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Fig. 1. Characteristics and stable propagation of the dark solitons for different nonlocal parameters: (a) Soliton structure

and induced refractive index when as = 0.2 and d3 = 1; blue solid curve 1 corresponds to ds = 1; red solid curve 2

corresponds to ds = 10; dash curves 1’ and 2’ are the corresponding refractive index curves; (b) propagation when as = 0.2

and d3 = ds = 1; (c) propagation when as = 0.2, d3 = 1 and ds = 10; (d) soliton structure and induced refractive index

when a5 = 0.2 and ds = 10; blue solid curve 1 corresponds to d3 = 1; red solid curve 2 corresponds to d3 = 2; black solid

curve 3 corresponds to d3 = 5; dash curves 1/, 2/, and 3’ are the corresponding refractive index curves; (e) propagation

when as = 0.2, d3 = 2 and ds = 10; (f) propagation when as = 0.2, d3 = 5 and ds = 10; (g) power versus the propagation

constant when agz = —1, as = 0.2, ds = 10; (h) power versus the propagation constant when az = —1, a5 = 0.2, d3 = 1;

(i) the power versus nonlocal parameters ds.
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Fig. 2. Characteristic and stable propagation of the dark solitons for different nonlinear parameters: (a) Soliton structure and

induced refractive index when d3 = ds = 1, as = 0.2 (blue solid curve 1) and a5 = 0.02 (red solid curve 2); (b) propagation

when d3s =ds =1, a5 = 0.2.
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Fig. 3. Characteristic and stable propagation of the double-pole dark solitons for different nonlocal parameters: (a) Soliton
structure and induced refractive index when dz = ds = 1 (blue solid curve 1) and d3 = 1, d5s = 10 (red solid curve 2); dash
curves 1’ and 2’ are the corresponding refractive index curves; (b) propagation when d3 = ds = 1; (c) propagation when
d3 =1 and ds = 10; (d) soliton structure and induced refractive index at ds = 10 when d3 = 1 (blue solid curve 1), dz = 2
(red solid curve 2), ds = 5 (black solid curve 3); dash curves 1/, 2/, and 3’ are the corresponding refractive index curves;
(e) real part of the perturbation growth rate for the double-pole dark solitons versus propagation constant at dg = 2ds = 10
and d3 = 5, ds = 10.
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Fig. 4. Unstable propagation of the double-pole dark solitons: (a) Soliton structure (blue solid curve) and induced refractive

index (red dash curve) when d3 = 1 and ds = 3; (b) propagation when dz = 1 and ds = 3; (c) real part and imaginary part

map of the perturbation growth rate for the case (a); (d) soliton structure (blue solid curve) and induced refractive index

(red dash curve) when d3 = 5 and ds = 3; (e) propagation when d3 = 5 and ds = 3; (f) real part and imaginary part map

of the perturbation growth rate for the case (d).
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Fig. 5. Characteristic and stable propagation of the tri-pole dark solitons for different nonlocal parameters: (a) Tri-pole soliton
structure and induced refractive index when d3 = ds = 1 (blue solid curve 1) and d3 = 1, d5 = 10 (red solid curve 2); dash
curves 1’ and 2’ are the corresponding refractive index curves; (b) propagation when d3 = ds = 1; (c) propagation when d3 = 1,
ds = 10; (d) soliton structure and induced refractive index at ds = 10 when d3 = 1 (blue solid curve 1), d3 = 2 (red solid
curve 2), dg = 5 (black solid curve 3); dash curves 1/, 2/, and 3’ are the corresponding refractive index curves; (e) propagation
when d3 = 2 and ds = 10; (f) propagation when d3 = 5 and ds = 10; (g) power versus the propagation constant when az = —1,
as = 0.2, ds = 10; (h) the power versus the propagation constant when az = —1, as = 0.2, d3 = 1; (i) real part and imaginary

part map of the perturbation growth rate when b = —0.5, d3 =1, d5 = 1.
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Fig. 6. Propagation of different tri-pole dark solitons: (a) Soliton structure (blue solid curve) and induced refractive index

(red dash curve) when d3 = ds = 1; (b) soliton structure (blue solid curve) and induced refractive index (red dash curve)

when d3 = 5 and ds = 3; (c) propagation when d3 = ds = 1 and L = 11.575; (d) propagation when d3 = 5 and ds = 3;

(e) real part and imaginary part map of the perturbation growth rate when ds = 5 and ds = 3.
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Fig. 7. Characteristic and stable propagation of the quadrupole dark solitons for different nonlocal parameters: (a) Soliton
structure and induced refractive index when dsz = 1, d5s = 1 (blue solid curve 1) and d3 = 1, ds = 3 (red solid curve 2); dash
curves 1’ and 2’ are the corresponding refractive index curves; (b) propagation when d3 = 1, ds = 1; (c) propagation when
ds =1 and ds = 3; (d) soliton structure and induced refractive index at ds = 1 when d3 = 1 (blue solid curve 1), dz = 2
(red solid curve 2), ds = 4 (black solid curve 3); dash curves 1/, 2/, and 3’ are the corresponding refractive index curves;
(e) propagation when d3 = 2 and ds = 1; (f) propagation when d3 =4 and ds = 1.
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Fig. 8. Unstable propagation of the quadrupole dark solitons: (a) Soliton structure (blue solid curve) and induced refractive

index (red dash curve) when d3 = 3 and ds = 1.9; (b) propagation when d3 = 3 and ds = 1.9; (c) real part and imaginary
part map of the perturbation growth rate when d3 = 3, ds = 1.9.
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Fig. 9. Characteristic and stable propagation of the penta-pole dark solitons for different nonlocal parameters: (a) Soliton
structure and induced refractive index when d3 = 3, ds = 5 (blue solid curve 1) and d3 = 3, d5 = 6 (red solid curve 2); dash
curves 1’ and 2/ are the corresponding refractive index curves; (b) propagation when ds = 3, d5 = 5; (c) propagation when
ds = 3, ds = 6; (d) soliton structure and induced refractive index when ds = 3, d5 = 5 (blue solid curve 1) and d3 = 4,
ds = 5 (red solid curve 2); dash curves 1’ and 2’ are the corresponding refractive index curves; (e) propagation when ds = 5,

ds = 3; (f) propagation when ds = 5, d3 = 4.

0 0
—-15 =10 =5 0 5 10 15 —-15 =10 =5 0 5 10 15
T x

10 né% = 0.01 FMS 5 TR INTARIRAIS  (a) d3 = 3, ds = 5 W TLIRIEINT AR E IEHRE; (b) d3 = 4, ds = 51
FLARHE LT ANFR R B A 6 P

Fig. 10. Characteristic and propagation of the penta-pole dark solitons with the white noise of §2 = 0.01: (a) Propagation
with the white noise when d3 = 3, ds = 5; (b) propagation with the white noise when d3 = 4, ds = 5.
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Fig. 11. Characteristic and stable propagation of the dark solitons for different nonlocal and nonlinear parameters: (a) Soli-
ton structure and induced refractive index when as = 0.1 and as = —1; blue solid curve 1 corresponds to ds = 1; red solid
curve 2 corresponds to ds = 10; dash curves 1’ and 2’ are the corresponding refractive index curves; (b) propagation when
a3 = 0.1, as = —1 and ds = 1; (¢) propagation when a3 = 0.1, a5 = —1 and ds = 10; (d) soliton structure and induced
refractive index when as = —1 and ds = 1; blue solid curve 1 corresponds to az = 0.1; red solid curve 2 corresponds to
a3 = 0.5; black solid curve 3 corresponds to ag = 1; dash curves 1/, 2/, and 3’ are the corresponding refractive index curves;

(e) propagation when as = —1, ds = 1 and a3 = 0.5; (f) propagation when a5 = —1, ds = 1 and a3 = 1.
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Fig. 12. Characteristic and stable propagation of the dark solitons for different nonlinear parameters: (a) Soliton structure

(blue solid curve) and induced refractive index (red dash curve) when ag = 1.27, a5 = —1 and ds = 1; (b) soliton structure

(blue solid curve) and induced refractive index (red dash curve) when a3 = —1, a5 = 0.1 and ds = 1; (c) propagation when

a3 = 1.27, a5 = —1 and ds = 1; (d) propagation when a3 = —1, a5 = 0.1 and ds = 1.
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Fig. 13. Characteristic and stable propagation of the double-pole dark solitons for different nonlocal nonlinear parameters:
(a) Soliton structure and induced refractive index when ag = 0.1 and a5 = —1; blue solid curve 1 corresponds to ds = 1; red
solid curve 2 corresponds to ds = 10; dash curves 1’ and 2’ are the corresponding refractive index curves; (b) propagation
when a3 = 0.1, a5 = —1 and ds = 1; (c) propagation when agz = 0.1, as = —1 and ds = 10; (d) soliton structure and
induced refractive index when a5 = —1 and ds = 1; blue solid curve 1 corresponds to ag = 0.1; red solid curve 2 corresponds

to ag = 0.5; black solid curve 3 corresponds to az = 1; dash curves 1/, 2/, and 3’ are the corresponding refractive index

curves; (e) propagation when as = —1, d5s = 1 and a3 = 1; (f) propagation when a5 = —1, ds = 1 and a3 = 1.18.
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Abstract

In this paper, we mainly simulate the characteristics of the ground state dark soliton and the multipole dark soliton
in the nonlocal and cubic-quintic nonlinear medium. Firstly, the influences of the degree of nonlocality on the amplitude
and the width of the dark soliton in the self-defocusing cubic- and self-focusing quantic-nonlinear medium are studied.
Secondly, we find the nonlinear parameters affecting the amplitude values of solitons, but the refractive index induced by
the light beam is always a fixed value. The numerical results show that the ground state dark soliton can be propagated
stably alone the z axis, and the stable states of the dipole soliton and the dark tri-pole and quadru-pole solitons are
stable. However, some quadru-pole dark soliton is unstable after propagating the remote distance. Furthermore, we
also discuss the characteristics of the ground state dark soliton and the dark dipole soliton in the local cubic-nonlinear
and nonlocal quantic nonlinear media. Both the amplitude and the beam width of the dark ground state soliton and
dark dipole soliton are also affected by the degree of nonlocality and nonlinearity. Two boundary values of the induced
refractive index change with the variations of the three nonlinear parameters. The dark soliton and the dipole dark
soliton are more stable in the self-focusing cubic nonlinear and the nonlocal self-defocusing quantic nonlinear medium
than those in the self defocusing cubic nonlinear and nonlocal self-focusing quantic nonlinear medium. The powers of
single dark soliton and dark tri-pole soliton decrease monotonically with the increase of propagation constant when the
cubic-quintic nonlinearities are certain values and these degrees of nonlocalities are taken different values. Furthermore,
we also analyze linear stabilities of various nonlocal spatial dark solitons. And we find that the dipole dark soliton is
unstable when the propagation constant is in the region [—0.9, —1.0]. These properties of linear stabilities of other

multi-pole dark solitons are the same as their propagation properties.
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