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A B S T R A C T

To establish the effects of the Higher-Order Dispersion (HOD) and Raman Scattering (RS) on Modulation
Instability (MI) in the presence of the Saturable Function (SF), it is used the Coupled Nonlinear Schrödinger
Equation (CNLSE) which describes pulses propagating in a higher optical beam in oppositely guided coupler.
It has been shown through the MI gain spectra the power of the SF in the presence of HOD and Raman effects
(RE). By utilizing the HOD with the saturable nonlinearity (SN), it is formed three sides lobes and some new
MI bands emerged. On the same way, it is observed that the RE have more potency in the presence of saturable
parameter (SP) in the normal and anomalous dispersion regime. It is important to mention that by varying
the SF, third-order dispersion (TOD) and Group Velocity Dispersion (GVD) in the absence of Raman parameter
(RP) it is obtained three sides lobes which is an supplementary results compare to Alves et al. (2020), Guérin
et al. (1995) and Mohamadou et al. (2010). These results could be important to stress the dynamics of the
MI in optical fibers such as optical amplification of poor signal, supercontinuum generation, data transmission
and signal processing system and very fast transmission signal and so on.
Introduction

The propagation of soliton in dispersive and nonlinear media is
an inescapable reality. Several works have been done to highlight
this spectacular phenomenon in various fields such as Bose–Einstein
condensates, optical fibers, dust-acoustic and dust-ion-acoustic waves,
liquid crystals and so on [1–10]. Numerous mechanisms have been
employed to characterize the formation of the soliton. The most rec-
ognized is MI which is a process related to the dizzying growth of
the amplitude of a tiny perturbed Continuous Waves (CW) during the
cohabitation between dispersion and nonlinearity. In Optical Fibers
(OF), the MI has been employed to point out the virtue of diverse
parameters such as Cross-Phase Modulation (XPM), time delayed, HOD
effects, Coupling Coefficients (CC), SN on the MI gain spectra and so
on [6,7,11–23]. In Ref. [24], it has been shown that the MI can take
place in normal and anomalous dispersion regime owing the XMP.
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Indeed, MI incited by the XPM has been broadly studied to depict
the virtue of the wavelength processing and optical driving. On the
same way, it has been also point out the realization of quantum non-
demolition steps and quantum logic gateways, with refinements made
in the situation of tiny proceedings.

More precisely, the MI procedure are most often managed by the
Generalized NLSE. In Ref. [25], it has been shown the impact of the
Saturable Nonlinear Responses (SNR) associated with the relaxation of
the nonlinear response (NR) the MI bands. Meantime, the Coupled SNR
has been involved to analyze the MI gain spectrum in the presence of
HOD. Moreover, the impact of the delayed and SNR have been shown in
anomalous and normal dispersion regime on the MI gain spectra. It has
been registered an additional unstable frequencies due to the presence
of the delayed Raman action to the NR of the field. In the absence of
phase matching between the linear and nonlinear effects, it has been
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exposed in normal dispersion regime, that it is not feasible to obtain
MI in the unique pump [26]. More recently, K. Nithyanandan and co-
workers have investigated the interaction between the saturation and
relaxation of the NR on the MI gain spectrum. They have set out the
virtue of diverse functional expressions of SNR. Furthermore, it has
been proved that the saturation could impede the MI with expansion
in SP [26].

However, comparative works have been done in literature to involve
the Exponential Saturable Nonlinear and the Couple Type Saturable
Nonlinearity on the MI gain spectrum [27]. For this fact, we purpose
to examine closely the clout of the HOD associated with the Sat-
urable Nonlinearity Function (SNF) on the MI gain spectrum to better
circumscribe the interaction between the nonlinear and dispersion
effects.

Model description and linear stability investigation

Model description

In literature, it is often used the pair of linear CNLSE to depict
the propagation of higher optical beam in oppositely guided coupler
by implying several type of SNF which depend on the refractive in-
dex [6,10,26,27]. The theoretical structure of the model is considered
as follows

𝑖
(

𝜎1
𝜕𝐴1
𝜕𝑧

+
𝛽0
2

𝜕𝐴1
𝜕𝑡

)

−
𝛽12
2

𝜕2𝐴1

𝜕𝑡2
− 𝑖

𝛽13
6

𝜕3𝐴1

𝜕𝑡3
+ 𝜅12𝐴2𝑒

−𝑖𝛿𝑧

+ 𝛾1

{

𝑓
(

𝛤 |𝐴1|
2)𝐴1 + 𝑖𝑠1

𝜕
(

𝑓
(

𝛤 |𝐴1|
2)𝐴1

)

𝜕𝑡

− 𝑇𝑅1𝐴1
𝜕
(

𝑓
(

𝛤 |𝐴1|
2)𝐴1

)

𝜕𝑡
𝑒

𝑖
2 (−𝛿+𝑞)𝑧

}

= 0, (1)

(

𝜎2
𝜕𝐴2
𝜕𝑧

+
𝛽0
2

𝜕𝐴2
𝜕𝑡

)

−
𝛽22
2

𝜕2𝐴2

𝜕𝑡2
− 𝑖

𝛽23
6

𝜕3𝐴2

𝜕𝑡3
+ 𝜅22𝐴1𝑒

𝑖𝛿𝑧

+ 𝛾2

{

𝑓
(

𝛤 |𝐴2|
2)𝐴2 + 𝑖𝑠2

𝜕
(

𝑓
(

𝛤 |𝐴2|
2)𝐴2

)

𝜕𝑡

− 𝑇𝑅2𝐴2
𝜕
(

𝑓
(

𝛤 |𝐴2|
2)𝐴2

)

𝜕𝑡
𝑒−

𝑖
2 (−𝛿+𝑞)𝑧

}

= 0, (2)

here 𝐴1 and 𝐴2 denote the complex normalized amplitudes. However,
𝜎1 and 𝜎2 stand for sign of the refractive index. In this work, we
estimate that the positive-index material is used by the first channel
(Eq. (1)) and the negative-index channel is involved by the second
channel (Eq. (2)). Thereafter, the following values are used 𝜎1 = 1 and
2 = −1. The absolute values of group velocities for channel one and
wo are given by 𝑣1𝑔 and 𝑣2𝑔 respectively. Throughout, 𝛽0 represents the
ncongruity between the propagation constants in the single channels,
hile 𝛾1 and 𝛾2 are on behalf of nonlinear coefficients, 𝑇𝑅1 and 𝑇𝑅2 are

for the effect of Raman-Induced Frequency (RIF) shift effects, which is
a direct consequence of the Intrapulse Raman Scattering (IRS). Besides,
𝛽12, 𝛽22 denote the GVD, 𝛽13, 𝛽23 are TOD and could help to facilitate
the propagation of ultrashort pulses in optical fibers, while 𝑠1 and 𝑠2
re Self-Steepening (SS) parameters. For more precision, we use the
NF (𝑓

(

𝛤 |𝐴1|
2) , 𝑓

(

𝛤 |𝐴2|
2)) which are dependent on the refractive

ndex as well as the intensity of the incident radiation.
They have the following expressions [27]
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where 𝛤 = 1 denotes the SP with 𝑃 life the saturation power.
2
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Linear stability investigation

Before tackling the MI, we conjecture the following equations as a
solution of Eqs. ((1) and (2))
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Thereafter, to more much seek the effect of the SN on MI, we employ
the linear stability investigation. The first step consists to add small
perturbations terms to a CW and thereafter survey if the latter augments
or disintegrate with propagation. Let’us now insert Eqs. ((4) and (5))
in Eqs. ((1) and (2)), we obtain

𝛿 = −
𝛤𝑎12𝛾1

𝜎1
(

𝛤𝑎12 + 1
) +

𝛤𝑎22𝛾2
(

𝛤𝑎22 + 1
)

𝜎2
−

𝜅12𝑎2
𝜎1𝑎1

+
𝜅22𝑎1
𝜎2𝑎2

, (6)

𝑞 = 1
2

𝛤𝑎12𝛾1
𝜎1

(

𝛤𝑎12 + 1
) + 1

2
𝛤𝑎22𝛾2

(

𝛤𝑎22 + 1
)

𝜎2
+ 1

2
𝜅12𝑎2
𝜎1𝑎1

+ 1
2
𝜅22𝑎1
𝜎2𝑎2

. (7)

Here, the total power is represented by 𝑃 = 𝑎21 + 𝑎22 and ℎ = 𝑎2∕𝑎1
denotes the behavior of the total power when it is divided between
forward and backward propagating waves, while 𝑅 = 𝑃∕(1 + ℎ2). Next,
taking into account the small disturbances, Eqs. ((4) and (5)) turn to
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and 𝛼𝑗 (𝑧, 𝑡) (𝑗 = 1, 2) counts for small disturbance with the constraint
relation 𝛼𝑗 (𝑧, 𝑡) ≪

√

𝑃𝑗 . To obtain the linear form, we introduce Eqs.
((8) and (9)) into Eqs. ((1) and (2)), we get
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We can estimate the solution of the above linear equations as follows

𝛼𝑗 (𝑧, 𝑡) = 𝑟𝑗𝑒
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and (𝑗 = 1, 2), where 𝐾 and 𝛺 are respectively the wave number and
frequency of disturbance. Employing Eq. (12) in Eqs. ((10) and (11)),
we get the following matrix of 4 × 4, where the elements are given in
??.
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or 𝛽12 = 𝛽22 = 𝛽2, 𝛽13 = 𝛽23 = 𝛽3, 𝜎1 = 1, 𝜎2 = −1, the disappearance
ondition of the determinant linked to the latter matrix is given as
ollows
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e notice that the roots of the fourth order polynomial in 𝐾 given by

q. (14) allow to determine the stability of CW. Furthermore, the MI
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Fig. 1. (Color online) MI gain spectra versus angular frequency effect in anomalous dispersion regime associated with RIF, GVD and TOD with the effect of power incident (𝑎1)
𝛽0 = 0.001, 𝛤 = 0, 𝛽3 = 0.01 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0.1 ps∕(KW m), ℎ = −1, 𝛽2 = −10 ps2∕m, 𝑠1 = 𝑠2 = 1 ps∕(KW m)], (𝑎2) [𝛽0 = 0.001, 𝛤 = 0.004, 𝛽3 = −0.01 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 =
0.1 ps∕(KW m), ℎ = −1, 𝛽2 = −200 ps2∕m, 𝑠1 = 𝑠2 = 1 𝑝𝑠∕(KW m)], (𝑎3) [𝛽0 = 0.001, 𝛤 = 0, 𝛽3 = 0.1 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0.1 ps∕(KW m), ℎ = −1, 𝛽2 = −150 ps2∕m, 𝑠1 = 𝑠2 =
1 ps∕(KW m) ], (𝑎4) [𝛽0 = 0.001, 𝛤 = 0, 𝛽3 = 0.1 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0.1 ps∕(KW m), ℎ = −1, 𝛽2 = −150 ps2∕m, 𝑠1 = 𝑠2 = 1 ps∕(KW m)].
Fig. 2. (Color online) MI gain spectra versus angular frequency in anomalous dispersion regime associated with RIF and TOD under the effect of the ratio of the forward and
backward propagating waves for [𝛽0 = 0, 𝛤 = 0 KW−1 , 𝛽3 = 0.01 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 2 ps∕(KW m), 𝛽2 = −20 ps2∕m, 𝑃 = 15.50 KW, 𝑠1 = 𝑠2 = 1 ps∕(KW m)].
will happened if the wave number takes a non zero imaginary portion
heading to an exponential increase of the disturbance magnitude. So,
the deliberation of the MI depends on the power gain as

𝐺(𝛺) = |ℑ𝐾𝑚𝑎𝑥|, (15)

and ℑ
(

𝐾
)

represents the imaginary part of 𝐾 .
3

𝑚𝑎𝑥 𝑚𝑎𝑥
Modulation instability inspection

The behavior of the MI gain spectra in anomalous dispersion regime

We assume to study the behavior of the MI gain spectrum in
anomalous dispersion the following parameters 𝛽12 = 𝛽22 = 𝛽2, 𝛽13 =
𝛽 = 𝛽 , 𝜎 = 1, 𝜎 = −1. Fig. 1 shows the illustration of the MI gain
23 3 1 2
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Fig. 3. (Color online) MI gain spectra in anomalous dispersion regime associated with RIF and TOD under the effect of the GVD in anomalous regime (𝑐1) [𝛽2 = −2.5 ps2∕m],
(𝑐2) [𝛽2 = −4.5 ps2∕m], (𝑐3) [𝛽2 = −5.5 ps2∕m] and (𝑐4) [𝛽2 = −10.5 ps2∕m] for [𝛽0 = 0.4, 𝛤 = 0 KW−1 , 𝛽3 = 0.001 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0.1 ps∕(KW m), 𝑃 = 15.50 KW, 𝑠1 = 𝑠2 =
1 ps∕(KW m)].
Fig. 4. (Color online) The behavior of the MI gain spectra in anomalous dispersion regime associated with RIF under the effect of TOD and GVD (𝑑1) [𝛤 = 0 KW−1 , 𝛽3 =
0.001 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0.1 ps∕(KW m), 𝑃 = 5.50 KW, 𝑠1 = 𝑠2 = 1 ps∕(KW m), ℎ = −1.75], (𝑑2) [𝛤 = 0KW−1 , 𝛽3 = −0.001 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0.1 ps∕(KW m), 𝑃 = 5.50 KW, 𝑠1 =
𝑠2 = 1 ps∕(KW m), ℎ = −1.75].
spectra with the influence of the total power associated with RIF, GVD,
TOD and SS.

When we set the SP (𝛤 = 0), it is formed two symmetric sides
lobes (see Fig. 1 (𝑎1), (𝑎4)) for −1 < 𝛺 < 1. Thereafter, assuming
the SP different to zero, we observe one lobe (see Fig. 1 (𝑎2)) and
the MI bands increase. In Fig. 2, for [𝛽0 = 0, 𝛤 = 0 KW−1, 𝛽3 =
0.01 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 2 ps∕(KW m), 𝛽2 = −20 ps2∕m, 𝑃 =
15.50 KW, 𝑠1 = 𝑠2 = 1 ps∕(KW m)] the variation of the MI gain
spectrum versus angular frequency is obtained. The latter emphasize
the attitude of the MI gain spectra in the presence of the RIF shift and
GVD in anomalous regime. We observe that, when the value of the ratio
between the forward and backward propagating waves increase, it is
pointed out two sides lobes which increase progressively in amplitude
(see Fig. 2 (𝑏2 and 𝑏3)). Otherwise, for certain values of the latter, the
side lobe vanishes, but the amplitude increase until the maximum value
is obtained (see Fig. 2(𝑏 )). Beside, in Fig. 3 we use different value of
4

4

GVD in anomalous dispersion regime, to emphasize the performance of
the MI gain spectrum. These results were obtained for [𝛽0 = 0.4, 𝛤 =
0 KW−1, 𝛽3 = 0.001 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0.1 ps∕(KW 𝑚), 𝑃 =
15.50 KW, 𝑠1 = 𝑠2 = 1 ps∕(KW m)]. Notice that MI bands decrease
proportionally to GVD values.

Moreover, by varying the values of GVD and the TOD simultane-
ously, associated to the IRS, a comparison of the MI gain spectrum is
established for different cases illustrated via Fig. 4. For this purpose, we
choose adequate parameters of the GVD and TOD. The rest of the pa-
rameters of the CNLSE are (𝑑1) [𝛤 = 0KW−1, 𝛽3 = 0.001 ps3∕m, 𝑇𝑅1 =
𝑇𝑅2 = 0.1 ps∕(KW𝑚), 𝑃 = 5.50 KW, 𝑠1 = 𝑠2 = 1 ps∕(KW m), ℎ =
−1.75], (𝑑2)[𝛤 = 0 KW−1, 𝛽3 = −0.001 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 =
0.1 ps∕(KW𝑚), 𝑃 = 5.50 KW, 𝑠1 = 𝑠2 = 1 ps∕(KW m), ℎ =
−1.75]. Meanwhile, the comparison of the MI gain anomalous disper-
sion regime is pointed out in Fig. 5. We use [𝛽 = −2.5 ps2∕m], [𝛽 =
2 2
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4.5 ps2∕m], [𝛽2 = −5.5 ps2∕m] and [𝛽2 = −10.5 ps2∕m] and it is
bserved that the MI bands decrease respectively.

Furthermore, in Fig. 5 we post up the effects of the SF on the MI
ain spectra in absence of IRS. The obtained results have been stressed
n anomalous dispersive regime. The main remark is the formation of
table zone when the SF is considered as zero value (see Fig. 5 (𝑒1)).
nfortunately, the behavior of MI gain spectra is somewhat different

or SF different to zero. The obtained stability zone vanish (see Fig. 5
𝑒2, 𝑒3, 𝑒4)). We notice that the SF act by decreasing this zone. Now,
e investigate more better the effects of the GVD and SF on the MI
ain spectrum in anomalous dispersion regime. We record on Fig. 6
he conduct of the MI bands without IRS and SS effects (𝑇𝑅𝑗 = 0 and
𝑗 = 0, 𝑗 = 1, 2). The comparison of the MI gain spectrum revealed the
ymmetric lobes for (−0.5 < 𝛺 < 0.5), and the total disappearance of the
obes for important values of the GVD. These result could explain the
ontribution of the SF when the MI grows exponentially and stable/or
nstable zone can takes place(see Fig. 6 (𝑒1) and (𝑒2)). It is worth
o mention that the appearance of the new side lobe correspond to
dditional instability zone.

he behavior of the MI gain spectra in normal dispersion regime

In this round of work, we will focus on the behavior of the MI
ain spectrum in normal dispersion regime. For this purpose, we keep
he same considerations made above on the parameters. Fig. 6 shows
he performance of the MI gain spectrum in normal dispersion regime
ithout IRS (𝑇𝑅1 = 𝑇𝑅2 = 0 ps∕(𝐾𝑊𝑚)) and TOD (𝛽3 = 0 ps3∕m).
he parameters used are 𝑃 = 1.50 KW, 𝑠2 = 0 ps∕(KW m), 𝛽2 =
0 ps2∕m, 𝛽0 = 0, 𝛤 = 2.5 KW−1. We notice that the amplitude
f the MI bands increase when the ratio power decrease and the MI
requencies bands shrink. More particularly at ℎ = 5, it is formed
n additional frequency band for −0.5 < 𝛺 < 0 and 1.5 < 𝛺 <
.5 see Fig. 7(𝑁1). In addition, for variations of GVD, the MI gain
pectrum posture is obtained in the absence of the IRS. One observes
he formation of an important instability zones when the GVD is zero.
owever, when the value of the latter becomes important, stability
5

ones are showing out, while instability zones are observed only on the
ides (see Fig. 8). Under the influence of the CC in normal dispersion
egime, we stress the MI gain spectrum for 𝛽3 = 0 ps3∕m, 𝑇𝑅1 =
𝑅2 = 0 ps∕(𝐾𝑊𝑚), 𝑃 = 20.50 KW, 𝑠1 = 1 ps∕(KW m), 𝑠2 =
1 ps∕(KW m), 𝛤 = 0.2 KW−1, 𝜅22 = 0. The MI bands increase
ith the CC and it is showed out additional frequency band. With

he influence of the CC, the behavior of the MI gain spectrum versus
ngular frequency in normal dispersive regime have been stressed.
t is showed out the variation of the MI bands from right to left
hen the second CC is zero (𝜅22 = 0). In addition, when the first
C is supposed to be open (i.e. 𝜅12 = 0) the MI bands amplitude
row and shift from left to right. This scenario permit to explain the
unctioning of the oppositely directed coupler (ODC) or the magneto-
ptic waveguides (MOW) holding one input port pulse (see Figs. 9 and
0). We demonstrated the impact of the ratio power on the MI bands
n Fig. 11. It emerges two sides bands (blue curve) which show out
hat in normal dispersion regime the small perturbation has a important
ount of growth. When the angular frequency reach the zero value, the
aximum gain spectra is obtained. To show out the understanding of

he influence of TOD on the MI gain spectrum, we stress the behavior
f the MI bands without IRS in normal dispersion regime in Fig. 12. We
otice that additional sides lobes are formed compared to Fig. 11.

Aiming to highlight the conduct of the MI gain spectrum with
he control of the SF, we emphasize in Fig. 13 the variation of MI
ands versus the angular frequency. Particularly for 𝛽3 = 0.01 ps3∕m
t is emerged new frequency bands. Otherwise for 𝛽3 = 0.0001 ps3∕m
he MI band increase and formed an additional instability zone. More
recisely, the combination effects of the TOD and SF parameter lead
o obtain three sides lobes and it is possible to set out four sides lobes
o confirm the polynomial degree of the dispersion relation. Beside, in
ig. 13 (𝑁24) it is obtained three sides lobes when 𝛤 = 0.01 KW−1 and
he right side lobe shows the maximum value of the MI for −5 < 𝛺 < 0.
n the same logic, when the value of the SF decreases with fixed value
f the TOD, Fig. 13 (𝑁25) and Fig. 13 (𝑁26) show the same scenario
bserved in Fig. 13 (𝑁 ).
24
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Fig. 6. (Color online) The Variation of the MI gain spectra in anomalous dispersion regime with the effect of the GVD and SN at (𝑒1) [𝛽2 = −1.4 ps2∕m], (𝑒2) [𝛽2 = −1.45 ps2∕m],
(𝑒3) [𝛽2 = −1.50 ps2∕m], (𝑒4) [𝛽2 = −1.55 ps2∕m], for [𝛽3 = 0 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0 ps∕(KW m), 𝑃 = 2.50 KW, 𝑠2 = 0 ps∕(KW m), ℎ = −1].
Fig. 7. (Color online) The performance of the MI gain spectrum versus angular frequency in normal dispersion regime with the effect of the GVD (𝑁3) [𝛽0 = 0], (𝑁4) [𝛽0 = 10.5],
(𝑁5) [𝛽0 = 20.5], (𝑁6) [𝛽0 = 25.5] for [𝛽3 = 1.5 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0 ps∕(KW m), 𝑃 = 40.50 KW, 𝑠1 = 1 ps∕(KW m), 𝑠2 = 0 ps∕(KW m), 𝛤 = 0.02 KW−1].
Effects of the SP and TOD on the MI gain spectrum

In this part of the paper, we seek the effects of SN and TOD on the
MI gain spectra in normal and anomalous dispersion regime. To this
end, it is supposed the case of normal dispersion regime ℎ > 0 and the
self-steepening in channel 2 is (𝑠2 = 0). We set 𝑃 = 2.50 KW, 𝑠1 =
1 ps∕(KW m), 𝑠2 = 0 ps∕(KW m), 𝛽0 = 0, 𝜅1 = 40, 𝜅22 = 0, ℎ =
0.7, 𝑇𝑅2 = 0. Fig. 14 gives the comparison of the MI gain spectrum
with the effects of the variation of SP and fixed value of the TOD.
6

It is observed that when the SP is decreasing the instability gain
increases and it is formed three slides lobes which correspond to three
frequencies bands in Fig. 14 (𝑁24)(−6 < 𝛺1 < −2, −2 < 𝛺2 < 2 and
2 < 𝛺2 < 5). These results show that it is possible to obtained additional
bands in the normal dispersion regime by involving the SP and TOD
compared to Refs. [6,26,27]. Besides, in Fig. 15 it is seeking how the MI
gain spectra decreases when the value of the TOD dispersion decreases
with fixed value of the SP in anomalous dispersion regime ℎ = −0.01.
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Fig. 8. (Color online) The performance of the MI gain spectrum versus angular frequency in normal dispersion regime under the influence of the CC (𝑁7) [𝜅12 = 20.5], (𝑁8)
[𝜅12 = 35.5], (𝑁9) [𝜅1 = 100.5], (𝑁10) [𝜅12 = 125.5] for [𝛽3 = 0 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 = 0 ps∕(KW m), 𝑃 = 20.50 KW, 𝑠1 = 1 ps∕(KW m), 𝑠2 = −1 ps∕(KW m), 𝛤 = 0.2 KW−1 , 𝜅22 = 0].
Fig. 9. (Color online) The behavior of the MI gain spectrum versus angular frequency in normal dispersion regime under the influence of the CC for [𝛽3 = 0 ps3∕m, 𝑇𝑅1 = 𝑇𝑅2 =
0 ps∕(𝐾𝑊𝑚), 𝑃 = 40.50 KW, 𝑠1 = 1 ps∕(KW m), 𝑠2 = −1 ps∕(KW m), 𝛤 = 0.2 KW−1 , ℎ = 0.1].
RE and SP effect on MI gain spectrum

Aiming to investigate the RE in the presence of the SP on the
MI bands, it is supposed 𝑃 = 1.50 KW, 𝑠1 = 0 ps∕(KW m), 𝑠2 =
−1 ps∕(KW m), 𝛽0 = 4.5, 𝜅1 = 4.5m, 𝜅22 = 0m, 𝛽3 = 0.001 ps3∕m, ℎ =
0.01, 𝑇𝑅2 = 𝑇𝑅1 = 𝑇𝑅. Fig. 16 shows the RE associated with the SP
on MI bands in normal dispersion regime. It is noticed that the Raman
7

provoked spectral bands in normal and anomalous dispersion regime
than the SP and it is obtained a MI maximum gain. However, when the
RP becomes negative, the SP takes over by involving news sides bands
and the MI gain produces by the RE tends to vanish (see Fig. 16 (𝑁30)
red line). These results set out new behavior of the MI gain spectrum
with the SN.
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𝑇

1

Fig. 10. (Color online) The behavior of the MI gain spectrum versus angular frequency in normal dispersion regime under the effect of the ration power at [𝛽3 = 0 ps3∕m, 𝑇𝑅1 =
𝑅2 = 0 ps∕(KW m), 𝑃 = 40.50 KW, 𝑠1 = 1 ps∕(KW m), 𝑠2 = −1 ps∕(KW m), 𝛤 = 0.2 KW−1 , 𝜅1 = 40, 𝜅2 = 1].
Fig. 11. (Color online) The behavior of the MI gain spectrum versus angular frequency in normal dispersion regime under the effect of the TOD [𝑇𝑅1 = 𝑇𝑅2 = 0 ps∕(KW m), 𝑃 =
5.50 KW, 𝑠1 = 1 ps∕(KW m), 𝑠2 = −1 ps∕(KW m), 𝛤 = 0.2 KW−1 , 𝜅1 = 40, 𝜅22 = 1, ℎ = 0.7].
Fig. 12. (Color online) The variation of the MI gain spectrum versus angular frequency in normal dispersion regime under the effect of SN [𝑇𝑅1 = 𝑇𝑅2 = 0 ps∕(𝐾𝑊𝑚), 𝑃 =
20.50 KW, 𝑠1 = 1 ps∕(KW m), 𝑠2 = −1 ps∕(KW m), 𝛽0 = 0, 𝜅1 = 40, 𝜅22 = 0, ℎ = 0.7].
8
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Fig. 13. (Color online) Comparison of MI gain spectrum versus angular frequency in normal dispersion regime under the effects of the SN and TOD (𝑁23)[𝛤 = 0.1 KW−1 , 𝛽3 =
0.1 ps3∕m], (𝑁24)[𝛤 = 0.01 KW−1 , 𝛽3 = 0.1 ps3∕m], (𝑁25)[𝛤 = 0.001 KW−1 , 𝛽3 = 0.1 ps3∕m] and (𝑁26)[𝛤 = 0.0001 KW−1 , 𝛽3 = 0.1 ps3∕m].
Fig. 14. (Color online) Comparison of MI gain spectrum versus angular frequency in anomalous dispersion regime under the effects of the SN and TOD (𝑁27) [𝛤 = 0.1 KW−1 , 𝛽3 =
0.0001 ps3∕m], (𝑁27) [𝛤 = 0.1 KW−1 , 𝛽3 = 0.00001 ps3∕m].
Fig. 15. (Color online) Comparison of MI gain spectrum versus angular frequency in normal GVD with the RE and SP (𝑁29)[𝛤 = 0.01 KW−1 , 𝑇𝑅 = 0.01 ps∕(KW m)],
(𝑁30) [𝛤 = −0.01 KW−1 , 𝑇𝑅 = 0.001 ps∕(KW m)].
9
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Fig. 16. (Color online) Comparison of MI gain spectrum versus angular frequency in anomalous GVD with the RE and SP.
Conclusion

This paper is more focussed on the MI with SNF. It is used the
CNLSE with height-order dispersion and RIF shift. Firstly, it is used
the linearizing technic and the CW solutions to establish the dispersion
relation. Thereafter the attitude of the MI gain is analyze by involving
the effects of the HOD, Raman and SP in normal and anomalous
dispersion regime. From there, it is revealed some news MI bands when
the TOD and SP act together. Besides, by taking into account RE and
SP it is emerged spectral bands in normal and anomalous dispersion
regime compared to Refs. [6,26]. On the other hand, the obtained
diverse sides bands and the new posture of the MI bands frequencies
could explore a new way for MI analysis in nonlinear optical fibers and
many others field having issue of confrontation between nonlinearity
and dispersion.
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