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Abstract In this paper, the stochastic Schrodinger—Hirota
equation with spatiotemporal dispersion and parabolic
law nonlinearity is studied from the field of nonlinear
optics, which is usually used to describe the optical soliton
propagation in birefringent fibers. Firstly, the stochastic
Schrodinger—Hirota equation is converted into nonlinear
ordinary differential equation by using the traveling wave
transformation. Secondly, the optical soliton solutions of
the stochastic Schrodinger—Hirota equation are obtained by
using the complete discriminant system method. Finally,
three-dimensional, two-dimensional, and contour maps
of optical soliton solutions of the stochastic Schrodinger—
Hirota equation are drawn by using the Maple 2022 soft-
ware. The optical soliton solutions obtained in this article
can further help researchers understand the propagation of
optical solitons in birefringent fibers.

Keywords Stochastic Schrodinger—Hirota equation -
Optical soliton solution - Nonlinearity

Introduction

In recent years, the study of optical solitons in nonlinear par-
tial differential equation (NLPDE) [1-25] has become a hot
topic in the field of nonlinear science. The construction of
optical soliton solutions of NLPDE can further explain sci-
entific problems from the fields of physics, nonlinear optics
and engineering technology. Therefore, many experts and
scholars [26-36] have devoted themselves to the study of
optical solitons in NLPDE. However, in the fields of natu-
ral science and engineering technology, the occurrence of
random phenomena is inevitable [37, 38]. Therefore, the
problem of considering the solution of NLPDE with random
noise is a very difficult problem that has puzzled mathemati-
cians and physicists [39-51]. Therefore, the main purpose of
this paper is to construct optical soliton solutions for a class
of stochastic NLPDE.

In this article, we consider the following the stochastic
Schrodinger—Hirota equation in birefringent fibers with spa-
tiotemporal dispersion and parabolic law nonlinearity [52]

W, + a W + by, + (v ? +d 91w + (e lw* + filw 2@ + g1 oDy + ilayy, + A, (lw]*d),

+v (WP + 0, WPy, + 1w ] + oy (y — ibll//x)% =0,
i, + aypy, + brpy, + (c|D1 + dy| 1P + (€2|¢|4d+f2|¢|2|ll/|2 + &lvDe + ilayg, + 4, (9179),
05 (|12, + 0,117 P, + Vo] + 02(p — ibyp,) “;zt(’) =0,

(1.1
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where w(z,x) and ¢(z, x) represent the soliton profiles. g;
and b;(j = 1,2) stand for the coefficients of chromatic
dispersions terms and spatio-temporal dispersion terms,
respectively. ¢; and d;(j = 1, 2)represent the coefficients of
self-phase modulation and cross-phase modulation terms,
respectively. f;, ¢;and g; (j = 1,2) stand for nonlinear terms.
a; and 4,(j = 1,2) are the self-steepening terms. v; and 6,
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(j = 1,2) represent the nonlinear dispersion terms. w—(l)

(j = 1,2) are the white noises. @,(r)(j = 1, 2) represents the
standard Wiener processes. 6(j = 1,2) stands for the noises
strength. In [52], Elsayed et al. obtained the optical soliton
solutions of Eq. (1.1) using the Jacobi-elliptic expansion
approach and the extended auxiliary equation algorithm,
respectively. The main purpose of this article is to construct
optical soliton solutions for equation Eq. (1.1) using the
complete discriminant system method.

The rest of this article is organized as follows: In Sect. 2,
Eq. (1.1) is transformed into the ODEs using traveling wave
transformation. Moreover, the optical soliton solutions of sto-
chastic Schrodinger—Hirota equation are obtained. In Sect. 3,
a brief summary is presented.

Optical soliton solutions of Eq. (1.1)
Mathematical analysis

Firstly, let’s consider the following transformation

w(t,x) = ly(g)ei[m(t,x)+6|w1(l)—0,2l]’

o1, x) =
E=x—-vt, pt.x)=

q)(g)ei[nz(t,x>+ﬂsz(t)—6§tI’
—klx + Qlt + 61,1 = 1,2,

@2.1)

where ¥ and @ represent the amplitude portions of the
solitons. n; (t,x), k. Q and 0 (j = 1,2) stand for the phase

b ]9
amplitude format, the frequen(nes of the solitons, the wave
numbers and phase constants, respectively. v represents the
soliton velocity. So, substituting Eq. (2.1) into Eq. (1.1)
yields the real parts:
(@, = by + 3k ¥ (&) - [al — ko +Y1k
+(Q) = o)1 = bk I¥(E) + d ¥OP Q) + (c) + Ky 4y
+ kD (E) + ¢ P (©) +HPOPXE)
+g PO ) =
(ay — byv + 3ky 1))@ (8) — [ayk3 — kyaty + 1,k
+(Q, — 02)(1 — byky ) ID(E) + dry D(E)P(E) + () + ky Ay
+k0,) D) + €, @7°(8) + LON(OPE)

+ 8PP =
(2.2)

and the imaginary parts:

" (&) - [2a1k; — by(Q — 67) — a; + 3,k
+ (1 = bk VI (&) + (B4, + 2u, + 6PV (&) =
1 ®" (&) — [2aky — by(Q, —

+ (1 = byky 1D/ (&) + (B, + 24, + 0,)P*(E)D' (&) = 0
(2.3)

Next, let be the transformation ®(£) = AWY(&), where A is a

nonzero constant. Thus, Eqgs. (2.2) and (2.3) can be convert

into

(a, — by + 3k )P () — [a)k} — kjay + 1,k
+(Q =o)L = bikDIP(E) + (A%d) + ) + k /11
+kODY(E) + (e + A%y + A*gPP(E) =

(ay — byy + 3ky )P (8) — [ayk5 — kyay + y2k3
+(Q, = 03)(1 = boky)]W(&) + [dy + A%(c, + kz/lz
+ k) (E) + (A" + A% + ) ¥(§) =

2.4)

and

" (&) - [2a1k, — by(Q, — 67) — ) + 371k}
+ (1= bk WP (&) + B4y +2u; + 0PV () =
1P"(&) - Rayk, — by(Q, — 63) — oy + 31,k;

+ (1 = byl WD/ (&) + A2 (B Ay + 2, + 0,)PHEW' (&) =
(2.5)

Integrating Eq. (2.5) and assuming an integral constant of
zero, we obtain

n¥' (& - [2a,k, — b (Q, - 612) —a;+ 371/‘%
1
+ (1= byl V() + (34, + 2, + 0¥ (&) =
1Y (€) - [2ayk, — by(Q, — 63) — ay + 37,k

+ (1 = byky ]P(€) + %A2(3/12 +2uy + 0,)¥(6) =

(2.6)
By the linearly independent principle on Eq. (2.6) yields
n=r=0 a=2ak—b(Q —0c})+(—kb)v, 0

Therefore, Eq. (2.3) are equivalent under following
conditions

a;—by a]k% — ko + Vlk? +(Q, - U%)(l —biky)
a3 — kyay + 12k3 + (Q, — 63)(1 — byky)
A2dy o)+ kA + k0, e + A, + A%

T d + ANy + ko +h0y) AT+ ALt g,
2.8)

Consequently, the velocity of the soliton can be obtained
from Eq. (2.8)

a, —byv
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aylayk? — kyay + (@) — 021 = bik)] — aj[ak? — kyay + (@, — 62)(1 = byky)]

V= , (2.9)
and 0,
+2 ?(5 — &)
A= [(a2 —byv)c, + kA +k0) = (a, —bv)d, !
(@) — byv)(c, + kyhy + ky0) — (@y — byvd, I B (Va@E - p) — VE(@ - p))?
_ (ay = b))y + A%, + 8y) — A(ay — byv)(fy +A%g) ala — p) |E — af .
e = , (2.14)

a, — b2V
(2.10)
satisfying (a, — bv)(c, + ky Ay + ky0,) # (a, — byv)d, and
(ay = byv)(c; + kA + k,0,) # (a; — bv)d,.
Thus, the first equation of Eq. (2.4) can be rewritten as

(&) - 0,9°(&) - 0,%°(&) - O;,¥(8) =0, 2.11)

+A’f +AY A2d, e+, Ak, 0
where ®1=le,gl’ ®2=_ 116 bll 191 and
) ’11—21‘ ay;—byv

ko H@Q=oD(=bik) .
®; = ———————1——satisfying a; # b,».
a,—byv

Multiplying both sides of Eq. (2.11) by ®(£) and inte-
grating once with respect to &, we have

(¥'(©) = %‘1’6(5) + %‘1”@ +O;¥%() +2¢, (212

where c is integral constant.
Setting Z(£) = W2(&), then the integral expression of
Eq. (2.12) is

0; d=
+2 5?(5 -&) = )
VEeE(E3 + PE2 + QE + D)
(2.13)
and D = g satisfying ®; # 0.
1

20,

30
where P = ==2,0 =
20,’ Q o,

Optical soliton solutions of Eq. (1.1)

Assume that FE) =E*+PE*+Q=+D,
A=-21L +D-227 -4Q-%) and T=0-%.
Here, when ©; > 0, we take € = 1. Conversely, when
©; < 0, we take € = —1. Therefore, according to the com-
plete discriminant system of third-order polynomials, we
can obtain the optical soliton solution of Eq. (1.1).

i) A=0T'<0,e=1. Suppose that
FE) =E'+PE2+ Q2+ D = (E-a)*(E - ), where
a and f are the real constants satisfying « # . When
a > fand E > f, or when @ < 0 and E < 0, we can
obtain the solution of Eq. (1.1) from Eq. (2.13)

@ Springer

Whena > fandE < 0,or whena < Eand E < f, we
can obtain the solution of Eq. (1.1) from Eq. (2.13)

24/ 9,
* ?(5 - &)

1 WoeE-p - VEG-w)
a(a = f) '

=
ZE—af

(2.15)

When g > a > 0, we can obtain the solution of
Eq. (1.1) from Eq. (2.13)

«@-p+sa-p G

PIE = af

When a > fand E > f, or when @« < 0 and E < 0, we can
obtain the solution of Eq. (1.1) from Eq. (2.13)

24/
x —?(5—50)

1 WeE+H - VEG - )
«(f - a) ‘

When a > f and E < 0, or when a < 0 and E < f, we can
obtain the solution of Eq. (1.1) from Eq. (2.13)

2.17)

=
|E - af

+2 ©s
+ —?(5_50)

I S (V=a(=E + ) = VE(a - §))*
a(f —a) '

When f > a > 0, we can obtain the solution of Eq. (1.1)
from Eq. (2.13)

(2.18)

=
|E - af

o,
+2 —?(5 —&o)
(E+pa-n+E@-a

IPE — )]

arcsin

I S
ala = p)
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Case IL If A =0, T =0, then F(E) = (B — p)°, where p is
the real number.

() e=1IfE>pandE>0,0orif E< pand E <0, we
can obtain the solution of Eq. (1.1) from Eq. (2.13)

3p
t? = i
w1, %) [p2®1(x—vt—§0)2—3

+ ] 3 el (tx+o 10, (D=0

(2.20)

(ii)) e=—-1IfE>pandE<0,0rifE < pand E > 0, we
can obtain the solution of Eq. (1.1) from Eq. (2.13)

3p
—p*O,(x —vt = &)? -3

+ plaelm@o+eo0-ol

w(t,x) = = [
2.21)

CaselILIfA > 0,I' < 0, F(E) = (E—0))(E - 0,)(E — 0,),
where 6,, 6, and 6; are real numbers satisfying
0<6,<0,<0;.

(i) € =1WhenZ > 0and E < 65, we can obtain the solu-
tion of Eq. (1.1) from Eq. (2.13)

where 2 = 902%)
02(91_93)
Case IV.IfA <0, F(E) = (E-9)DIE - 9,)* + 19%], where
9, 9, and 95 are real numbers, and 9, > 0, 6, > 0,605 > 0.
So, we can obtain the solution of Eq. (1.1) from Eq. (2.13),
where the positive sign corresponds to € = 1 and the symbol

corresponds to € = —1.

dyen2 (VR (¢ yp — £0). m) + dy
V/7(t’ X) ==+ = :
dyen(YEENG (¢ yr — £).m) + d (2.26)
mm,
ei[VI|(f-X)+ﬂ'1w|(’)—6|z’J’
1 1
Whel‘e dl =§191(d3—d4) ) d2=5191(194—d3) .

97-9,(9,-9,)

9
d3=191—192—m_31, d4=191—192—193m1,E= 9,9,

m =E+VE*+1andm? = -,

14+m;

Numerical simulation

When ©,=-1,0,=2,0;=3,§=0v=1c=1,
we can plot three-dimensional diagram, two-
dimensional diagram and contour plot of optical

—=0,05502(1/=0,(0, — 03)1/ = (x — vt = &), m) . i
wi(t,x) ==+ = ellmn+oo, (=0 t], (2.22)
\ —0,sn2(1/—0,(6, — 05)1/ ?‘(x —vt—=&),m)— (0, — 6;)

05(0, — 6,)s02(1/=0,(8, — 03)/ 2 (x — vi — &), m) — 0,(0, — 6
w(t,x) =+ 3(6) — B)sn 26~ 8y 5 So-m) ~ 6,61 3)ei[m(t,x)wlwl(t)—ofr]’ (2.23)

(01 = 02)sm2(\/=0,(6, = 03)1/ - (x — v = &), m) = (6, — 05)
where m? = %. soliton solution |y,(#,x)| as shown in Fig. 1. When

2V =03 1

(ii) & =—1When#8; < E < 6,, we can obtain the solution 0, =1,0,=-4,0;= 7,5 =0,v=1,c=-1, we can

of Eq. (1.1) from Eq. (2.13)

plot three-dimensional diagram, two-dimensional diagram
and contour plot of optical soliton solution |y;(¢, x)|as
shown in Fig. 2.

—0,0,502(\/=0,(0, — 03)1/ L (x — vi — &), m) + 6,6,
ws(t,x) ==+ 2 ei[n‘(t’x)+alw'(t)_6‘2t], (2.24)
—0,502(\/=0,(0, — 03)1/ 2 (x — vt = &), m) + 0 '
N .
Wwe(t,) = % = el (oo (-0, (2.25)
\ (0, — 03)s02(y/=0,(6, — 05)1/ S (x = vi = &), m) — 6,

@ Springer



1306 J Opt (April 2024) 53(2):1302-1308

[— =1 t=2 t=3]

(a) 3D diagram (b) 2D diagram (¢) Contour plot

Fig. 1 The graph of optical soliton solution |y (¢,x)|at®; = =1,0, =2,0; =3,£, =0,v=1,c = é

(o— t=2 £=8

(a) 3D diagram (b) 2D diagram (c) Contour plot

Fig. 2 The graph of optical soliton solution |y;(¢,x)|at®; = 1,0, = —4,0; = %, & =0v=1,c=-1

Conclusion Data availability No data were used for the research described in
the article.
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