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In this study, we investigate the perturbed Fokas-Lenells equation with conformable fractional derivatives in the presence of white noise,
employing two advanced methodologies. The analysis utilizes Hermite and inverse Hermite transformations within the framework of white
noise theory to derive solutions to the model. We also construct traveling wave solutions, optical soliton solutions, and their respective
stochastic counterparts.
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1. Introduction where the first term represents the temporal evolution of the
pulses in birefringent fibers andz, ¢) is the complex val-

Physical systems use the extended nonlinear dsthger  yed function that describes the profile of optical pulseZ)n (

equations (NLSEs) with higher-order terms to explain morehe coefficientsa(t), b(t), r(t), s(t), and ¢(t) are variable

realistic circumstances. The Fokas-Lenells equation (FLE) iggeffiecients of group velocity dispersion (GVD), spatio-

an integrable version of the NLSE that has I’ecently receive%mpora| dispersion (STD)' inter modal dispersion (|MD)'

a great deal of interest [1-5]. The FLE describes a light pulsgelf steepening perturbation term and nonlinear dispersion

propagation applicable to a femtosecond or subpicosecormD) respectively.

regime. Using conformable derivatives, Ed)(can be written as:

Randomness is present in all types of physical occur-

rences in the real world. The phenomenon’s internal and ex- iD}u + a(t)D?u + b(t) D ,u + |ul? (c(t)u

ternal interferences are the source of this type of randomness.

Due to the imprecision of experimental data, some random + ih(t)Dfu) =i {r(t)Dgu + g(t)Df (|u|2 u)

interference items should be incorporated into physical mod-

els in order to make the model closer to reality. s 9

We analyze the stochastic form of the FLE with con- +a(t)uby (|“| )I]’ @)

formable fractional derivatives in this work. Because of the

additional random terms, analyzing stochastic equations iwhereu = u(x,t), (z,t) € R x Ry.

more challenging than deterministic equations. Despite the The definition of conformable fractional derivative for the

fact that the stochastic equations have some difficulties obfunction f : (0, 00) — R, with order is given by [18]:

taining explicit solutions due to the additional random terms -8

and Wick product, extracting the Wick-type explicit solu- DPf (¢) = lim fC+ec™P) - f (O7 3)

tions of the stochastic Wick-type nonlinear partial differential ¢ e—0 €

equations is crucial for their analysis. There are few studiegnereq < B <1and¢ > 0.

on the solutions of stochastic equations, some of which are  gome prc?perties of these derivatives can be presented as

presented in [6-17]. In this study, we consider the Wick-;5|jows:

type stochastic perturbed FLE namely we take into consider-

ation this equation in a white noise environment. We use two i.) D?g“ = k(" P VK €R,
powerful analytical methods, white noise theory and Hermite

transformations to obtain various solutions for the model. ii.) D! (fg) = fcDPg+ 9. D",
The dimensionless form of FLE in the presence of dual dis- 3 -8 ,
persion, including perturbation is structured as: iti.) De(fog)=¢"g"(0)f (9(C)),

Br_ B
iv.) DE(f) = 9Bl

iy + a(t)ugs 4+ b(E)ugr + |[ul? (c(t)u + ih(t)ug) g

. 2 2 In this work, we study the Wick-type stochastic perturbed
! [T(t)ul +s(t) (W u)x +a(t) (|u| )3: u} @ FLE with conformable fractional derivative as
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iD]U + A(t) o D2PU + B(t) o D2 .U + |U|** [C(t) o U + iH(t) o D2U]
— i |R(t) o DIU + S(t) o DI(UI™ U) + Q(t) o U o DI(UI™)| @)
with the wick product ¢” in the Kondratiev distribution spade5) _, which provides a method for renormalizing some infinite

quantities in quantum field theory. In E@)( A(t), B(t), C(¢t), H(t), R(t), S(t) andQ(¢) are Gaussian white noise functions
on the Kondratiev distribution space. For additional information on stochastic Kondratiev spaces and the Wick product, see [6].

2. Mathematical analysis
By applying the Hermite transformation into Ed)(Wick products are transformed into ordinary products as
iD}U (2,t,) + A(t,Q) DU (2,t,¢) + B(t, () D} ,U (2,,()

+ ‘(7 (g:,t,g)f [5@5, OU (a,t,¢) +iH (¢, ) DU (a1, g)}

[(to T (e,1,0) +8(t,)DX(|T

0 (2,4,0)| 0 (2,1, )+, T (2,1, DI

~ 2
G0, ®

where¢ = ((1,(2,...) € (C) is a vector parameter. For the sake of simplicity we will take, ¢) = alt, ¢), ‘B(t,() =
b((t,é),cgf(M) oft,Q), H(t,¢) = h(t,Q), R(t,¢) = r(t,0), S(t,¢) = s(t,¢), Q(t;¢) = q(t,¢) andU (w,t,()
u(z,t,q).

Let us consider the solution form as follows

u(a,t,¢) = P (¢) €, (6)
wherey = ¢ (z,t,¢) and¢ = ¢ (z,t, () are defined as:
B ty
¥ (@t,0) =« (Z) o f S @)
3 t
st =t (%) vu [ SEHar @

respectively. In Eqsi7) and B), , v, £ andw are free constants and nonzero functiradI" are determined later. Applying
transformationi§), we obtain the real and imaginary parts of E%).ds

2

la(t, O)k? + b(t, )kl (t, Q)] % _

[wI (t,¢) + a(t, Q)€ + b(t, O)wI'(t,¢) — r(t,¢)¢] P
+[e(t,¢) = h(t, ()l + s (t,¢) (] P* = 0, )
and
0 (t,¢) v+ 2a(t, )kl — r(t, )k + b(t, Q) [T (¢, ¢) kw + 0 (¢,¢) tv] + [h(t, ) + 3s(¢,¢) — 2q(t, )] kP* =0, (10)

respectively. The imaginary part implies

ki (r (£, ¢) = 2a(t, Q)f) — v (t, ) (alt, §) + b(t, ()

L0 = kb(t, Ow ’

(11)

and

h(t7 C) = QQ(tv C) - 35(t7 <) (12)

Equations/11) and (L2) are true for all of the solutions presented in this study.

Rev. Mex. Fis71041302



OPTICAL SOLITON AND TRAVELLING WAVE SOLUTIONS FOR THE WICK-TYPE STOCHASTIC FOKAS-LENELLS EQUATION 3
2.1. Traveling wave solutions by extended (G'/G)-expansion technique

Using the extended G'/G-expansion method the solution toBjgiyen as

P () = o0o(t,0) + znjlaxt,c) (&) +neo(S) . 13)

where the functionsy, o, n; will be determinedG = G(¢) satisfies the following second order linear differential equation
G" + \G' + uG =0, (14)

where) andy are constants. Using the homogeneous balance between thedtdra)? and P3 appearing in Eq.9), the
solution form can be written as

P =at.0 01,0 (§ ) +mio (§) (15)

Substituting Eqs[14) and (L5) into Eq. 9), equating the coefficients ¢’ /G) with the same powers we get the following
solution sets.

Set 1l
A 7é 0, b(t7 C) = _1’ C(t7 C) —h (ta C)E + S(tv C)E ()‘2 - 4#) 7é 0, b(t’ C)H(t, C)"{ 7é 0,
B )\\/ﬁ (t,¢) —a(t,()0) ” _ 200(t,Q) o
Y T ) T T ra Lo M S A
KZZ 2 _ a — T —a
01,0 = - 200 SO 2 eI 0= 6)
Set 2

1
AN#0, T(t,0)0#0, b(t,¢) = 7’ 0+ 4K%20%0 — 326102 £ 0,

_ AV (90 _ 2u00(tQ)
UO(t7C)_i\/(>\2_ )[ (t,C)— (t7<)€+8(t,<‘)£]7 771(t7C)— \ ) 0(t7<)7é07 (17)

=@ =) L[r(t,0) — a(t,0) 0] — 2a (¢, ) (N — 4p) K2p
o= Sropb(r,

Remark 1: In set 1, the sign of; changes depending on the signegf and similarly, in set 2, the sign of; changes
based on the sign of;.
Using the above solution sets and solutions of @d),(and substituting Eq16) into Eqg. 9), the following solutions are

found.
Forset 1

, Ul(t,C):O.

i. The case\? —4p >0 :

We get the hyperbolic function traveling wave solution as

VOZ(r(t,0) —a(t, ) 0/ 2 —4p (E cosh (Ww) + Fsinh (Ww))
up(z,t,¢) = £ [
A/ = 4p0) (e(t,C) = R (£, O) L+ s(t, O)D) (E sinh (VAZ‘%) + Fcosh (Vg‘*“w))

X exp {z (e (“";) + w/ot Fffjg) dr) } , (18)

where it has the following necessary conditions:

¢ (’I“(t, C) —a (tv C) €> >0, (19)
(c(t,¢) = h(t,Q) L+ s(t,C)) > 0. (20)
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4 E. ULUTAS

ii. The case\? —4u <0:

We obtain trigopnometric function traveling wave solution as

VINE(r(t,C) — a (t, ) 0)/4u — N2 (F cos (\/?1”) — Esin (@d)))

UQ(ZE,t, C) =

i)\\/()\2 4 (5,0 —h (6O + s 00 (E cos (@w) + F'sin (@w))

X exp {z (E (a;’) + w/ot FT(lTig) dT) } ;

with conditions|(.8) and

(c(t, ) = h(t,C) £+ 5(t,¢)f) <0

In Egs. (L8) and 21), F and F' are arbitrary constants and= ¢ (z, ¢, ¢) andI'(¢, ¢) are defined as:

P\ L2 0 R O ) A0 a0
)+

V(@80 =~ (ﬁ 2b(7, Q)kv (A2 — 4p) 718 m

and

Kk (r (T ¢) — 2a(r,¢)0) [21)(7—, ¢)kv (/\2 — 4ﬂ)] +
v [2a (7, Q) K2 (N = 4p) + 4L [r(1,¢) — a(7,¢) 4] (a(7,¢) + b(7,{)0)
2b(7, ¢)k2vw (A2 — 4p) :

I'(r,¢) =

WhenFE = 0 andF # 0, the solutions18) and 21) convert to

VIt ¢) —a(t,¢)0) tanh <V X —du

’ ’ 2 d) X ¢ T,
Vet,0) — (6,0 L+ s(t, Q)¢ ) P { (g (5) “"/o Ff(l—g)d7> } ’

wia(@,t,C) =
VG a0 ot (V52 ) .
Y & (c(t,oh(uc)u(s(t,c)e) )exp {’(E (;> ru | Ff(l’g)‘”)}’
respectively.

On the other hand, if we takl # 0 andF' = 0, then solutions18) and 21) become

\/f (r(t,¢) —a(t,¢) ) coth ( v )‘22_4“

,(/] e t T
OO0 L) () o [ H20))

U172(I,t,<) =
and
uz2(z,t,¢) = \/_ RV A ET X)) exp {z <£ (ﬁ) + w/o pw d7> },
respectively.
For set 2:

i. The case\? —4u > 0:
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OPTICAL SOLITON AND TRAVELLING WAVE SOLUTIONS FOR THE WICK-TYPE STOCHASTIC FOKAS-LENELLS EQUATION 5

The Eq. @4) admits the following hyperbolic function traveling wave solution
(—E)\\/)\Q — A+ F (3 - 4u)) cosh ( v ”2‘4%)
+ (—FAMA? —Ap+E(\ - 4u)) sinh (V *22‘4%)
(F)\ — E\/\2 — 4u> cosh ( v /\22_4“1/)>
+ (BA= P27 =) sinh (V ”24“1/))
) z? LT (r,
X exp {z (z (5) +w/o T(lg)d7>}’ (29)

with necessary conditiond @) and 20).

VI (r(t,Q) —a(t,¢)0)

’U,g(fE,t,C) ==+

AV (A2 = 4p) [e(t,¢) = 1 (t,¢) £+ s(t, O)1]

ii. The case\? —4u <0:

The Eq. &) admits the following trigonometric function traveling wave solution

(B (2= 40) - PAVA = N2) cos V w

VRGO —alh,0 D) -
( ( 4u) + EA/4p — )\2 sm w
U4($,t,<) ==+ 2
(E)\ F\/4p — )\2 cos 4“ A )

A/ (N2 = 4p) [e(t, ¢) — b (£, Q) £+ s(t, O)]

(F)\+E\/4/A )\2 Sll’l( 4” V22 )

8 t
X exp {z <e <“Tﬁ) + w/o FT(lT_’g)dT) } : (30)
with conditions|L9) and 22).
In Egs. R9) and B0), I' is defined in Eq.24) and is defined as follows

(31)

W) Y / —2a(r,¢) K2 (N = dpr) — (20° — 4p) ([r(r,0) —a (.0
0

Vit =r ( 8 2b(1, ¢)kvpuTi=>~

Specifically, takingtl = 0 and F' # 0, results in the solution®0) and B0) becoming

VTG =607 ¥~ 4= 2R = Tutauh (V550 )|
VOT = Tt~ RG5O A — /3~ Futauh (Y524 )|
ol (5)oe 550
VIO =600 ¥ — 4= 2B 2ot (V70 )
VO = TG~ H 0 5008 [ = Vi~ Root (V50 )|

X exp {z (e (”5;) +w /Ot FT(lT_’g) dT> } : (33)

Rev. Mex. Fis71041302
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Then if we takeF = 0 andE + 0, the solutionsZ9) and B0) become
NAGEETIND [A? — 4= A/ = Tucoth (“Tw)]

VO = ] 0.0~ Q) T 516,01 [A = = dcoth (L7224 )

ol () 255
VIGTEG = a0 0] ¥ = = A= At (Y50 )

VOT = T 0 A0 008 |~ Vi~ At (Y5 )|

ol (5o 55

Remark 2: In the case oA? — 4, = 0, we do not have any solution for Ea)(

U372(I, ta C) ==+

’LL4,2($, ta C) ==

2.1.1. Wick-type stochastic traveling wave solutions

The theorem 4.1.1, proved by Holdenal. in [6], has been used in this part. Wick-type stochastic solutions of4}aré
obtained, by applying the inverse Hermite transform to the above solutions

i. The case\? —4u > 0:

IR = A1) o /3 — g (E cosh® (@ ¢) + Fsinh® (\/W ¢>)
WO A OO —HO I+ 500 (E sinh® (@w) + F cosh® (@w))

o exp {1 <£ (?) +w/0t ;(ngr)}, (36)

which is restricted the conditions

Ul(x,t) =+

C(R(t) — A(£)0) > 0, (37)
[C(t) — H (t) £+ S(t)(] > 0. (38)

ii. The case\? —4u <0:

VOZERE) —A®) ) o /In - N2 (F cos® ( Vi3 ¢) — Esin® (\/4'7 ¢>>
MO A O —H O I+ 500 o (E cos® (\/‘**;jw) + Fsin® (\/4*?@)

o exp {z <e <"§> + w/Ot fl(fg dT> } , (39)

with conditions87) and

Ug(x,t) =+

[C(t) — H (t) £+ S(t)] < 0. (40)

Rev. Mex. Fis71041302



OPTICAL SOLITON AND TRAVELLING WAVE SOLUTIONS FOR THE WICK-TYPE STOCHASTIC FOKAS-LENELLS EQUATION 7

In Egs. B6) and 39), ¢y andI are defined as follows:

(2 ; b —2A(1)k* (A2 —4p) — 4 [R(T) — A(7) (] )
ot =n(G) o Bree (g riT )
[2A(7) & g (/52) _4234(T)‘1€f) [?%?])3( z:(v ()AZ})] o (A )(] ;r B(r)f)
v ) + T)— T T) 4+
L) = 2B2(7)k2vw (A2 — 4p) ’ (42)
WhenFE = 0 andF' # 0, the solutions36) and 39) reduce to

T(R(t) — A(f)0) o tanh® (V ”;‘%) P ‘)
Ura(z,t) ==+ N O IO ] & exp {2 (E (ﬁ) + w/o B dT) } , (43)

VI (R(t) — A(t) ) o cot® ( . 4”_A2 ¢) . e LT (7)
Usi(x,t) ==+ )\\/ GIEEOD) oexp{z <£(ﬁ>+w/0 Tl_ﬂdT)}, (44)

respectively. On the other hand, if we taEeyé 0 andF = 0, then solutions36) and B39) become
C(R(t) — A(t)£) o coth® @w t
(e(2 L)
ocexpRil(l|— | +w Sdr ) b, (45)
VO(t) = H (8) £+ S(t)e 5 =

C(R(t) — A(t) ) o tan® @w N —
V- (C(t)H(t)g+<S(t)£) > o exp {l (5 (;) —l—w/o fl(ng)}, (46)
respectively.

Similarly, for set 2, we acquire the following Wick-type stochastic hyperbolic and trigonometric solutions @) Eq. (
(—E)\\/M—&— F(\— 4u)) cosh® (@1&)

+ (=FAVX =4+ B (X ~ 4pr) ) sink® <W¢)
(FA = BVAT = 4u) cosh® <W2j w)

+ (BA~ Fy/2% =) sink* (Ww)

d7>} (47)
(B (2 =) = FAVAu = N?) cos® (m ¢>
+(F — 4p) +E)\\/m) sin® (mzp)
(E)\ F\/m) cos® (
<F)\+E\/m) sin® (mw)

oexp {z (e (‘”;) +w/0t £1(_T5)dr>}, (48)

wherel is defined inl42) and+ is defined as follows:

xﬁ) o /t =267 (A2 — 4p) A (1) — (2N2 — 4p) L[R(T) — A (1) (]
0

Viwt)=nr <ﬁ 2kvpB(T)TI=A

Ulyg(x,t) ==+

Usp(z,t) =F

VIERG —AWD D)o

U3($,ﬁ) =+

AW =4 [C) — H (1) L+ S o

ol (7)o

VIR (RO —AD)0) o

U4(.T,t) =+

~
| =
]
<
N———

A=A [C) —H @) I+ S o

dr. (49)

Rev. Mex. Fis71041302
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EQ. (47) is restricted with conditions3(7) and 38) for the case\? — 4 > 0. Similarly Eq. @8) is restricted with conditions
(37) and @0) for the case\? — 4, < 0.
The following dark and singular optical soliton solutions result from the solutidrjsand 48) whenFE = 0 andF # 0 :

%dxﬂ:{i TR - A0)0) . NAOEP0D
o oS >ww H(O)(+ 501 VR —4p)[C0) — H(D) L+ 50)0)

A+ /A2 — 4utanh® ( v /\22— 4%)] } o exp {z (4 (xﬁ> + w/ot El(fﬂ)d7> } (50)

B
wﬂxﬂ:{i [(R() - A(D)0) . w/IRD —AD D)
o e >wu H(0) [+ 500 /02 —4p)[C() —H (0 L+ S(0)0

/4 2 B t
l NV VpY: cot<>< ’“‘2 A ¢>] }oexp {z (z (Z) +w/ Fl(fﬁ)dT)}. (51)
o T
Then if we takeF' = 0 andE # 0, the solutionsl47) and 48) become

Us o(x t){;t LR —A®) 0 N 1/ (R(t) —
o Vi >wm H(O)+50 /¥ —4w) [C(1) -

A+ VA2~ dpcoth® (Wzﬂ)] } oexp {z (g (xﬁ) + w/ot Zl(fg dT) } : (52)

A0
H (t) £+ S(t)(]

B
and
wﬂ%ﬂ:{i WIRH -AO0  , w/IRO-ADD
| VR [00) - BB+ 508 2 — 4w [C(D) —H (D + SO
o l)\ — VA — 2 tan® <4“2A2¢>] } o exp {z <e (“T;) tw /Ot 51(_7; dT> } : (53)
respectively.

2.2. Bright and dark optical soliton solutions by Jacobi elliptic function ansatz technique
We will use the Jacobi elliptic sine and cosine function to get explicit solutions of4in this part. We assume that
P () = A(t,¢) sn” (¥,m), (54)

wheresn is the Jacobi elliptic sine functiomp € (0, 1) is the modulus of this function, whil&(¢, ) andp are determined
later.
Using the hypothesi$d) , Eq. 9) reduces to

[a(t, O)r® + b(t, O)rvd (t,0) | { (p = 1) pA (£, Q) 50 (,m) — p [m® (p — 1) +m + p] A (¢, C) sn” (1), m)
+mp (mp + 1) A (t,¢) sn”*2 (,m) } — [wD (£, ) + a(t, )€ + b(t, YlwD (t,¢) — r(t, O A (t,C) sn” (v, m)
[0 (6:€) = h(t, O + 5 (£,0) N® (£,C) sn™ (1), m) = 0. (55)
Matching the exponents 6f.”*2 (1, m) andsn3” (¢, m) in the above equation, yields
3p=p+2, (56)
which gives

p=1 (57)

Rev. Mex. Fis71041302



OPTICAL SOLITON AND TRAVELLING WAVE SOLUTIONS FOR THE WICK-TYPE STOCHASTIC FOKAS-LENELLS EQUATION

In (55), equating coefficients afn?*7 (¢, m), for j = —2,0, to zero we get
A, C) = ~m(m+1)a(t, OK? + b(t, kvl (¢, Q)]
’ c(t,¢) —h(t, Ol +s(t, Q)L '

Ca(t,Q) (m 4 1) K+ wl (2,8) [b(t, )0+ 1] +a(t,¢) 2 —r(t,O)f
b(t,¢) (m+1) kv ’

0 (t7C) =

which requires the constraint

a(t, Q)x* + b(t, O)rvl (¢, ¢)
c(t,¢) —h(t, Q) + 5 (t,C) ¢

So, we have the Jacobi elliptic function solution

e %m(m;;)@_{) a0+ U Qb 00, (”‘;)+ / t "0 )
xexp{i(f(m;>+w/0 7_(1 5) )},

wherel (¢, ¢) andd (¢, ¢) are defined in11) and 69) respectively.
From Eg. [61), we get the dark optical soliton solution given below when- 1, as

w58 O“JZ%Z?Z?EZ?? tah< (5) o+ [ i)

Now, we assume that
P () = X(t,¢) en” (Y, m).

< 0.

Thus real part reduces to
[a(t, Q)% + b(t, kvl (£,0) [{ (p = 1) p (1 = m2) A (.Q) en?~2 (,m) + p [m? (2p — 1) +m — p]

X A (t,¢) en (b, m) —mp (mp + 1) A(t, Q) en?*? (¢, m) }
— [wI' (,¢) + a(t, Q)% + b(t, O)wD (t, () — r(t, ()] A (t,C) en” (1, m)
+[c(t,¢) = h(t, )+ 5 (t,O) X3 (t,¢) en®l (1, m) =

If necessary operations are performed for coefficients and exponeB),inve get the value ing7) and also

AEQ) = o T+ 1) [alt Or? + bt Qv (1))

7 C(tac) - h(t,g)é—FS(t,C)é 7

a(t,¢) 0 —a(t,¢) (m* + m—+1) &2 +wl (x,t) [b(t, () + 1] + —r(t, ()¢
b(t,¢) (m2 +m+1) kv ’

0(t,¢) =

which requires the constraint

a(t,O)k% + b(t, ) kb (t,C)
c (t7 C) - h(t7 C)f +s (t7 C) ¢

So the Jacobi elliptic function solution is obtained as

~_[m(m+1)[a(t, )k 4 b(t, ¢)kv (t, ()] ﬁ ; Lo (r,0) o
qu)_\/ c(6,0) — h(t, Q0+ 5 (£,0) ¢ c"(“(ﬁ)* /0 7= 47 )

xexp{z’(ﬂ(g?)—kw/o T(ng) 7'>}7

Rev. Mex. Fis71041302
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(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)
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and then the dark optical soliton solution is acquired as follows when the moaiLiusl,
_ [2r]alt, )k + b(t, (vl (¢, C)] o’ / 0(r.0),
uQ(m’t’O_ﬁ(z‘?o h(t,ous(noe eeh(W\g )0, 7

Xexp{ ( ( > 0 Tf_’?m)}. (69)

2.2.1. Wick-type stochastic bright and dark soliton solutions

Equations62) and 69) turn into following dark and bright optical stochastic soliton solutions using inverse Hermit transfor-

mations:
o= - J{iffP“?J’ééfiiifff”mmf ((5) 254
o exp® { (e( > 0 T(f_’g)ch)}, (70)
e - (BRI e (- (5) [ 2594
oexpo{i (e (“?) —|—w/0 T(f g) 7)} (71)
respectively.

3. Conclusion

h icle ai | h ick h Ienvironment. Furthermore, we believe that the approaches
The present article aims to analyze the Wick-type stoc aSédopted in this article will inspire future researchers who will

tic FLE with conformable fractional derivatives. It is o4 ¢t research to address other issues of a similar nature.
performed conversion between Wick products and ordi-

nary products via Hermit and inverse Hermit transforma-

tions. Traveling wave solutions, bright and dark opti- Data availibility statement
cal soliton solutions, and stochastic solutions of the model

are obtained using the extendeéd/G and Jacobi ellip- Not applicable.

tic functions ansatz methods. The constraint conditions

for the existence of solitons are also presented. The

results in this paper will provide important assistanceConflict of interest

to the study of soliton dynamical properties in a white noise
Not applicable.
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