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In nonlinear optical systems, optical solitons have the transmission properties of reducing error rate, improving system
security and stability, and have important research significance in future research on all optical communication. This paper
uses the bilinear method to obtain the two-soliton solutions of the nonlinear Schrodinger equation. By analyzing the relevant
physical parameters in the obtained solutions, the interaction between optical solitons is optimized. The influence of the
initial conditions on the interactions of the optical solitons is analyzed in detail, the reason why the interaction of the optical
solitons is sensitive to the initial condition is discussed, and the interactions of the optical solitons are effectively weakened.
The relevant results are beneficial for reducing the error rate and promoting the communication quality of the system.

Keywords: optical solitons, nonlinear Schrodinger equation, soliton interactions
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1. Introduction

In the field of nonlinear optics, researchers have shifted
their attention to studying the propagation characteristics of
individual optical solitons while also studying the transmis-
sion of multiple optical solitons in optical fibers and fiber
lasers.!!~7 Research has shown that when there are two or
more optical solitons in a fiber, they will interact with each
other, attracting or repelling each other like particles.®-1% Un-
der certain initial conditions, complex interactions between
optical solitons can lead to a series of interesting nonlinear
phenomena.!!'~13] Therefore, studying the interaction between
optical solitons is of great significance.!'*"!7! In the study of
the interaction between optical solitons, the interaction be-
tween two optical solitons is the most fundamental one. ['3-2]

On the other hand, the nonlinear Schrodinger (NLS)
equation is an important equation for describing the propaga-
tion of optical solitons.>!=23] Tt is widely used in fields such
as optical communication, optical computing, and optical stor-
age. In the field of nonlinear optics, the research significance
of the NLS equation is particularly prominent.>*->%! For ex-
ample, the self-phase modulation is one of the most basic phe-
nomena in nonlinear optics, which is caused by the nonlin-
ear effect of optical solitons. When optical solitons propagate
in a fiber, they interact with each other, causing local phase
changes in the fiber, thereby altering the frequency and wave-
form of the optical solitons.!?’2! Therefore, the NLS equa-
tion can not only help us better understand the nonlinear ef-
fects in the transmission and interaction of optical solitons, but
also provide new solutions and technical means to improve the

performance and reliability of nonlinear optical systems. 29321
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In this paper, we will study the interaction between two
optical solitons based on the NLS equation. By studying the
interaction between two optical solitons, the problem of signal
interference in nonlinear optical systems can be solved. The

forms of the NLS equation studied here are as follows: 3]

1t + 0 (g + 20 |ul?) — 106 (g + 6u [u*) =0, (1)

where u is the optical soliton envelope, @ is the second-order
effects, and og is the third-order effects. For Eq. (1), the pe-
riodic soliton interactions have been analyzed in Ref. [33].
However, the influence of the initial parameters on soliton in-
teractions is not reported in nonlinear optical systems. Here,
we will investigate the effects of the initial phase, the initial
spacing, and other parameters on the interaction of optical soli-
tons.

In Section 2, we will get the two-soliton solutions for
Eq. (1). In Section 3, we will discuss the influences of the
relevant physical parameters in the obtained solutions on soli-
ton interactions. In Section 4, we will give the conclusion.

2. Two-soliton solutions

Assuming that u = g(x,t)/f(x,t), and substituting it into

T

2
‘ ] =0, @

Eq. (1), we have
(5), 7| (5), 7]
| (5), +<(5),
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and then, Eq. (2) can be expanded into the following form:

Dg-f Dig-f gD f 2
DT o | (L -2 ot o]

. Dig-f .Dig-fDf-f\  .Dwg-f|g|
i | (2L s PELDLL ) P SIE o

Here, D,, D? and D; are the bilinear operators, which are de-
fined as!¥

DiDy"g(x,t) - f(x,1)
d d\"/ o a\"
- <ax B 8)6’) <at B aﬂ) X g(x’[) 'f(xlvt/)‘x’:x.t’:r
Thus, the bilinear forms of Eq. (1) can be derived as

(iDy+ D} —iosD}) g- f =0,
DX (f-f)—2lg]*=0. 3)

Assuming that

g(x,t) = €81 (x7t)—|—£3g3 (xvt)v
f(xvt) = 1+82f2 (xvt)+84f4 (x,t),

among them

g1 (x,1) = ef 4 eb2,

g3 (X,f) _ Al 691+92+91 +A2691+92+92 ,

* * % *
f2 (x,t) — Bl 691+81 +Bzeel+92 +B3662+61 +B4692+92,

f4 (x,t) — Cl e@]+91*+92+92*7 (4)
and

0, =k (X)+mﬂ+(!)l,
62 = kp (x) + mat + ;. 5)

Substituting Egs. (10) and (4) into Eq. (1), extracting the nth
power coefficients, and setting them to zero, we can obtain

ki (x) = (i0pm? + ozm3 ) xky (x) = (iotgm% + Ot3mg)x, (6)

and
2
A = (my —m1)
(my +m3) (my +mi)?
(m, _””1)2
AZ - o2 2’ (7)
(my +m3)~(ma +m3)
B ! B !
1= 7> 2= >
(m +m’[)2 (my +m3)?
1 1
By=——— Byj=—o——, (8)
(my er;)z (m2+m§)2

2/ % *\2
C, = : 2(’”1 mi)z(ml mi)z - ©)
(my +m7)" (my+m7)" (my +m3)" (my +m3)

Setting € = 1, we can get u as

691 + 662 +A1691+92+91* +A2€91+62+9§

u = .
14 B e 40 1 Bye®1 40 | Bse®t0 | B, e®2t0 | ) Oit02H0+6;

Expression (10) is the two-soliton solutions of Eq. (1).

3. Discussion

For two-soliton solutions (10), there are six parameters
my, mp, 0,03, ® and . Next, we will mainly discuss the
influence of these parameters on the interaction of optical soli-
tons. At first, we assume that op = 1, a3 = 0.002, @w; = 0,
@, = 0, and analyze the influences of m; and m;. In Fig. 1(a),
my = —0.88, my = —0.34, we can find that periodic interaction
between two optical solitons occurs. During the interaction
process, optical solitons exhibit the periodic oscillation behav-
ior. In Fig. 1(a), two solitons first exhibit mutual repulsion,
then attract each other, and finally interact with each other, re-
sulting in the pulse splitting. Changing the values of m; and
my, we can adjust the period of the optical soliton interactions.
In Fig. 1(b), the optical soliton interaction increases. While
the optical soliton interaction decreases in Figs. 1(c) and 1(d).
In Fig. 1, the change of the values of m; and m; can affect the
interaction period of the optical solitons when they are input

10)

in the same phase.

In Fig. 2, we study the effect of the values of m; and m,
on the interaction between optical solitons when they have a
certain spacing in the early stage of incidence. In Fig. 2(a),
mp = —1.3, my = 2, the spacing between optical solitons is
small, and they will always interact during the transmission
process. Due to the larger amplitude of the optical soliton on
the right, the influence will be greater during the interaction
process, and the amplitude of the optical soliton will change
more violently. On the contrary, in Fig. 2(b), due to the large
value of m1, the amplitude of the left optical soliton is greater
than that of the right optical soliton, resulting in a more drastic
change in the amplitude of the left optical soliton. In Fig. 2(c),
the spacing between the optical solitons is very small, and they
transmit periodically like breathing solitons. In Fig. 2(d), in-
creasing the distance between the optical solitons can prevent
them from interacting during transmission. In this case, al-
though it is beneficial to improve the transmission quality of
optical solitons in nonlinear optical systems and avoid signal
crosstalk, it will reduce the communication capacity of the sys-
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tem.

Fig. 1. The influence of initial parameters on soliton interactions. The
parameters are 0 = 1, 03 = 0.002, w; =0, @, =0 with (a) m; = —0.88,
my =—0.34; (b)m; =—0.41, my = —0.72; (c) m; = —0.34, mp = —1.2;
(d) m; =—-0.22, mp = —1.3.

Fig. 2. The influence of initial parameters on soliton interactions. The

parameters are 0 = 1, o3 = 0.002, w; =0, wy =0 with (a) m; = —1.3,
my =2, b)ym; =—1.7,m=—1.1;(c) m; =0.56, my = 1.8; (d) m; =
—1.7,my=1.38.

In Fig. 3, we will keep the value of m; unchanged, and
mainly consider the impact of the changes of the values of m;,
@) and @, on the interaction of optical solitons. At first, in
Fig. 3(a), we assume my = —1.9, @ = —3.8, @, = 2.4, and
can find that the solitons may undergo subtle interactions dur-
ing the parallel transmission. When m, = 1.7, the amplitude
of the left optical soliton increases, which has a significant
impact on the interaction process in Fig. 3(b). By increasing
the spacing between optical solitons, we can also achieve non-
interactive transmission between optical solitons in Figs. 3(c)
and 3(d). By further reducing the distance between them, we
can achieve intense interactions between optical solitons. No
matter how they interact with each other, optical solitons with
larger amplitudes undergo greater changes, as shown in Fig. 4.
Changing the values of o and o3, the two optical solitons are
incident at different phases at this point, and they only interact

in a certain region during transmission and then propagate for-
ward along the original path in Fig. 5. o and o3 take different

Fig. 3. The influence of initial parameters on soliton interactions.
The parameters are o = 1, oz = 0.002, m; = 1 with (a) my = —1.9,
o =38, =24, bymy =17, 0 =3, @ =0.7; (c) my = 1.9,
0 =—19,m=3;dm=15 0 =23, oo =-33.

Fig. 4. The influence of initial parameters on soliton interactions.
The parameters are o = 1, oz = 0.002, m; = 1, my = 1.9 with (a)
w0 =28, =38;(b)wy =-22, 0 =—-48;(c) v =2.1, ;p = 1.6;
(d) oy =2, wy =3.6.

(a)

t

Fig. 5. The influence of initial parameters on soliton interactions.
The parameters are m; = 1, mp = =2, @) = —2.1, @p = —16 with
(@ am=11 a3 =025 (b) p =12, 03 = —0.1; (c) o = —1.4,
o3 =—0.38;(d) o, =1.6, 3 =0.1.
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Fig. 6. The influence of initial parameters on soliton interactions.
The parameters are m; = 1, my = =2, @0 = —2.1, @p = —16 with
(@) p = 1.4, a3 =0.72; (b) oy = 0.72, a3 = 0.75; (c) oy = 0.94,
a3 =—0.91;(d) p =0.88, a3 = —0.41.

values, and the regions of their interaction are also differ-
ent. In Fig. 6, we can obtain different scenarios of soliton
interactions. In Fig. 6(a), during the interaction between two
optical solitons, the soliton amplitude will first decrease and
then increase. In Fig. 6(b), the amplitude of optical solitons
first increases and then decreases in the interaction region. In
Figs. 6(c) and 6(d), we can achieve different interactions of
different phases by changing the values of o, and o3.

In the above analysis, different initial conditions lead to
the interaction of optical solitons. The main reason is that
the difference in the initial condition between adjacent opti-
cal solitons determines the difference of chirp caused by their
nonlinear effects. When the frequency chirp is large, the trans-
mission of optical solitons will become unstable. In addition,
the refractive index has a strong dependence on the light inten-
sity. During the interaction of optical solitons, the light inten-
sity of the optical solitons increases sharply, leading to phase
shift changes in the optical field itself during transmission in
the fiber, thereby affecting its interaction.

4. Conclusion

This paper has mainly used the NLS equation (1) to
study the interaction problem between two optical solitons.
By analyzing the relevant parameters in the two-soliton so-
lution (10), the factors affecting the interaction between opti-
cal solitons have been discussed. Changing the values of m;

and my, we have adjusted the period of optical soliton interac-
tions. By increasing the spacing between optical solitons, we
have achieved the non-interactive transmission between opti-
cal solitons. The results of this article will provide important
theoretical references for the optimization design of nonlinear
optical systems.
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