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Abstract: The evolution of (1+1)D bright soliton has been investigated 

theoretically in anisotropic bulk media having extraordinary nonlinear 

responses. To achieve a stable spatial soliton in bulk media transverse 

instability plays a crucial role which might be abolished. Transverse 

instability can be fully removed if the soliton is rendered sufficiently 
incoherent in its transverse dimension. A threshold transverse instability 

criterion has been evolved that connects nonlinearity to the greatest 

transverse correlation distance at which the spatial bright soliton is 

stable. Furthermore, the entire methodology is possible because of the 

proper balance between nonlinearity and diffraction through the crystal.  

Keywords: Bulk media, Bright soliton, Nonlinearity, Transverse 
instability. 

 

1. Introduction 
 

Over the last decade, research on optical spatial solitons has progressed 

significantly: new systems that support solitons have been discovered, as have 

solitons with more than one component. The transverse dimension has been 

established, as well as the totality of the situation. Self- similar solutions of 

the nonlinear wave equation are themost frequent theoretical approach to self-

trapping which is known as a spatial soliton. Previously, similar solutions 

have been discovered for coherent beams considering different nonlinear 

media1-3. 

Chen et al.4 developed beta-barium-borate (BBO, β- BaB2O4) which is 

very popular because of its extraordinarily advantageous properties5. Sheikh-

Bahae et al.6 submitted a research article that included all of the nonlinear 

refraction measurements of the BBO crystal. This negative uniaxial crystal 

can be a good candidate for spatial soliton generation especially for having a 

high damage threshold. That is why we consider it for this research work. 

mailto:sharbari.deb@gmail.com
mailto:behera.satadru@gmail.com
mailto:arsagtwave@gmail.com


 

276                    Sharbari Deb, Satadru Behera and Ardhendu Saha 

 
Two recent findings, modulation instability (MI) of incoherent light7 and 

elliptical incoherent solitons8-9, provided evidence that TI might be eliminated 

for stable solitons. In the specific case of (1+1)D spatial soliton that is self-

trapped and coherent in one dimension x, is uniform but slightly incoherent 

in the transverse dimension y, and propagates along z. Solitons are universal 

phenomena with many common traits10, one of which is transverse instability 

(TI). TI is particularly severe for Kerr nonlinearities which prevent (1+1)D 

spatial soliton considering Bulk media. For this reason, Soliton was launched 

in a waveguide with a planar structure11-12. As of now, experimental 

arrangements with (1+1)D solitons were carried out in optical fibers, either 

planar waveguides11-12 or nonlinearities where TI was considerably 

suppressed13 to avoid TI. There has been no previous research in the literature 

utilizing any anisotropic crystal. In this study, we described how to create a 

completely stable spatial soliton propagating in a bulk BBO crystal while 

avoiding TI. 

 

2. Theoretical Approach 
 

The foremost objective of this study is to develop a stable (1+1)D bright 

spatial soliton in a nonlinear bulk BBO crystal utilizing a continuous wave 

(CW) optical beam. The specimen dimension of the bulk BBO is 5× 4 × 10 

mm3. Figure 1 depicted a detailed overview of the proposed scheme. 

Figure 1: Pictorial view of the proposed scheme 

Optical spatial solitons propagate without spreading over a nonlinear medium 

as a result of a proper balance between nonlinearity and diffraction. The 

nonlinear Schrödinger equation (NLSE) for most general soliton equations 

describes wave propagation in nonlinear material14. Furthermore, the soliton-

type solution is usually the end goal of the theoretical investigation for the 

nonlinear analysis of the NLSE. This is typically the desirable characteristic 

of spatial soliton because it can propagate through a quite long distance 

without diffraction. Other than that when it collides with other solitary waves, 

its amplitude, shape and speed stay unchanged15-16. 
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A series of coherent speckles that vary on average per coherence time can be 

used to visualize an incoherent beam in our proposed scheme. The spatial 

correlation function is defined as: 

(1.1)   𝐵(𝑥1, 𝑦1𝑥2, 𝑦2, 𝑧) = 〈𝐸 ∗ (𝑥2, 𝑦2, 𝑧, 𝑡)𝐸(𝑥1, 𝑦1, 𝑧, 𝑡)〉                                      

where  representing the slowly varying amplitude. This slowly 

varying amplitude propagates through a nonlinear medium i.e BBO crystal. 

The final equation derived from the paraxial wave equation is as follows17-18: 

(1.2) 𝜕
𝜕𝐵

𝜕𝑧
−

𝑖

𝑘
{

𝜕2𝐵

𝜕𝑥𝜕𝜌𝑥
+

𝜕2𝐵

𝜕𝑦𝜕𝜌𝑦
} =

𝑖𝑘

𝑛0
{𝛿𝑛(𝑥1, 𝑦1, 𝑧1) − 𝛿𝑛(𝑥2, 𝑦2, 𝑧2)}𝐵           

Here, 𝑧 represents propagation direction, 𝑘 denotes wave number, 𝑛0 is the 

bias refractive index, and δn basically describes the change of the nonlinear 

refractive index. The middle point coordinates are x = (x1+x2)/2, y = 

(y1+y2)/2, while the difference  coordinates are 𝜌𝑥 = 𝑥1 − 𝑥2 and 𝜌𝑦 =

𝑦1−𝑦2. By solving this equation we determine the threshold condition for TI. 

The process to decide the threshold can be applied to any type of spatial 

coherence, however, we used a Gaussian angular power spectrum in ourcase. 

The TI gain decreases as we move closer to the threshold. This methodology 

is applicable for almost all nonlinear media to achieve (1+1)D bright soliton. 

These solutions are useful in the sciences and aid in the comprehension of the 

physical phenomena that this equation produces. 

 

3. Results and discussion 
 

Continuous-wave profile having a central wavelength of 800 nm and beam 

width of 56 um is described in the form of an incoherent Gaussian beam 

which has been depicted in Figure 2 for the initial condition. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Initial optical beam               Figure 3: Propagated beam through BBO crystal 
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However, Figure 3 indicates the final situation of an optical beam after the 

propagation through a nonlinear medium. The 56 um FWHM input beam 

linearly diffracts to a 72 um output beam after a successful propagation of 10 

mm along the crystal length. In this particular case, some minor changes have 

occurred in the case of spatial soliton generation due to the diffraction 

phenomenon of light. 

Interestingly, if the propagated beam was entirely coherent in nature then 

the soliton will suffer from TI and will break into filaments. To avoid this 

unwanted situation here we consider an incoherent optical beam. Based on 

the solution, in figure 4 we observed the evolution behavior of (1+1)D spatial 

soliton while propagating through a BBO crystal by eliminating TI. This 3D 

graphical representation proves that the optical beam profile is also affected 

due to the nonlinear refractive index of that particular crystal. 

 

Figure 4:The evolution behavior of the         Figure 5:Constant beam width along the spatial 

soliton.                                                                       crystal length. 

 

The simulation result in Figure 5 shows the constant characteristic of 

beam width along the crystal length for bright soliton. In our proposed work, 

MATLAB was utilized to execute the numerical calculations as well as to 

achieve the appropriate results. To summarize, we have studied the existence 

and stability of (1+1)D bright soliton. 

In conclusion, we demonstrated a novel optical methodology to develop 

(1+1)D spatial soliton utilizing a birefringent nonlinear medium. This is the 

sole way for propagating completely stable 1D solitons in a bulk material that 

we are aware of. Advantageous properties of bulk BBO crystal have been 

properly exploited to achieve spatial. soliton. In particular, we found that 

(1+1)D spatial soliton can exist in nonlinear bulk crystal by eliminating 
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transverse instability. We proved our findings theoretically and demonstrated 

that stable 1D bright soliton can be generated in a bulk material. As per our 

belief, this study opens up a range of possibilities for removing transverse 

instabilities in a variety of soliton systems, including the instabilities of 1D 

dark solitons in various bulk media. These findings can be implemented in 

various optical applications, which include all-optical switching of the light 

beam, beam quality control depending on the nonlinearity of the medium, etc. 

Furthermore, this promising methodology has significant potential 

application in information processing and communication technology. Even 

by implementing the electro-optic effect, we may achieve better results in the 

future. 
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