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Abstract. This work describes how numerical simulations based on the generalized 

nonlinear Schrödinger equation (GNLSE) have opened the way for a comprehensive 

physical understanding of the fundamental complex dynamics of supercontinuum 

generation (SCG) and Soliton fission (SC). SC was generated in optical fibres and fibre 

lasers that pumped by watt and kilowatt pulse sources, as well as in continuous-wave 

sources (CW) Light sources with increased spontaneous emission. An efficient approach 

for creating a continuous-wave source of soliton fission in the optical fibres pumped by 

CW light has been discovered. The ability to generate supercontinuum opens the door to a 

wide range of applications, from medicine to telecommunications. 

Keywords: Photonic Crystal fibres (FCFs), Soliton, Generalized Nonlinear Schrödinger 

Equation (GNLSE), Supercontinuum generation (SCG), Continuous-Wave (CW). 

1   Introduction 

       Photonic crystal fibre (PCF) technology has advanced steadily in recent years, attracting 

considerable interest from researchers [1-10]. In general, they are constructed of a single 

substance, such as silica, with tiny air holes running the length of their fibre. To obtain desirable 

optical features, such as indefinitely single-mode operation, several factors can be modified, 

including air hole arrangement, air hole pitch and diameter, air hole size, and the refractive index 

of the fibre material [5-11]. J. Wang et al. [12] proposed that PCFs be guided via a bandgap 

using elliptical air holes. H. Hassan [13] established two types of optical solid-core PCFs: total 

internal reflection and photonic bandgap. As a result, it appears that the suggested fibre is rather 

simple to produce. One of the most common uses of PCFs is supercontinuum generation (SCG) 

[14-16].  The spectral and temporal structure of a brief optical pulse changes as it passes through 

a Kerr nonlinearity and chromatic dispersion result in a transparent material. Apart from the 

invariant phase delay per unit propagation length, there are a few other factors to consider, the 

effects of dispersion and Kerr nonlinearity will perfectly cancel one another out, ensuring that 

even at long distances, the temporal and spectral structure of the pulses is retained [17]. While 

propagating in the nonlinear parameter n2 should be positive in a lossless medium, and the 

chromatic dispersion should be positive, and the pulse must have the same temporal form as an 

unchipped sech2 pulse. The generalized nonlinear Schrödinger (GNLSE) equation describes the 

propagation of pulses in a nonlinear index of refraction with a dispersive medium. The 

supercontinuum is created by nonlinearities operating on the ultra-shot as it passes through a ( 

PCF) with a highly nonlinear structure that separates into fundamental solitons, emitting 
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dazzling white light. Induced Raman scattering allows the first–order solitons to migrate to the 

side of longer wavelengths as they pass through the fibre, resulting in a process known as 

induced Raman scattering (SSFS), with a much broader scope [18]. As shown in Fig 1 [19], the 

following behaviours indicate the mechanism of supercontinuum production via soliton fission 

based on the (GNLSE). To overcome the bandgap, this work proposes a spherical air hole with 

one solid core, emphasizing the importance of dimensions represented by the long wave. 

The remaining of this paper is organized as follows: the next subsections include a detailed 

explanation for the soliton types, section II illustrates the achieved results, and section III 

demonstrates the conclusion of this work. 

 

 

Fig 1. Supercontinuum generation. 

1.1 Optical Soliton 

Because of the medium's balance of dispersive and nonlinear effects, a soliton is an optical field 

that does not change during propagation. The two forms of optical solitons are spatial and 

temporal solitons [20-21]. When the electromagnetic field is spatially limited (as in optical 

fibres), temporal solitons develop, and the pulse form (in time) Because dispersion 

balances nonlinear effects, nothing changes. [22]. Nonlinear processes (self-focusing) balancing 

out diffraction would create spatial solitons [23-25] When the electromagnetic field is not 

locally restricted yet the form of the pulse in space does not change with the transmission. Fig 

2 [19] illustrates this. 

 

1.2   Soliton fission 
 

Solitons are a fascinating representation of the nonlinear dynamics in nature that may be 

observed in a wide range of physics fields[24-25]. Solitons developing within optical fibres have 

gotten the most interest in the world of optics. With the development of new types of fibres, this 

fission mechanism has grown more relevant in recent years due to their nonlinear and dispersive 

properties, such as photonic-crystal fibres (PCF) [26].  



 

 

 

 

Raman scattering, self-steepening, and cubic dispersion will all help to promote high-order 

soliton fission. These results, on the other hand, make it impossible to control the fission 

mechanism. Variation of chromatic dispersion between transmission lines (dispersion 

management) has been suggested as a method of regulating soliton dynamics [27-28]. Even 

when the spectrum of input pulses is just a few micrometres high, supercontinuum may be 

generated by ultrafast optical pulses traveling through such fibres (SC), and it can cover a broad 

spectral range from violet to infrared [29-30].  The fission of higher-order solitons is thought to 

be the fundamental physical mechanism causing SC creation in the anomalous-dispersion region 

[31]. 

 

 
(a)                                                                                        (b) 

Fig 2. Linear and nonlinear effects on Gaussian pulses. (a) temporal soliton, (b) spatial soliton. 

  
The generalized Schrödinger equation was used to achieve soliton fission and supercontinuum 

generation [32-33]. 
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𝛼 represents the losses in the fibre since the duration of fibre used in supercontinuum generation 

is too short (only a few meters), these losses may be ignored in the computational simulation. R 

(t') is a nonlinearity function, which incorporates both electrical and nuclear components and 

makes use of the following formula. 

 

𝑅 (𝑡′) = (1 − 𝑓𝑅) 𝛿 𝑡 −  𝑡𝑒) + 𝑓𝑅ℎ𝑅  (𝑡)          (2) 

 

Because the electronic submission is treated as appearing instantly in this analysis, so 𝑡𝑒  ≈
1 𝑓𝑠. The Raman response feature, hR (t), provides details on the vibration of silica molecules. 

Since this is better determined experimentally, an empirical form of hR(t) exists (Blow and 

Wood, 1989), This is determined by the equation (3)  [34]. 
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Blow and Wood's(1989), experimental results indicate that f R=0.18, 𝜏1=12.2 fs, and 𝜏2=32 fs, 

When the approximations 𝛼 =0 and 𝜏1 =  
𝛾

𝜔°
are added to equation (1), the following results are 

obtained: 
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Substituting equation (2) into the integral of equation (4) gives: 
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Therefore, equation (4) becomes: 
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1.2.1   Split step Fourier Method (STFM) for Solving the GNLSE 

 
Equation(5) can be solved using the SSFM. This method focuses on distinguishing between the 

equation's dispersive and nonlinear components. This means that over a limited distance, these 

pieces can be regarded as autonomous. As a result, we can write equation (5) as follows: [19]: 
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Equation (6) when solved yields 
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By disregarding the h2 and higher components of the exponential, the following description may 

be derived. 

 

exp(ℎ [�̂� + �̂�] ≈ exp(ℎ�̂�) exp(ℎ �̂�)       (11) 

 

As a result, the pulse envelope solution would be: 
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equation (12), was determined by 
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Equation (13) would be accurate to around third order. 

2   The Achieved Numerical Results 

       The results were obtained using MATLAB OdE45. Table 1 lists the model parameters 

utilized in this study. 

 
Table 1. Parameters for simulation. 

Parameters Values  

Photonic Parameters  

Air hole diameter (d)  1.4 𝜇𝑚   

Pitch (^) 1.6  𝜇𝑚  

Pitch length   0.15 𝑚  

Number of holes  6   

Wavelength 835 𝑛𝑚  

Zero Dispersion Wavelength 

(ZDW) 
780 𝑛𝑚  

Nonlinearity (𝛾) 0.11𝑊−1𝑚−1  

Fractional Raman 

Contribution (𝑓𝑟) 

0.18  

 



 

 

 

 

First, computational effects with standard experimental parameters and an anomalous GVD 

regime are presented using the complete GNLSE in equation (1), which was considered as in 

Table 1, depending on the global dispersion in Table 2. 

 
Table 2. Coefficient values of the Taylor series for the PCF's GVD used in simulation, expansion at 835 

nm. 

Coefficient Value (
𝑝𝑠2

𝑘𝑚
)                                              Coefficient  Value (

𝑝𝑠2

𝑘𝑚
) 

𝛽2  − 11.830 𝛽3   8.1038 × 10−2 

𝛽4 −9.5205
× 10−5 

𝛽5  2.0737 ×  10−7 

𝛽6  −5.3943 
× 10−10 

𝛽7   1.3486 ×  10−12 

𝛽8  −2.5495 
× 10−15 

𝛽9   3.0524 × 10−18 

𝛽10  −1.7140 
× 10−21 

 
  

 

In the simulation, the initial infused pulse exhibits a hyperbolic secant field profile is 

𝐴(0, 𝑇), 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 𝑃0 sech (
𝑇

𝑇0
), , 𝑇0 =  28.4 fs  with  𝑃0= 500W input power and all 

other simulation results assume hyperbolic secant input pulses. The PCFs selection and the input 

pulse parameters selected were to enable us to explore the SCG process in conditions that are 

representative of numerous real-world scenarios.  

The dynamics of the spectral and the temporal evolution are shown in the first set of results. 

This is investigated using the numerical solution provided in Eq. 5. Fig 3 represents the findings 

of PCF propagation across a 0.15m length.  



 

 

 

 

 

Fig 3. Supercontinuum generation across 0.15m fibre. 

Fig 3 shows the results of simulations at various power levels using an 835 nm pump 

wavelength. one, plot spectral and temporal slices as seen at representative propagation 

distances to demonstrate the fine structure of the resulting spectrum, and on a logarithmic scale, 

the SC spectra are displayed. Understanding the underlying physics, on the other hand, involves 

considering the dynamical progression of the initial pulse toward the output SC, which is a very 

complicated process. Moreover, the use of discrete layers has only captured a portion of the 

intricacy of these dynamics, and the density plot representation which is illustrated in Fig 4. 

In this work, to describe both the spectral and the temporal intensity, the use of the logarithmic 

density scale is related to the highest value. The spectral broadening becomes asymmetric over 

this range, with discrete peaks of spectral emerging on both sides of the injected pump's long 

and short wavelengths, which are linked to the formation of separate peaks of temporal on a 

background with minimal amplitude. The logarithmic density chart shows the time backdrop. 

Although most spectral widening occurs early in the transmission process, subsequent phases 

are marked by a distinct continuous red-shift of the high-wavelength parts and temporal 

transform of distinct peaks in the time domain. The SCGs short wavelength edge does not 

expand in response to this constant shift to high wavelengths. On the other hand, the SCG's low-

wavelength side does not propagate any further. All these features may be explained by 

describing the SCG manufacturing process physically. It is also self-evident that a simple and 

fundamental explanation for such complex dynamics, in terms of well-known characteristics of 

soliton transmission, The essential characteristics of the SCG development shown in the 

preceding figures may be easily understood. 

 



 

 

 

 

 
Fig 4. The density of the temporal and spectral development of  SCG by ultra-short pulses with input 

powers of (a) 500W, (b) 1KW, (c) 10KW, and (d) 15KW are the results of numerical simulations. The 

input pulse wavelength is 850nm and the FWHM duration is 50 fs. 

In Fig 4, the soliton fission process dominates supercontinuum generation with increased input 

power pumping. Even though pulse breakup and decay signals may be seen at such a high-

power level, at a lower power level, the fundamental physics may be illustrated more clearly. 

Raman scattering and Higher-order dispersion are the two most critical phenomena in the 

femtosecond range that might disturb such perfect periodic growth by causing pulse breakage 

owing to soliton fission. The input pulse power decides which of the two effects is dominant; 

however, the input pulse bandwidth is low enough for input pulses of 500W that the Raman 

perturbation frequently wins out. Furthermore, the pulse breakdown is generated by the 

dispersive disturbance for pulses with a power greater than 15 KW. Singular solitons are 

expelled from the input pulse one at a time in a methodical way, and the ejected solitons are 

sorted in ascending order by peak power, with the highest peak power at the top. The point at 

which fission begins is usually the same as when the injected higher power reaches its maximum 

value The temporal and spectral properties are very complex, as shown in figure 4, the spectrum 

exhibits substantial modulation behaviour across short distances, although this can be explained 

simply as the result of spectral interference between several solitons on a linear scale, whose 

bandwidths continue to converge at this moment. 

3   Conclusion  

 
      Supercontinuum creation is a  complicated procedure, and any measurable description in 

terms of the basic physics, regardless of application, must take into consideration a variety of 



 

 

 

 

fibre and pulse characteristics. Understanding the physics behind the SCG creation process is 

frequently more essential than knowing how to efficiently select a pump source and fibre type 

to produce an SCG with certain desired characteristics. 

Looking into the SC generation in fibre lasers and photonic crystal fibres pumped by various 

power levels, ranging from 500W to 15KW. A ring laser with nanostructure nonlinear fibre 

shows SC production within a 650-950 nm spectral bandwidth of 500W. While the bandwidth 

grew to more than 600-1000nm at 15KW. Also, this study suggested and demonstrated a novel 

design method for producing a CW SC in an optical fibre pumped by CW light. This type of 

spectral expansion has more important in many modern applications including medical, 

industrial, and military, and play an important role in communication systems. 
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