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Abstract 
This paper is the continuation of our previous study on the propagation of 
temporary simultons in dipole-active crystals in the case of Coherent Anti-
Stokes Raman Scattering (CARS), in which the possibility of the formation of 
simultons at all frequencies of interacting waves is considered. The present 
research considered the energy carried by the waves (the Manley-Rowe rela-
tion) and its relationship with the simultons’ velocity. The cause of such study 
is twofold: some crystals (for instance a cubic crystal) owing to deformation 
of the dielectric constant by the pumping field become anisotropic and as such 
proper polarization appear; since the soliton’s velocity depends on initial con-
ditions and initial conditions here are the stimulated Raman scattering, it is 
important to find the relationship between the one of the most significant fac-
tors of that scattering which is the Raman gain factor and soliton’s velocity.  
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1. Introduction 

Recent years have shown the growth of interest in the theory of optical solitons 
and their practical applications, such as optical fiber communication, fiber lasers, 
optoelectronic devices, etc. [1]-[4]. Significant progress was also made in both ar-
eas of optical fibers [5]-[11] and optical lasers [12]-[15]. For instance, [15] pre-
sented a detailed review of studies on optical solitons in fiber lasers. This study 
includes the results in the developing of fiber lasers that are considered to be the 
proper nonlinear systems for the experimental study of the evolution of the tem-
poral solitons, since during the last decade, several kinds of the theoretically pre-
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dicted solitons were observed experimentally such as bright solitons, dark soli-
tons, vector solitons, dissipative solitons, dispersion-managed solitons, polariza-
tion domain wall solitons, and so on.  

The last decade is also characterized by the study of such important character-
istics of solitons as their polarization [16]-[31]. For example, in [26], the research 
on the polarization dynamics of ultrafast solitons in mode-locked fiber lasers is 
presented. It was found that when a stable soliton was generated, its state of po-
larization shifted toward a stable state, and when the soliton was generated with 
excess power levels, it experienced relaxation oscillations in its intensity and tim-
ing. On the other hand, when a soliton is generated in an unstable state of polari-
zation, it either decays in intensity until it disappears or its temporal width de-
creases until it explodes into several solitons, and then it disappears. In that paper, 
it was also found that when two solitons were simultaneously generated close to 
each other, they attract each other until they collide and merge into a single soli-
ton. When these two solitons were generated with different states of polarization, 
they shifted their state of polarization closer to each other until the polarization 
coincides when they collide. The findings were supported by numerical calcula-
tions of a non-Lagrangian approach by simulating the Ginzburg-Landau equation 
governing the dynamics of solitons in a laser cavity. Their model also predicts the 
relaxation oscillations of stable solitons and the two types of unstable solitons ob-
served in the experimental measurements. In [27], it was pointed out that optical 
switching had important applications in optical information processing, optical 
computing, and optical communications. The long-term pursuit of optical 
switches aimed to achieve a short switching time and a large modulation depth. It 
was concluded that among various mechanisms, all-optical switching based on the 
Kerr effect represented a promising solution. However, it is usually difficult to 
compromise both the switching time and modulation depth of a Kerr-type optical 
switch. As a compromise between the switching time and modulation depth, sym-
metry-selective polarization switching via Second-Harmonic Generation (SHG) 
in nonlinear crystals was considered to be a solution. That is why, in this paper, 
SHG-based all-optical ultrafast polarization switching by using geometric phase-
controlled nonlinear plasmonic meta-surfaces was demonstrated. A switching time 
of hundreds of femtoseconds and a modulation depth of 97% were experimentally 
demonstrated. The function of dual-channel all-optical switching was also demon-
strated on a meta-surface, which consisted of spatially variant meta-atoms. Some 
applications of polarization techniques in biological and clinical research were con-
sidered in [28]. In this review, the summarizing methodologies and applications 
related to tissue polarimetry were considered, with an emphasis on the adoption 
of the Stokes–Mueller formalism. Several recent breakthroughs, development trends, 
and potential multimodal uses in conjunction with other techniques were also 
presented.  

A thorough theoretical research on polarization-related problems was provided 
in [29]-[31]. The study presented in [29] explores the dynamics of highly disper-
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sive optical solitons in Nonlinear Schrödinger Equations (NLSE) with non-local 
Self-Phase Modulation (SPM) and Polarization-Mode Dispersion (PMD) since 
these nonlinear effects significantly influence soliton propagation and stability in 
advanced optical communication systems. Employing the Improved Modified Ex-
tended Tanh-Function Method (IMETFM), the exact soliton solutions were de-
rived, including bright, dark, singular, and combo solitons. [30] implements the 
improved version of the modified extended tanh—function approach to retrieve 
a few new exact soliton solutions of the model with differential group delay. The 
self-modulation structure was from the Kerr law of nonlinearity. The material 
presented in [31] investigated the numerical computation of cubic-quartic optical 
solitons in birefringent fibers by Kerr’s law. Utilizing the Improved Adomian De-
composition Method (IADM), the study improved the solution of complex-valued 
nonlinear evolution equations. This method decomposed both linear and nonlinear 
differential equations into simpler sub-problems, enabling the extraction of ap-
proximate analytical solutions without the need for linearization or perturbation 
techniques.  

Another promising area of study on solitons is their formation and propagation 
in crystals where the nonlinear interaction is provided by the Raman effect [32]-
[34]. The effects of the polarization on the evolution of Raman simultons were 
considered [35] [36]. In [37], we considered the group of questions related to the 
energy of simultons resulting from the boundary conditions in case CARS in di-
pole-active anisotropic crystals, which were consistent with the experimental re-
sults. In the present paper, we theoretically consider a more general case: the pos-
sibility of the formation of polarization simultons (simultaneously propagating pulses 
not only at frequencies of the laser, anti-Stokes, Stokes, and polariton waves) but 
also being polarized in x- and y-directions perpendicular to each other.  

2. Basic Principles and Equations 

In this paper, we consider the nonlinear coherent nonstationary interaction of four 
electromagnetic waves: anti-Stokes, Stokes, laser pump, and polariton. The pump 
wave is a linearly polarized plane wave, whereas anti-Stokes and Stokes have two 
mutually perpendicular components (the nonlinear medium is assumed to be non-
magnetic and transparent at frequencies of anti-Stokes, Stokes, and laser waves). 
It is also assumed that the nonlinear interaction takes place in a nonlinear medium 
in the form of a layer bounded by infinite planes located at z = 0 and z = L. The 
pump wave  

 ( ) ( ) ( )ˆ, , exp . .z
l l l l lt A z t i k z t c cω = − + 


E r e  (1) 

propagates along the z-axis. The subscripts a, l, s, and p henceforth denote the 
anti-Stokes, laser, Stokes, and polariton waves at the frequencies , , ,a l s pω . We use 
the expressions for the anti-Stokes, Stokes, and polariton fields in the form  

 ( ) ( ) ( ) ( ) ( )( )
1,2

ˆ, , exp . .a a a a at A z t i t c cµ µ µ

µ
ω

=

 = − + ∑


 E r e k r⋅  (2) 
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 ( ) ( ) ( ) ( ) ( )( )
1,2

ˆ, , exp . .s s s s st A z t i t c cµ µ µ

µ
ω

=

 = − + ∑


 E r e k r⋅  (3) 

 ( ) ( ) ( ) ( ) ( )( )
1,2,3

ˆ, , exp . .p p p pt A z t i t c cσ σ µ

σ
ω

=

 = − + ∑
 

 E r e W r⋅  (4) 

where ( ) ( )
, , , , , ,a s p a s p a s pk q nµ µ= ; l l lk q n= ; ( )

, , ,a s p ln nµ  ( )
, , ,a s p lk kµ  are the refractive indices 

and the magnitude of wave vectors in the unpumped medium; ( )
, ,ˆ ˆ,l a s p
µe e  are the 

real unit vectors of corresponding electromagnetic fields. 
Since we consider the non-resonant frequencies, the longitudinal components 

of the anti-Stokes and Stokes waves can be neglected, but this cannot be done for 
the polariton wave in the vicinity of the phonon resonance. As it was shown in 
[38], with a further advance towards this region, the amplitudes of all three polar-
iton waves ( )

pA σ  become comparable at first, then ( )3
pA  (longitudinal compo-

nent becomes dominant (of course, if such excitation is allowed by the selection 
rules). The phase of the polariton wave is determined by the vector ( )µW



 (not by 
( )
p
µk


) ( ) ( )
p p pk qµ µε= , ( ) ( ) ( )

p p piµ µ µε ε ε′ ′′= +  which is the dielectric constant at the 
polariton frequency pω . 

The nonlinear interaction of the electromagnetic waves ,l sω  with further gen-
eration of anti-Stokes and polariton waves is described by the nonlinear parts of 
the corresponding polarizations ( 1,2µ = ): 

( ) ( ) ( ) ( ) ( ) ( )2
2 2e

zi k z
a a l p a l a a s s aP A A A A A A Aµ σ µ µ µ µµσ µµ µµ µχ γ γ′ ′ ′′′ ′ ′′− ∆= + + , 

 ( ) ( ) ( ) ( )*
1 2 e

zi k z
l l s p l a pP A A A Aµ σ µ σµσ µσχ χ ∆= + , (5) 

( ) ( ) ( ) ( ) ( ) ( )2*
1 2s s l p s l s s a a sP A A A A A A Aµ σ µ µ µ µµσ µµ µµ µχ γ γ′ ′ ′′′ ′ ′′= + + , 

( ) ( ) ( ) ( ), **
1 2 exp z

p p l s p l aP A A A A i k zσ µ µ µµσ µσχ χ= + − ∆  ( 1,2σ = ) 

( )( ) ( ) ( ) ( )3 *3 * 3
1 2 exp z

p p l s p l aP A A A A i k zµ µ µµ µχ χ= + − ∆ , 

where 3 3
1 2 1 2 1 2 2 2 1 2, , , , , , , , , , ,a l l s p p p p a a s s

µσ µσ µσ µσ µσ µσ µ µ µµ µµ µ µµ µµ µχ χ χ χ χ χ χ χ γ γ γ γ′ ′ ′′ ′ ′ ′′  are the corre-
sponding tensor contractions of the non-resonance quadratic and cubic nonlinear 
polarizabilities with unit vectors of interacting waves, z z z z

l ak k W k∆ ≡ + − . 
The system of shortened equations for the amplitudes , , ,a l s pA  is obtained from 

Maxwell’s equations by using the standard method of getting shortened equations 
by applying the approximation of slowly varying amplitudes [39] ( 1,2µ = , 

1,2,3σ = ) 

 

( )

( )

( )

( )
( ){

( ) ( ) ( ) ( )}

*
( )

2 *
2 2

21 e
cos

,

zi k za a a
a l pz z

a a a

a l a a s s a

A A i A A
z tv cn

A A A A A

µ µ
σµσ

µ µ µ

µ µ µ µµµ µµ µ

ω χ
θ

γ γ

− ∆

′ ′ ′′′ ′ ′′

∂ ∂ π
+ =

∂ ∂

+ +

 (6) 

 ( ) ( ) ( ) ( ){ }*
1 2

21 e
cos

zi k zl l l
l s p l a pz z

l l l

A A i A A A A
z tv cn

µ σ µ σµσ µσω χ χ
θ

∆∂ ∂
+ =

∂
π

+
∂

, (7) 

 

( )

( )

( )

( )
( ){ ( )

( ) ( ) ( )}

2*
1

*
2

21
cos

, 1,2

s s s
s l p s l sz z

s s s

s a a s

A A i A A A A
z tv cn

A A A

µ µ
σ µµσ µµ

µ µ

µ µ µµµ µ

ω χ γ
θ

γ σ

′′

′′ ′′′ ′′

∂ ∂ π
+ = +

∂ ∂

+ =

 (8) 
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( )
( )

( ) ( ) ( )

( ) ( )

( ) ( ){ }

3
2 2

2

*2 *
1 2

2
2

4 e
z

p p p p pzz
p p p

i k z
p p l s p l a

A A A
iW iWe i W k A

z z tc

q A A A A

σ σ σ
σ σ

µ µµσ µσ

ω ε

χ χ

∗ ∗ ∗ ∗
∗∗

− ∆

∂ ∂ ∂
− + + −

∂ ∂ ∂

= π +
 (9) 

 

( )
( )

( )
( ) ( )

( )( )
( ) ( )

( ) ( ) ( ){ }

1 2 3 *
1 2 3

3 3
3 * *2* 2 3 * 3

1 22

d
d

2
4 e

z

p p pz z zz
p p p

p p p i k z
p p p p l s p l a

A A A
iW e e i W We

z z z

A
i k A q A A A A

tc
µ µµ µω ε

χ χ

∗ ∗

∗ ∗
− ∆

 ∂ ∂
 − + + −
 ∂ ∂ 

∂
+ − = π +

∂

 (10) 

Provided the strong polariton absorption we have [38]  

 ( )( )
( )

( )( )
( )1 1 2 2*

2
p p p

p p p

A A
W A A W k

z tc

σ σ
σ σω− −∂ ∂

≈ −
∂ ∂

 , (11) 

We can neglect (9) and (10) with the derivatives, so that we can directly obtain 
the expressions for ( )

pA σ  ( )1, 2σ =  and ( )3
pA : 

 ( ) ( ) ( ){ } ( )* **
1 22 *

4 e , 1,2 ,
zi k z

p p l s p l a
p

A A A A A
s

σ µ µµσ µσχ χ σ
ε

− ∆= + =
π
−

 (12) 

and 

 ( ) ( ) ( ){ }3 * *3 * 3
1 2*

4 e ,
zi k z

p p l s p l a
p

A A A A Aµ µµ µχ χ
ε

− ∆+
π

= −  (13) 

where 
p

Ws
q

= . 

The substitution of the obtained expressions (12) and (13) for the amplitudes 
of polariton waves in (6)-(10) results in a new system of differential equations for 

, ,a l sA  as follows: 

 

( )

( )

( )

( ) ( )
( ){

( ) ( ) ( ) ( )}

*2
1

2 *
2 2

21 e
cos

zi k za a a
a l sz z

a a a

a l a a s s a

A A i A A
z tv cn

A A A A A

µ µ
µµµ σ

µ µ µ

µ µ µ µµµ σ µµ µ

ω γ
θ

γ γ

′′ − ∆

′ ′ ′′′ ′ ′′

∂ ∂
+ =

∂ ∂

+ +

π

 (14) 

 

( ) ( ){ ( ) ( )

( ) ( ) ( ) ( ) }

* *
11 12

**
21 22

21 e
cos

e

z

z

i k zl l l
l l s s l l s az z

l l l

i k z
l l s a l l a a

A A i A A A A A A
z tv cn

A A A A A A

µ µ µ µµµ σ µµ σ

µ µ µ µµµ σ µµ σ

ω γ γ
θ

γ γ

′ ′′ ′ ∆

′ ′′ ′∆

∂ ∂
+ = +

∂
π

∂

+ +
 (15) 

 

( )

( )

( )

( )
( ){

( ) ( ) ( ) ( )}

2
1

* *2
2 2

21
cos

e
z

s s s
s l sz z

s s s

i k z
s l a s a a s

A A i A A
z tv cn

A A A A A

µ µ
µµµ σ

µ µ

µ µ µ µµµ σ µµ µ

ω γ
θ

γ γ

′′

′ ′ ′′ ′′′′ ′ ′′− ∆

∂ ∂
+ =

∂ ∂

+ +

π

 (16) 

where  
3 3 3 3

1 1 1 2
1 2 22 24 , 4 ,a p a p a p a p

a a a
p pp ps s

µσ µ σ µ µ µσ µ σ µ µ
µµ σ µµ σ µµχ χ χ χ χ χ χ χ

γ γ γ
ε εε ε

′ ′ ′ ′
′ ′ ′   
≡ − ≡ − +      − 

π


π
− 

 

3 3
1 1 2 2

11 1 12 12 24 , 4 ,p p p p
l l l l

p pp ps s

µ σ µ µ σ µ
µµ σ µσ µµ σ µσχ χ χ χ

γ χ γ χ
ε εε ε

′ ′ ′ ′
′ ′   
≡ − ≡ −      − −   

π π  
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3 3
1 1 2 2

21 2 22 22 * * 2 * *4 , 4 ,p p p p
l l l l

p p p ps s

µ σ µ µ σ µ
µµ σ µσ µµ σ µσχ χ χ χ

γ χ γ χ
ε ε ε ε

′ ′ ′ ′
′ ′   
≡ − ≡ −      − 

π π
−  

 

3 3
1 1 2 2

1 1 22 * * 2 * *4 , 4 .p p p p
s s s s s

p p p ps s

µ σ µ µ σ µ
µµ σ µµ µσ µµ σ µσχ χ χ χ

γ γ χ γ χ
ε ε ε ε

′ ′ ′ ′
′ ′ ′   
≡ + − ≡ −      − −   

π π  

The system (14)-(16) can also be simplified if we introduce new variables as 

 ( ) ( ) ( ) ( )2 2e , e
z zi k z i k z

a a s sA A A Aµ µ µ µ∆ ∆′ ′≡ ≡  (17) 

Assuming the “week” wave mismatch between waves at Stokes and anti-Stokes 
frequencies, that is  

 
( )

( )

( )
( ), ,
,

,

1 ,
2

z
a s a s

a sz
a s

A A k A
z t

µ µ
µ

µν

′ ′∂ ∂ ∆ ′+
∂ ∂

  (18) 

and after bringing all variables to the unitless form, the system of nonstationary 
equations simulating CARS can be rewritten as follows:  

 

( )

( )

( )
( ){ ( )

( ) ( ) ( )}

2*2
1 2

*
2

1a a
a l s a l az

a

a s s a

A A i C A A C A A
z tv

C A A A

µ µ
µ µµµ µµ

µ

µ µ µµµ µ

′ ′′ ′

′ ′′′ ′′

′ ′∂ ∂ ′ ′+ = +
∂ ∂

′ ′ ′+

 

   







  

 (19) 

 
( ) ( ){ ( ) ( )

( ) ( ) ( ) ( ) }

* *
11 12

**
21 22

1l l
l l s s l l s az

l

l l s a l l a a

A A i C A A A C A A A
z tv

C A A A C A A A

µ µ µ µµµ µµ

µ µ µ µµµ µµ

′ ′′ ′

′ ′′ ′

∂ ∂ ′ ′ ′ ′+ = +
∂ ∂

′ ′ ′ ′+ +

 

     





     

 (20) 

 

( )

( )

( )
( ) ( ){

( ) ( ) ( )}

2 *2
1 2

*
2

1s s
s l s s l az

s

s a a s

A A i C A A C A A
z tv

C A A A

µ µ
µ µµµ µµ

µ

µ µ µµµ µ

′ ′′ ′

′ ′′′ ′′

′ ′∂ ∂ ′ ′+ = +
∂ ∂

′ ′ ′+

 

   







  

 (21) 

where ( ) ( )
, , 0 0 0, ,a s a s l lA A A A A A t tµ µ τ′ ′≡ ≡ ≡ 

  ( 0A  and 0τ  are the peak ampli-
tude and characteristic pulse duration of the pump, 0 0z cτ= , c  is the speed of 
light in vacuum, 

( ) ( )
20

1 1 0
2

cos
a

a az
a a

zC A
cn

µµ µµ σ
µ µ

ω γ
θ

′ ′≡
π

; ( ) ( )
20

2 2 0
2

cos
a

a az
a a

zC A
cn

µµ µµ σ
µ µ

ω γ
θ

′ ′≡
π

; 

( ) ( )
20

2 2 0
2

cos
a

a az
a a

zC A
cn

µµ µ µµ µ
µ µ

ω γ
θ

′ ′′ ′ ′′≡
π

; 20
11 11 0

2
cos

l
l lz

l l

zC A
cn

µµ µµ σω γ
θ

′ ′≡
π ; 

 20
12 12 0

2
cos

l
l lz

l l

zC A
cn

µµ µµ σω γ
θ

′ ′≡
π ; 20

21 21 0
2

cos
l

l lz
l l

zC A
cn

µµ µµ σω γ
θ

′ ′≡
π ; (22) 

20
22 22 0

2
cos

l
l lz

l l

zC A
cn

µµ µµ σω γ
θ

′ ′≡
π ; ( )

20
1 1 0

2
cos

s
s sz

s s

zC A
cn

µµ µµ σ
µ

ω γ
θ

′ ′π
≡ ; 

( )
20

2 2 0
2

cos
s

s sz
s s

zC A
cn

µµ µµ σ
µ

ω γ
θ

′ ′π
≡ ; ( )

20
2 2 0

2
cos

s
s sz

s s

zC A
cn

µµ µ µµ µ
µ

ω γ
θ

′ ′′ ′ ′′≡
π

; 
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3. The Manley-Rowe Relation for Simultaneously  
Propagating Waves at Frequencies a l s, ,ω  

We multiply each of the Equations (19)-(21) by the corresponding c.c. amplitude 
and add with its c.c. counterpart: 

 
( )

( )

( )

( )
( ) ( ){ ( )

( ) ( ) ( )}

2* * *2
1 2

*
2

1a a
a a a l s a l az

a

a s s a

A AA iA C A A C A A
z tv

C A A A

µ µ
µ µ µ µµµ µµ

µ

µ µ µµµ µ

′ ′ ′ ′′ ′

′ ′′′ ′′
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When we add those equations together, the right part yields 0, which means 
that our equations adequately describe the processes under consideration:  
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We were also assuming that: 
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If we introduce the energy per area delivered by any wave as  

 ( ) ( ) 2 2

, , d , da s a s l lW A t W A tµ µ
∞ ∞

−∞ −∞

′≡ ≡∫ ∫ 

  . (31) 

Then it can be easily shown (after integration over time of (29)) that 

 ( ) ( )( )d 0 ,
d a l sW W W
z

µ µ+ + =


 (32) 

which means that the electromagnetic energy of solitary traveling pulses is con-
served when traveling in a nonlinear medium.  

4. Polarization Simultons Speed in the Case of CARS by  
Polaritons 

To do that, we will analyze the system of nonlinear equations found in [36] 
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
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
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µ µΦ ≡ Φ −Φ −Φ . ( )zt z µξ ν≡ −
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
 ; ( )z µν  is the veloc-

ity of simultons at the frequencies , ,a l sω ; ( )
,,l a sB B µ  and ( )

,,l a s
µΦ Φ  are the real  

amplitudes and phases of the interacting waves, respectively. Q  is the simultons 
intensity, α  and β  are the combinations of cubic nonlinear polarizabilities in 
the unitless form needed to form CARS.  

The system (33)-(34) can be rewritten as, 
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 2d sin ,
d
Q Q
x
= Φ  (36) 

 ( )d 2cos ,
d

Q
x

βΦ
= + Φ  (37) 

where ,x αξ β β α= ≡  . We can reduce the number of equations by using the 
integral of motion 
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 (38) 

where 0Q > , 2β >  ( β β α≡ ). 
It is easy to show (by using the system of equations with the integral of motion) 

that 
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−
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On the other hand, we can introduce the ratio of the energy (per unit area) to 
the energy (per unit area) for the laser pump as  
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and the energy conservation relationship as  

 ( ) ( )
0a l sW W W Wµ µ+ + =    , (41) 

where 0W  is the total energy per unit area of all interacting electromagnetic 
waves at the input to the nonlinear media. 

Consequently, when we consider the left part of (41), we can get 
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Finally, when we equate (39) and (42), we get the relationship between the 
boundary conditions and the simultons’ speed. 
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The last equation, in the case of weak dispersion, can be reduced to (see [37])  

 ( ) ( ) 0
1 1
z z

em

gW
v vµ µ≈ + 

 

 (44) 

where ( ) ( ) ( )z z zz
em l a sv v v vµ µ µ= ≈ ≈     g is the gain factor of Raman scattering  

( )2 2 2
0 08g z A cnω χπ≈  ([36]). (Figure 1) 
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(a) 

 
(b) 

Figure 1. (a) Simultons traveling in the z-direction and being polarized in the x-direction, 
(b) Simultons traveling in the z-direction and being polarized in the y-direction. 

5. Conclusion 

In this research paper, we theoretically investigated energy relationships in the 
case of polarization simultons in CARS. It was proven that the derived system of 
differential equations, which simulates CARS of pulses propagating with different 
polarizations, obeys the Manley-Rowe relation. The relationship between simul-
tons’ velocity, energy, and the gain factor of Raman scattering was also found. This 
can be used in optoelectronics to create polarization filters and optical switches. 
The results presented in this paper might be used in spectroscopy to study the 
characteristics of anisotropic structures with the stable ultrashort pulses of a cer-
tain polarization. Also, they may be used in such optoelectronic devices as polar-
ization filters when the electromagnetic waves of certain polarization become sup-
pressed due to the nonlinear properties of the medium. Lastly, some applications 
can be foreseen when developing delay (compensatory) lines in communications. 

https://doi.org/10.4236/jamp.2025.139180


V. Feshchenko, G. Feshchenko 
 

 

DOI: 10.4236/jamp.2025.139180 3183 Journal of Applied Mathematics and Physics 
 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Ullah, M.S., Roshid, H.O., Ali, M.Z. and Rahman, Z. (2019) Novel Exact Solitary 

Wave Solutions for the Time Fractional Generalized Hirota-Satsuma Coupled KdV 
Model through the Generalized Kudryshov Method. Contemporary Mathematics, 1, 
25-33. https://doi.org/10.37256/cm.11201936.25-33 

[2] Ullah, M.S., Roshid, H., Ali, M.Z. and Rahman, Z. (2020) Dynamical Structures of 
Multi-Soliton Solutions to the Bogoyavlenskii’s Breaking Soliton Equations. The Eu-
ropean Physical Journal Plus, 135, Article No. 282.  
https://doi.org/10.1140/epjp/s13360-020-00289-9 

[3] Sukhorukov, A.A., Neshev, D.N., Dreischuh, A., Krolikowski, W., Bolger, J., Eggle-
ton, B.J., et al. (2008) Observation of Polychromatic Gap Solitons. Optics Express, 16, 
5991-5996. https://doi.org/10.1364/oe.16.005991 

[4] Hasegawa, A. (2022) Optical Soliton: Review of Its Discovery and Applications in 
Ultra-High-Speed Communications. Frontiers in Physics, 10, Article ID: 1044845.  
https://doi.org/10.3389/fphy.2022.1044845 

[5] Triki, H., Biswas, A., Moshokoa, S.P. and Belic, M. (2017) Optical Solitons and Con-
servation Laws with Quadratic-Cubic Nonlinearity. Optik, 128, 63-70.  
https://doi.org/10.1016/j.ijleo.2016.10.010 

[6] Li, B.-Q. and Ma, Y.L. (2017) Periodic Solutions and Solitons to Two Complex Short 
Pulse (CSP) Equations in Optical Fiber. Optik, 144, 149-155.  
https://doi.org/10.1016/j.ijleo.2017.06.114 

[7] Arshad, M., Seadawy, A.R. and Lu, D. (2017) Exact Bright-Dark Solitary Wave Solu-
tions of the Higher-Order Cubic-Quintic Nonlinear Schrödinger Equation and Its 
Stability. Optik, 138, 40-49. https://doi.org/10.1016/j.ijleo.2017.03.005 

[8] Kibler, B., Fatome, J., Finot, C., Millot, G., Dias, F., Genty, G., et al. (2010) The Pere-
grine Soliton in Nonlinear Fibre Optics. Nature Physics, 6, 790-795.  
https://doi.org/10.1038/nphys1740 

[9] Li, B.-Q. and Ma, Y.-L. (2019) Periodic and N-Kink-Like Optical Solitons for a Gen-
eralized Schrödinger Equation with Variable Coefficients in an Inhomogeneous Fiber 
System. Optik, 179, 854-860. https://doi.org/10.1016/j.ijleo.2018.11.008 

[10] Yang, J.-W., Gao, Y.-T., Su, C.-Q., Zuo, D.-W. and Feng, Y.-J. (2017) Solitons and 
Quasi-Periodic Behaviors in an Inhomogeneous Optical Fiber. Communications in 
Nonlinear Science and Numerical Simulation, 42, 477-490.  
https://doi.org/10.1016/j.cnsns.2016.05.013 

[11] Hoque, M.-F. and Roshid, H.-O. (2020) Optical Soliton Solutions of the Biswas-
Arshed Model by the Expansion Method. Physica Scripta, 95, Article ID: 075219.  
https://doi.org/10.1088/1402-4896/ab97ce 

[12] Zhang, H., Tang, D.Y., Zhao, L.M. and Wu, X. (2009) Observation of Polarization 
Domain Wall Solitons in Weakly Birefringent Cavity Fiber Lasers. Physical Review 
B, 80, Article ID: 052302. https://doi.org/10.1103/physrevb.80.052302 

[13] Han, D.D., Liu, X.M., Cui, Y.D., Wang, G.X., Zeng, C. and Yun, L. (2014) Simultane-
ous Picosecond and Femtosecond Solitons Delivered from a Nanotube-Mode-Locked 
All-Fiber Laser. Optics Letters, 39, 1565-1568. https://doi.org/10.1364/ol.39.001565 

[14] Wei, Y., Li, B., Wei, X., Yu, Y. and Wong, K.K.Y. (2018) Ultrafast Spectral Dynamics 

https://doi.org/10.4236/jamp.2025.139180
https://doi.org/10.37256/cm.11201936.25-33
https://doi.org/10.1140/epjp/s13360-020-00289-9
https://doi.org/10.1364/oe.16.005991
https://doi.org/10.3389/fphy.2022.1044845
https://doi.org/10.1016/j.ijleo.2016.10.010
https://doi.org/10.1016/j.ijleo.2017.06.114
https://doi.org/10.1016/j.ijleo.2017.03.005
https://doi.org/10.1038/nphys1740
https://doi.org/10.1016/j.ijleo.2018.11.008
https://doi.org/10.1016/j.cnsns.2016.05.013
https://doi.org/10.1088/1402-4896/ab97ce
https://doi.org/10.1103/physrevb.80.052302
https://doi.org/10.1364/ol.39.001565


V. Feshchenko, G. Feshchenko 
 

 

DOI: 10.4236/jamp.2025.139180 3184 Journal of Applied Mathematics and Physics 
 

of Dual-Color-Soliton Intracavity Collision in a Mode-Locked Fiber Laser. Applied 
Physics Letters, 112, Article ID: 081104. https://doi.org/10.1063/1.5020821 

[15] Song, Y.F., et al. (2019) Recent Progress of Study on Optical Solitons in Fiber Lasers. 
Applied Physics Reviews, 6, Article ID: 021313. https://doi.org./10.1063/1.5091811 

[16] Rodriguez, P., Jimenez, J., Guillet, T. and Ackemann, T. (2017) Polarization Proper-
ties of Laser Solitons. Applied Sciences, 7, Article No. 442.  
https://doi.org/10.3390/app7050442 

[17] Fu, Y., Zhang, W.L. and Wu, X.M. (2015) Polarization-Dependent Solitons in the 
Strong Coupling Regime of Semiconductor Microcavities. Chaos, Solitons & Fractals, 
81, 345-350. https://doi.org/10.1016/j.chaos.2015.10.015 

[18] Rosas, A.F., Hernández, O.D., Arceo, R., Santos, G.J.E., Vazquez, S.M., Álvarez, E.R., 
et al. (2019) Polarization Properties of the Solitons Generated in the Process of Pulse 
Breakup in Twisted Fiber Pumped by Ns Pulses. In: Nonlinear Optics—Novel Results 
in Theory and Applications, IntechOpen, 1-16.  
https://doi.org/10.5772/intechopen.81574 

[19] Luan, F., Yulin, A., Knight, J.C. and Skryabin, D.V. (2006) Polarization Instability of 
Solitons in Photonic Crystal Fibers. Optics Express, 14, 6550-6556.  
https://doi.org/10.1364/oe.14.006550 

[20] Li, B.-Q., Sun, J.-Z. and Ma, Y.-L. (2018) Soliton Excitation for a Coherently Coupled 
Nonlinear Schrödinger System in Optical Fibers with Two Orthogonally Polarized 
Components. Optik, 175, 275-283. https://doi.org/10.1016/j.ijleo.2018.08.108 

[21] Eslami, M., Hosseini, K., Matinfar, M., Mirzazadeh, M., Ilie, M. and Gómez-Aguilar, 
J.F. (2021) A Nonlinear Schrödinger Equation Describing the Polarization Mode and 
Its Chirped Optical Solitons. Optical and Quantum Electronics, 53, Article No. 314.  
https://doi.org/10.1007/s11082-021-02917-9 

[22] Ferreira, M.F.S. (2008) Soliton Transmission in Fibers with Polarization-Mode Dis-
persion. Fiber and Integrated Optics, 27, 113-126.  
https://doi.org/10.1080/01468030802040063 

[23] Chen, W., Xu, W., Luo, A., Cui, H., Liang, Z., Chen, L., et al. (2006) Enhanced Polar-
ization Soliton’s Robustness to Polarization Mode Dispersion in Fiber Systems with 
Frequency-Dependent Loss. Modern Physics Letters B, 20, 1023-1031.  
https://doi.org/10.1142/s0217984906011098 

[24] Bracamontes-Rodríguez, Y.E., Armas Rivera, I., Beltrán-Pérez, G., Pottiez, O., Ibarra-
Escamilla, B., Durán-Sánchez, M., et al. (2015) Polarization of Vector Solitons Gen-
erated in Break-Up Process in Twisted Fiber. Optics Communications, 349, 203-208.  
https://doi.org/10.1016/j.optcom.2015.03.030 

[25] Zhao, L.M., Tang, D.Y., Wu, X., Zhang, H. and Tam, H.Y. (2009) Coexistence of Po-
larization-Locked and Polarization-Rotating Vector Solitons in a Fiber Laser with 
SESAM. Optics Letters, 34, 3059-3061. https://doi.org/10.1364/ol.34.003059 

[26] Klein, A., Meir, S., Duadi, H., Govindarajan, A. and Fridman, M. (2021) Polarization 
Dynamics of Ultrafast Solitons. Optics Express, 29, 18512-18522.  
https://doi.org/10.1364/oe.426122 

[27] Wang, H., Hu, Z., Deng, J., Zhang, X., Chen, J., Li, K., et al. (2024) All-Optical Ultra-
fast Polarization Switching with Nonlinear Plasmonic Metasurfaces. Science Ad-
vances, 10, eadk3882. https://doi.org/10.1126/sciadv.adk3882 

[28] He, C., He, H., Chang, J., Chen, B., Ma, H. and Booth, M.J. (2021) Polarisation Optics 
for Biomedical and Clinical Applications: A Review. Light: Science & Applications, 
10, Article No. 194. https://doi.org/10.1038/s41377-021-00639-x 

https://doi.org/10.4236/jamp.2025.139180
https://doi.org/10.1063/1.5020821
https://doi.org./10.1063/1.5091811
https://doi.org/10.3390/app7050442
https://doi.org/10.1016/j.chaos.2015.10.015
https://doi.org/10.5772/intechopen.81574
https://doi.org/10.1364/oe.14.006550
https://doi.org/10.1016/j.ijleo.2018.08.108
https://doi.org/10.1007/s11082-021-02917-9
https://doi.org/10.1080/01468030802040063
https://doi.org/10.1142/s0217984906011098
https://doi.org/10.1016/j.optcom.2015.03.030
https://doi.org/10.1364/ol.34.003059
https://doi.org/10.1364/oe.426122
https://doi.org/10.1126/sciadv.adk3882
https://doi.org/10.1038/s41377-021-00639-x


V. Feshchenko, G. Feshchenko 
 

 

DOI: 10.4236/jamp.2025.139180 3185 Journal of Applied Mathematics and Physics 
 

[29] Hasan, W.M., Ahmed, H.M., Ahmed, A.M., Rezk, H.M. and Rabie, W.B. (2025) Ex-
ploring Highly Dispersive Optical Solitons and Modulation Instability in Nonlinear 
Schrödinger Equations with Nonlocal Self Phase Modulation and Polarization Dis-
persion. Scientific Reports, 15, Article No. 27070.  
https://doi.org/10.1038/s41598-025-09710-8 

[30] Jawad, A.J.M., Noaman, S.F., Arnous, A.H., Hussein, L. and Biswas, A. (2025) Strad-
dled Optical Solitons with Polarization Mode Dispersion via the Improved Extended 
Modified Tanh-Function Algorithm. Journal of Optics, 1-9.  
https://doi.org/10.1007/s12596-025-02543-8 

[31] Almalki, A.M., AlQarni, A.A., Bakodah, H.O., Alshaery, A.A., Arnous, A.H. and 
Biswas, A. (2025) Cubic-Quartic Optical Solitons with Polarization-Mode Dispersion 
by the Improved Adomian Decomposition Scheme. MethodsX, 14, Article ID: 103191.  
https://doi.org/10.1016/j.mex.2025.103191 

[32] Ivanov, A.L., Haug, H. and Vygovskii, G.S. (1996) Coupled Solitons in Resonant Ra-
man Interaction of Intense Polaritons. Physical Review B, 53, 13482-13496.  
https://doi.org/10.1103/physrevb.53.13482 

[33] Marchevskiĭ, F.N., Strizhevskiĭ, V.L. and Feshchenko, V.P. (1984) Soliton Generation 
in Stimulated Raman Scattering and Excitation of Polar Optical Phonons. Soviet 
Journal of Quantum Electronics, 14, 192-195.  
https://doi.org/10.1070/qe1984v014n02abeh004691 

[34] Feshchenko, V. and Feshchenko, G. (2020) Nonstationary CARS by Polaritons. Jour-
nal of Applied Mathematics and Physics, 8, 1949-1958.  
https://doi.org/10.4236/jamp.2020.89146 

[35] Feshchenko, V. and Feshchenko, G. (2021) Polarization Simultons in Stimulated Ra-
man Scattering by Polaritons. Journal of Applied Mathematics and Physics, 9, 2193-
2204. https://doi.org/10.4236/jamp.2021.99139 

[36] Feshchenko, V. and Feshchenko, G. (2023) Polarization Simultons in CARS by Po-
laritons. Journal of Applied Mathematics and Physics, 11, 582-597.  
https://doi.org/10.4236/jamp.2023.112036 

[37] Feshchenko, V.P. and Feshchenko, G.P. (2024) Simultons in Nonstationary CARS by 
Polaritons: Energy and Velocity. Journal of Applied Mathematics and Physics, 12, 
3567-3578. https://doi.org/10.4236/jamp.2024.1210212 

[38] Strizhevskii, V.L. (1972) Theory of Stimulated Raman Scattering by Polaritons in Cu-
bic and Uniaxial Crystals. Zhurnal Eksperimental’noi i Teoreticheskoi Fiziki, 35, 760-
766. 

[39] Akhmanov, S.A. and Khokhlov, R.V. (1964) Problems of Nonlinear Optics. 
 
 
 

 

Abbreviations 

SRS Stimulated Raman Scattering 

CARS Coherent Anti-Stokes Raman Scattering 
 
 

https://doi.org/10.4236/jamp.2025.139180
https://doi.org/10.1038/s41598-025-09710-8
https://doi.org/10.1007/s12596-025-02543-8
https://doi.org/10.1016/j.mex.2025.103191
https://doi.org/10.1103/physrevb.53.13482
https://doi.org/10.1070/qe1984v014n02abeh004691
https://doi.org/10.4236/jamp.2020.89146
https://doi.org/10.4236/jamp.2021.99139
https://doi.org/10.4236/jamp.2023.112036
https://doi.org/10.4236/jamp.2024.1210212

	Polarization Simultons in CARS by Polaritons: Energy and Velocity 
	Abstract
	Keywords
	1. Introduction
	2. Basic Principles and Equations
	3. The Manley-Rowe Relation for Simultaneously Propagating Waves at Frequencies 
	4. Polarization Simultons Speed in the Case of CARS by Polaritons
	5. Conclusion
	Conflicts of Interest
	References
	Abbreviations

