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Abstract: In this article, we first consider approach of
optical spherical magnetic antiferromagnetic model for
spherical magnetic flows of ϒ-magnetic particle with
spherical de-Sitter frame in the de-Sitter space �1

2. Hence,
we establish new relationship between magnetic total
phases and spherical timelike flows in de-Sitter space �1

2.
In other words, the applied geometric characterization
for the optical magnetic spherical antiferromagnetic spin
is performed. Moreover, this approach is very useful to
analyze some geometrical and physical classifications
belonging to ϒ-particle. Besides, solutions of fractional
optical systems are recognized for submitted geometrical
designs. Geometrical presentations for fractional solu-
tions are obtained to interpret the model. These obtained
results represent that operation is a compatible and sig-
nificant application to restore optical solutions of some
fractional systems. Components of models are described
by physical assertions with solutions. Additionally, we
get solutions of optical fractional flow equations with
designs of our results in de-Sitter space �1

2.

Keywords: ϒ-magnetic particle, geometric phase, optical
fiber, evolution equations, traveling wave hypothesis,
antiferromagnetic

1 Introduction

Recently, improvement of optical lasers with the applica-
tion of optical magnetic fiber operators has observed
immense influence on spherical propagation by fluid
flows. The complete torque density of the optical phase
with magnetic light anholonomy has been characterized
by considering geometrical fibers. Its construction and
effect have been reported as either dynamic or sys-
tematic. Smith [1] investigated the phase of distinction
of light propagating along with the monochromatic geo-
metric fiber in which it is established by electromagnetic
fields with spherical particle flows in a spherical fiber
generator. Also, elementary verification of optical effect
of phase of magnetic geometric light propagating in optical
fiber was expanded [2]. Ross revised an exactly optical
system to review rotation in coiled geometrical fiber with a
fixed density and confirmed it is generated with diverse
evaluations in fiber edge into geometric fibers. Tomita and
Chiao [3] constructed a review of fiber optical shapes. Hence,
Chiao and Wu [4] received an advanced essential optical
phase of results for geometric density. Further leading
research [6–10], we introduce diverse electromagnetic
optical phase by antiferromagnetic model.

The optical phase is principally inspected by new
electromagnetic phases and their advertiser. Optical non-
linear flow models are regularly executed as construction
to determine considerably involved optical advancements
in distinct functions of ferromagnetic models, principally in
chemical physics, genuine-state physics, plasma physics,
fluid mechanics, optical applied physics, etc. [11–23].

It is remarkable that in numerous fields of physics,
the utilizations of approximately wave interpretation
and its reactions are of comprehensive importance. The
improvements of the natural traveling wave solutions are
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natural consequences of the selection of some representa-
tive variety related to some partial differential and non-
linear fractional differential equations (FDEs). Thus, flood
waves are commonly immensely significant of all-instinc-
tive phenomena; they have a superordinary elegant math-
ematical construction.

The fractional optical theory is a remarkably exten-
sive, momentous of physics, mathematics, and engi-
neering that plays a distinguished segment in an immense
scope of consideration in some scientific areas. Fractional
geometry perturbs the operations of derivatives and inte-
grals of optional order. Over the latest several decades,
enormous recognition because of its numerous modeling
in distinct scientific competitions has been obtained.
Arbitrary-order designs are softer integer-order designs.
FDEs appear in variousmathematical andmodeling regions
comparatively physics, geophysics, polymer rheology, bio-
physics, capacitor theory, aerodynamics, medicine, non-
linear vibration of earthquake, supervision theory, vital
fluid flow phenomena, superelasticity, and magnetical
districts. For the intensive study of its utilization, we
introduce some comprehensive works [24–28].

Methodologies of fractional theory have been strongly
managed in modeling some real elements in optical phy-
sics. Also, fractional differential systems are found to be a
superb apparatus to define certain optical phenomena
along with diffusion processes, damping laws, electro-
statics, electrodynamics, elasticity, fluid flow, and various
others [29–37].

Also, there is an immediately growing significance in
finding a valuable and reliable applied modeling tech-
nique for some equations. Thus, this method has been
successfully implemented for handling different physics
phenomena including optics, atomic and nuclear phy-
sics, plasma, and other sections in optical physics and
mathematical physics [38–42]. Then, some optical and
approximate solution designs and their descriptive appli-
cations have been described in refs [43–45].

The aim of our work, that is, a general development
method is recommended for spherical magnetic total
phase and new solutions of fractional flow equations
with illustrations of results in de Sitter space �1

2. We con-
sider the cases of magnetic antiferromagnetic spin for
Lorentz forces. The advantage of our used technique on
other methods is that: we couple both theory of complex
geometry of particles and antiferromagnetic theory and
recover a special class of fractional flow equations. The
applications of these models are magnetic surfaces.

The outline of the article is constructed as follows.
First, we consider approaches of optical spherical mag-
netic antiferromagnetic model for spherical magnetic

flows of ϒ-magnetic particle with spherical de-Sitter frame
in the de-Sitter space�1

2. Hence, we establish new relation-
ship between magnetic total phases and spherical timelike
flows in de Sitter space �1

2. In other words, the applied
geometric characterization for the optical magnetic sphe-
rical antiferromagnetic spin is performed. This approach
further boosts analysis of some geometrical and physical
classifications belonging to ϒ-magnetic particle. Besides,
solutions of fractional optical systems are recognized
for submitted geometrical designs. Geometrical presenta-
tions for fractional solutions are performed to interpret
the model. These obtained results represent that opera-
tion is a compatible and significant application to restore
optical solutions of some fractional systems. Components
of models are described by physical assertions with solu-
tions. Additionally, we get solutions of optical fractional
flow equations with designs of our results in de-Sitter
space �1

2.

2 Spherical timelike ϒ-magnetic
particles in 1

2�

In this section, the orthonormal frame design is explained
by the orthonormal Lorentzian new spherical Sitter frame
and the particle � �→ϒ : 1

2 refreshing this spherical Sitter
frame equation is defined by
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where ∇ is a Levi-Civita form and ( )= ∇ς T Tdet ϒ, , σ is the
curvature of particle [19]]. Then products of spherical
vector fields are presented by
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Assume that �→Iϒ : 1
2 be a timelike spherical

ϒ-magnetic particle and � be the magnetic field in �1
2.

Timelike spherical ϒ-magnetic particle is defined by
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where ( ( ) )=π h ϕ T N,1 .
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Let ( )s tϒ , be the evolution of ϒ-magnetic particle in
de Sitter space. Flow of ϒ-magnetic particle is given by

∇ = +χ χT Nϒ ,t 1 2

where χ χ,1 2 are potentials.
First, we have
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⋆ Condition of Lorentz forces ( )ϕ ϒ , ( )ϕ T , ( )ϕ N and
magnetic field �ϒ for rotational equilibrium of the time-
like ϒ-magnetic particle
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where ( ( ) )=π h ϕ T N,1 .
By this way, the equation for Lorentz forces ( )ϕ ϒ ,

( ) ( )ϕ ϕT N, reads

�

( )

( ) ( )

( )

( )

∇ = +

∇ = + +

∂

∂

∇ = +

∂

∂

+

∇ =

∂

∂

+ −

ϕ ς

ϕ ςπ π
σ

ϕ π π
σ

ςπ

σ
π π ς

N

T T N

N T N

T

ϒ ϒ ,

1 ,

ϒ ,

ϒ .

σ

σ

σ

σ

1
1

1
1

1

ϒ
1 1

3 New geometric results with
physical applications

3.1 Magnetic antiferromagnetic spin for ϕ ϒ( )

Definition of magnetic antiferromagnetic spin is given by

( ) ( ) ( )∇ = × ∇ϕ ϕ ϕϒ ϒ ϒ .t σ

Then, it is easy to see that

=

∂

∂

+ = −

χ ς
χ
σ

χ ς

,

1.

1

2
1

Magnetic total phase along Lorentz force ( )ϕ ϒ is indi-
cated by
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With some calculations, we have
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Magnetic anholonomy density for ( )ϕ ϒ is
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From magnetic spherical anholonomy density with
antiferromagnetic model is obtained
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ϒϒ

By this way, we conclude
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Similarly, we can easily obtain that
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Spherical magnetic anholonomy density and timelike
ϒ-magnetic particle flow in a kernel of magnetic quadru-
pole for timelike spherical evolution with ( )ϕ ϒ . Spherical
antiferromagnetic density is illustrated with antiferro-
magnetic density design in Figure 1.

3.2 Magnetic antiferromagnetic spin forϕ T( )

Magnetic antiferromagnetic spin is presented by
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First,
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Also, from time parameter, we get
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Magnetic total spherical phase of force ( )ϕ T is obtained
by

�� ( ) ( )( ) ∫∫= ⋅ × ∇ϕ ϕT TΦ dϱ.ϕ tT
ϒϒ

Since, we express
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From magnetic total phase, we obtain
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Using magnetic antiferromagnetic spin for ( )ϕ T , we
have
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Finally, magnetic total spherical phase can be indi-
cated by
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Spherical magnetic anholonomy density and timelike
ϒ-magnetic particle flows in kernel of magnetic quadru-
pole for timelike spherical evolution with ( )ϕ T . Spherical
antiferromagnetic density is provided by antiferromag-
netic density algorithm in Figure 2.

Figure 1: Spherical antiferromagnetic density with ϕ ϒ( ).
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3.3 Magnetic antiferromagnetic spin for
ϕ N( )

From spherical Sitter frame, we get
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Magnetic total spherical phase for spherical Lorentz
force ( )ϕ N is presented by
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Figure 2: Spherical antiferromagnetic density with ϕ T( ).
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Spherical magnetic anholonomy density and timelike
ϒ-magnetic particle flows in kernel of magnetic quadru-
pole for timelike spherical evolution with Lorentz force

( )ϕ N . Spherical antiferromagnetic density is provided by
antiferromagnetic density algorithm in Figure 3.

3.4 Antiferromagnetic spin for ϒ�

Magnetic antiferromagnetic spin is given by
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Figure 3: Spherical antiferromagnetic density with ϕ N( ).
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By magnetic antiferromagnetic model, we get

�

����
=ρ 0.ϒ

ϒ

Finally, we reach

�

����
=Φ 0.ϒ

ϒ

4 Optical soliton for extended
direct algebraic method with
fractional equation in 1

2�

In this part, we design optical fractional solutions of non-
linear flow equation governing of solitons by magnetic
fields of polarized light ray traveling in spherical frac-
tional optical fiber. Traveling wave assumption concept
is operated to gauge some analytical soliton solutions.
Then numerical duplications are also contributed to com-
plement the rational conclusion. Also, we deal with the
following evolution equations of Lorentz force ( )ϕ ϒ .

( )
+ =

− − = > < ≤

π χ
π π χ χ χ t η

2 0
0, 0, 0 1,

t
η

σ σ σσ

1 2

1 1 2 1 2
(4.1)

where ( )π t
η

1 is the conformable derivative operator ( =π1
( )π σ t,1 ); χ1 is a real valued any constant.
Theconformablederivativeoforder ( ]∈η 0, 1 isdefined

as the subsequent interpretation [29]

�( )
( ) ( )

( )=

+ −

∞ →

→

−

D ζ t ζ t ϑt ζ t
ϑ

ζlim , : 0, .η
t

ϑ

η

0

1
(4.2)

Some of the components of the conformable derivative
can be seen in refs [29,30].
(a) �= ∀ ∈

−D t αt η,η
t

α α η ,

(b) ( ) = +D ζϖ ζ D ϖ ϖ D ζη
t

η
t

η
t ,

(c) ( ) ( ) ( ( ))= ′ ′
−D ζoϖ t ϖ t ζ ϖ tη

t
η1 ,

(d) ( ) =

−D η
t

ζ
ϖ

ϖ D ζ ζ D ϖ
ϖ

t η η
t

2 .

It is absolutely smooth to perform with this fractional
derivative. Lately, considerable papers have been con-
structed associated with conformable variety of fractional
computations [30–35].

• Assume that the traveling wave variable is

( ) ( )= = −π σ t u ϕ ϕ σ Q t
η

, , .
η

1 (4.3)

Thus, we have

( )… =B u u u u, , , , 0.ϕ ϕϕ ϕϕϕ (4.4)

• Recognize solution of equation (4.4),

( ) ( )∑=

=

u ϕ α G ϕ ,
N

i
i

i

0
(4.5)

where ≠a 0n and ( )G ϕ can be expressed by

( ) ( )( ( ) ( ) )′ = + + ≠G ϕ A ζG ϕ ϖG ϕ h Aln , 0, 1,2 (4.6)

where h ϖ ζ, , are arbitrary fixed.

By placing the aforementioned equations, we have

( ) ( ) ( ) ( )

( ) ( )
( ) ( ) ( ) ( )

= =

− ′ =

′ − ′ − ″ =

π σ t u ϕ χ σ t v ϕ

v ϕ Qu ϕ
u ϕ u ϕ v ϕ χ v ϕ

, , , ,

2 0,
0.

1 2

1

(4.7)

The solutions of the aforementioned equation be a
finite series as

( ) ( ) ( ) ( )∑ ∑= =

= =

u ϕ α G ϕ v ϕ β G ϕ, ,
j

N

j
j

j

M

j
j

0 0
(4.8)

where ( )G ϕ satisfies equation (4.6), = −ϕ σ Q t
η

η
and α β,j j

for =j N1, .
Then, we put as follows:

( ) ( )
( ) ( ) ( )

= +

= + +

u ϕ α α G ϕ
v ϕ β β G ϕ β G ϕ

,
,

0 1

0 1 2
2 (4.9)

where ( )G ϕ satisfied equation (4.6).
Also, solving the above system, we get

( ) ( )

( ) ( )

= − = −

=

−

=

−

=

−

= −

−

α χ ϖ A α χ ζ A

β ζh
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Q
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3
2

ln , 3 ln ,

6
4

, 6
4

,

6
4

, 4
4 ln

.

0 1 1 1

0 2 1 2

2

2

2
1

2 2

(4.10)
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Solutions of equation (4.1) are presented by
(1) If − <ϖ hζ4 02 and ≠ζ 0, then
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(2) If − >ϖ ζh4 02 and ≠ζ 0, then singular soliton and dark solutions are presented by
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(3) If >hζ 0 and =ϖ 0, then singular spherical periodic solutions are presented by
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(4) If <hζ 0 and =ϖ 0, then dark, singular, bright spherical soliton solutions are presented by
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(5) If =h ζ and =ϖ 0, then singular periodic spherical
solutions are presented by
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(6) If = −h ζ and =ϖ 0, then dark soliton and singular
spherical solutions are presented by
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(7) If =ϖ hζ42 , then rational spherical solution is pre-
sented by
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(8) If =ϖ k, ( )= ≠h mk m 0 and ≠ζ 0, then rational
spherical solution is presented by
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(9) If =h 0 and ≠ϖ 0, then dark-like spherical solitons
are presented by
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Figure 4: The magnetic flow graphics for the analytical solutions of the fractional (4.1) equations h ζ ϖ2, 1( )= = = (a) π σ t,11( ), (b) χ σ t,21( ).
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5 Results and discussion

The magnetic flow graphics of the performed solutions are
demonstrated in the illustrates by applying Mathematica.
Also, we have obtained particle spherical tracing algo-
rithm by spherical images with magnetic flow graphics.
In Figures 4 and 5, we produce some numerical simula-
tions of ( )π σ t,11 and ( )π σ t,15 in 3D plots when ≤ ≤σ0 5
and ≤ ≤t0 5. We displayed some of the solutions recov-
ered for the presented fractional (4.1) equations by
conformable derivative operator. Besides we showed
3D graphics for some of the solutions in Figures 4 and 5.
Figures 4 and 5 were drawn for =A 2.7, =χ 1.21 , =η 0.3,

= =Δ Ω 1.

6 Conclusion

Spherical geometric models that illustrate a relativistic
spherical magnetic particle can be organized by using
geometrical potential associated with embedding of
spherical particle worldline in de Sitter space�1

2 as frame-
work density for action. In this investigation, we consider
theory of magnetic spherical antiferromagnetic spin of
spherical magnetic flows of ϒ-magnetic particle with
spherical Sitter frame in �1

2. Thus, extended direct alge-
braic method is defined to find soliton solutions of frac-
tional (4.1) equation in �1

2. There are extreme many

partial differential equations proceeding in mathematical
physics and engineering modeling applications [46–48].

On the other hand, it can be expressed that the sug-
gested approach is applicable to investigate various illus-
trations based on engineering and science [49–54].

The discussion of spherical electromagnetic forces
and optical antiferromagnetic density is immensely
straightforward and many remarkable investigations,
review papers, and dissertations have been dedicated
to these fields for a long time.

In our future papers under this study, we propose to
present spherical inextensible flows of timelike particles
in Minkowski spacetime. Also, we will further examine
solitonic management of spherical magnetic vortex lines
and management of electric vortex lines and their fea-
tures of motions.
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