 September 2016; revised manuscript received 5 December 2016 )

Abstract

We study the new spatial optical solitons and their propagating properties in the one-dimensional nonlocal cubic-
quintic (C-Q) nonlinear model by the numerical method. We obtain multi-bright solitons and multipole soliton solutions
in the one-dimensional nonlocal C-Q nonlinear model. The propagation of bright solitons is stable in the competing
nonlocal cubic self-defocusing and quintic self-focusing nonlinear media when these nonlocal and nonlinear parameters
are in the appropriate value domain. Considering the different nonlinear cubic effects, the interaction between two
optical solitons with the same phase in the general nonlocal media displays the attraction or the repulsion for different
nonlocal and nonlinear parameters. We find that the interval of two solitons affects the interaction between them. The
refractive index is changed with the propagating constant when the nonlocal constant ds is 10. Moreover, the triplepole,
quadrupole and pentapole solitons can propagate steadily when the nonlocal parameters are appropriate, but hexa-pole
(or above) solitons propagate unsteadily for any nonlocal parameter. Furthermore, we investigate the multi-pole solitons
and their propagation stabilities by the Newton difference method and the Fourier split step method, obtain the stable
propagation conditions for dipole, triplepole and quadrupole solitons, and find that the propagation of the pentapole
and higher-order pole solitons is unstable. We also discuss the interactions of multi-pole solitons when they propagate
along the axis z. The interactions are attraction or repulsion when the nonlocal and the nonlinear parameters are
different. Meanwhile, we simulate the evolution of the refractive index along the axis z when the spatial optical solitons
are multi-pole solitons. Finally, we study the relation between the power of soliton and the propagation constant under
different degree of nonlocality. The power of the single bright soliton does not monotonically increase with the increasing
propagation constant when the degree of nonlocality ds is 10. We also derive the relation between the power of dipole
bright solitons with the cubic nonlinearity parameter and the propagation constant under different degree of nonlocality.
The power decreases monotonically with the increasing propagation constant when the cubic nonlinearity is a certain

value or with the increasing cubic nonlinearity when the propagation constant is a certain value.

Keywords: nonlocal nonlinear effect, spatial optical solitons, stability
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