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This paper delves into relativistic q-Gaussian laser beam self-focusing effects on stimulated 
Raman scattering (SRS) in magnetized plasma.  Analytical solutions for nonlinear coupled 
wave equations defined by pump and electron plasma wave (EPW) for scattered waves 
were obtained using variational theory. We ran a numerical analysis on the resulting 
equations to determine how the laser and plasma properties affect the pump beam dynamics 
and the intensity of the scattered waves. The pump beam's self-focusing action greatly 
affects the dispersed wave's strength. Our research also shows that the stimulated Raman 
scattering effect increases as the self-focusing impact increases. The stimulated Raman 
scattering yield was analyzed with respect to several parameters, such as plasma density, 
q-value, and the influence of the magnetic field. The main effect is that when q increases, 
so do the SRS fluctuations; similarly, as plasma density and magnetic field concentration 
rise, the SRS fluctuations rise too. We can see that the pump beam's self-focusing 
significantly affects the plasma's reflectivity of SRS since the reflectivity decreases with 
rising q-value, density, and magnetic field values. 
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1. Introduction 

Stimulated Raman forward scattering (SRS) [1-6] 

is an important nonlinear process in the laser–plasma 

accelerator and fast igniter fusion scheme. In light 

scattering, electrons are the primary agents as a beam 

moves from one medium to another. The mobility of 

the nuclei is another factor that may affect the 

scattering of light [7]. This leads to Raman and 

Brillouin scattering, which occurs when the 

frequency of the propagating light varies in a manner 

that depends on the mobility of the nuclei. These 

values are the optical and acoustic phonon 

frequencies of Raman and Brillouin scattering, 

respectively [8]. If the intensity of the light beam that 

is passing is too high, the light that was originally 

scattered might induce more scattering of the light 

that is passing, ultimately resulting in a large rise in 

the intensity of the dispersed light [9]. This particular 

sort of scattering is referred to as stimulated 

scattering, and it occurs when light that was first 

dispersed boosts later scattering effects. There are 

both theoretical and practical uses for Raman 

scattering, making it an intriguing issue in nonlinear 

optics [10-12]. In 1962, when investigating ruby laser 

Q-switching with a nitrobenzene Kerr cell, Woodbury 

and Ng [11,12] discovered the stimulated Raman 

effect. The Kerr cell was found to be emitting strong 

infrared light. 

The physics of stimulated Raman scattering in 

plasmas can be illustrated by considering the effect of 

laser beam with powerful energy (E0) on a plasma that 

has fluctuations in its density along the 𝑘⃗ 0 direction 

of the incident beam. These density fluctuations result 

from the propagation of EPW in the plasma. When 

the laser beam meets the plasma, it causes the 

electrons to vibrate due to the beam's electric field, 

generating a transverse current (JT). If the wave 

vectors and frequencies are identical, the incident 

current creates a scattered wave with strength (ES). 

The scattered wave interacts with the incident laser 

beam, causing changes in wave pressure. These 

changes in wave pressure move electrons from high 

to low-pressure areas. This increases the disturbance 

in density, enhancing the initial density fluctuations 

associated with the EPW, i.e., strengthening the 

plasma wave. This reactive process results in 

stimulated Raman scattering or instability [13,14]. 

SRS is a coherent Raman scattering phenomenon 

that gives up to 107 times amplification compared to 

spontaneous Raman scattering. It occurs when energy 

is transferred from a high-energy beam (pump beam) 

to a low-energy beam (probe beam) [15,16].  

 Numerous fields, including particle acceleration 

and laser-induced fusion, actively investigate ways to 

couple high-power laser beams with plasma more 

effectively. Stimulated Brillouin scattering (SBS), 

self-focusing, filamentation, two-plasmon decay, 

stimulated Raman scattering (SRS), and other 

instabilities are introduced into the laser-plasma 

interaction process [17-19]. Stimulated Raman 

Scattering (SRS) in the context of ICF is a 

phenomenon in which the incident laser, upon 

resonance with the fundamental mode of the plasma, 

decays into an electromagnetic wave (EW) and EPW. 

Scattering could occur in either of the three ways: (1) 

Backscattering, where the scattered EW traverses 

back and combines with the incoming laser, further 

driving the EPW resulting in the growth of its 

amplitude, increasing its scattering efficiency of the 

plasma (as the EPW denotes the natural fundamental 

mode of the plasma). This unstable feedback loop 

thus created causes SRS to grow exponentially, 
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decreasing the effective energy deposition on the 

fusion fuel. Also, the scattered beams affect the 

illumination symmetry, which not only interferes 

with the efficient coupling of laser energy, but also 

induces tremendous growth in hydrodynamic 

instabilities. (2) Forward scattering, where the laser is 

scattered in the forward direction, resulting in 

formation of supra-thermal electrons of energies 

>10keV, causing preheat of the fusion fuel. (3) Side-

scattering, where the SRS convects away from the 

source, inducing disturbances at farther regions in 

space [19-21]. Singh and Sharma [21] conducted a 

study on the stimulation of excitation of EPW in the 

presence of a laser beam with blank intensity at the 

centre. The concentration of hollow Gaussian beam 

(HGB), EPW stimulation, and back reflection of 

HGBs were explored. These results appear to find 

applications in the field of laser-induced fusion 

schemes, especially when higher modes are present in 

the laser beam. Gupta et al. [22] analyzed the 

reference system for lasers with elliptical q-Gaussian 

distribution in uniaxially inhomogeneous plasmas. 

The effect of laser beam self-focusing on the power 

of the scattered wave has been explored in detailed 

manner. Walia et al [23] discovered the existence of 

a self-focusing beam in stimulated Raman scattering 

(SRS) in collisional plasmas. In this context, 

nonlinear collisions arise as a result of nonuniform 

heating, which leads to carrier redistribution. The 

plasma density profile is adjusted in a direction 

perpendicular to the main beam axis. Ahmed and his 

colleagues [24] studied the occurrence of polarized 

radiation emission (SRS) when a q-Gaussian laser 

beam propagates through a non-magnetized plasma. 

The study showed that increasing the q value led to 

an increase in SRS throughput, as well as an increase 

in laser beam intensity and plasma density. The 

results also showed that the value of the integrated 

reflection was affected by the increase in the value of 

q, as its value increased with an increase in q and the 

growth rate. 

Many researchers have studied self-focusing [25-

28] and its effect on the stimulated Raman scattering, 

but few have studied its effect on the stimulated 

Raman scattering for q-Gaussian laser. This study 

used the paraxial approach method, which gave 

results different in some aspects from the previous 

work.  

The current study thoroughly investigates the SRS 

of a q-Gaussian laser beam in magnetized plasma. 

Relativistic nonlinearity and its role in the creation of 

plasma waves are examined in the Section II. The 

analytical and numerical investigation of the 

relativistic self-focusing of a q-Gaussian laser beam 

is carried out in Section III. Section IV of the study 

examines and discusses the impact of relativistic 

nonlinearity and diffraction processes on the 

beamwidth parameters of both the pump and scattered 

beams and their effects on SRS. Finally, section V 

presents the conclusions. 

 

2. Nonlinear permittivity tensor 

Consider a uniform plasma of equilibrium 

electron density (𝑛0
0), immersed in a magnetic field 

𝐵⃗ 0‖𝑦̂.  An intense laser beam propagates through it 

along 𝑧̂ direction, 

𝐸⃗ = 𝐴 𝑒−𝑖(𝜔𝑡−𝑘𝑧)    (1) 

where 𝐴 = 𝑥̂𝐴𝑥 + 𝑧̂𝐴𝑧 

The response of plasma electrons is governed by 

the relativistic equation of motion,  

𝑚
𝜕

𝜕𝑡
(𝛾0𝑣 ) + 𝑚 ⋅ 𝛻⃗ (𝛾0𝑣 ) = −𝑒𝐸⃗ −

𝑒

𝑐
𝑣 × 𝐵⃗ 0    (2)  

Where m is the rest mass, -e is the electronic charge, 

c is the speed of light in a vacuum, and γ0 is the 

Lorentz factor where gives by: 

𝛾0 = (1 +
𝑒2𝐸0

2

𝑚2𝜔2𝑐2)
1 2⁄    (3) 

For  frequency response this equation reduces to 

−𝑖𝜔𝛾0𝑣 = −
𝑒𝐸⃗ 

𝑚
+ 𝑣 × 𝜔⃗⃗ 𝑐𝑜  

giving 

𝑣 = −
𝑒(𝑖𝜔𝐸⃗ +𝐸⃗ ×𝜔⃗⃗⃗ 𝑐0 𝛾0)⁄

𝑚𝛾0(𝜔2−𝜔𝑐0
2 𝛾0

2)⁄
    (4)  

where 𝜔⃗⃗ 𝑐0 =
𝑒𝐵⃗ 0

𝑚𝑐
  and 𝛾 ≅ 1 + |𝑣|2 4𝑐2⁄  

The permittivity tensor that it is composed of the 

following components [28]: 

𝜀𝑥𝑥 = 1 −
𝜔𝑝

2

(𝜔2−𝜔𝑐
2)

   (5) 

𝜀𝑥𝑥 = 𝜀𝑦𝑦    (6) 

𝜀𝑥𝑦 = 𝑖
𝜔𝑝

2

𝜔
(

𝜔𝑐

𝜔2−𝜔𝑐
2)   (7) 

𝜀𝑦𝑥 = −𝑖
𝜔𝑝

2

𝜔
(

𝜔𝑐

𝜔2−𝜔𝑐
2)   (8) 

The intensity-dependent dielectric constant of the 

plasma is given by: 

𝜀 = 𝜀0 + 𝜙⁡(𝐸𝑧𝐸𝑧
∗)   (9) 

where   

𝜙 =
𝜔𝑝0

2

𝜔2 (1 −
1

(1+
𝑒2𝐸0

2

𝑚2𝜔2𝑐2
)

1 2⁄ )  (10) 

The effective non-linear permittivity may be 

determined by using the following formula: 

𝜀 = 𝜀𝑓 + 𝛽
𝑟2

𝑟0
2    (11) 

where the values of εf and β are given by the following 

relationships: 

𝜀𝑓 = 1 −
ωp0

2

ω2 [1 +
αA00

2

𝑓2 ]
−

1

2
   (12) 

𝛽 = −
ωp0

2

𝛾ω2 [
𝜔c0

2

𝜔2 +
αA00

2

2𝛾2𝑓4]   (13) 

 

3. Relativistic Self-focusing  

We study the possibility of propagating a high-

energy q-Gaussian laser beam within a collisionless 

plasma, along the z-direction. The initial intensity 

distribution of the beam is determined by [28]:  

𝐸0𝐸0
∗ = 𝐴00

2   [1 +
𝑟2

𝑞𝑟0
2]

−𝑞

   (14) 



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3, July-September 2024, pp. 529-534 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   531 

The wave equation is the prevailing equation that 

governs the electric field of a laser beam in a plasma 

[28]: 

∇2E0 − ∇(∇ ⋅ 𝐸⃗ 0) +
𝜔0

2

𝐶2 𝜀0̂ ⋅ 𝐸⃗ 0) = 0  (15) 

The symbol 𝜀0̂ is the permittivity tensor. When an 

electric field is given by: 

𝐸⃗ 0 = 𝐴 (𝑥, 𝑦, 𝑧) exp{𝑖(𝜔0𝑡 − 𝑘0𝑧)}   (16) 

 𝐴 (𝑥, 𝑦, 𝑧)⁡represents the laser beam's amplitude field 

which a function of (x,y,z). Continuing with this 

assumption, 𝐴 (𝑥, 𝑦, 𝑧)⁡might vary as: 

𝐴 (𝑥, 𝑦, 𝑧) = 𝐴 0⁡⁡exp⁡{−𝑖𝑘0𝑆0(𝑥, 𝑦, 𝑧)} (17)  

For a q-Gaussian beam 𝐴 0 and 𝑆0 are defined as 

follows: 

𝐴0
2(𝑟, 𝑧) =

𝐴00
2  

𝑓2(𝑧)
[1 +

𝑟2

qr0
2𝑓2(𝑧)

]
−𝑞

  (18)  

𝑆0 =
1

2
𝑟2 1

𝑓

𝑑𝑓

𝑑𝑧
+ Φ0(z)   (19)   

In this context, 𝑓 stands for the beam width and 

⁡𝑟0 is the spot size parameter. After dividing the real 

and imaginary parts of the resultant formula, the 

following set of equations is formed by inserting Eq. 

(18) into Eq. (15). Additionally, in Eq. (15), the actual 

part is: 

2
𝜕𝑆

𝜕𝑧
+ (

𝜕𝑆

𝜕𝑟
)2 =

1

𝑘2𝐴20
(
𝜕2𝐴20

𝜕𝑟2 +
1

𝑟

𝜕𝐴20

𝜕𝑟
) +

𝜔2𝜀

𝑐2𝑘2 (20) 

The equation controlling the bandwidth parameter 

f is obtained using Eqs. (4) and (7) in Eq. (6). In 

addition, the⁡𝑟2 coefficient equation is used on both 

sides of the derived formula: 

𝑑2𝑓

𝑑𝜁2 =
1

𝑓3 (
𝑞+2

𝑞
) +

𝜔2𝑟0
2

𝑐2 (−
𝜔𝑝0

2

𝛾𝜔2 [
𝜔c0

2

𝜔2 +
αA00

2

2𝛾2𝑓4]) 𝑓  (21) 

The fourth-order Runge-Kutta method was used 

to solve Eq. (21), which describes the laser and 

plasma parameters at variable levels. The problem is 

that an analytical solution is not possible. The vacuum 

wavelength of the laser beam is determined as 1.053 

µm, and the original laser radius is 𝑟0 = 10 µm due to 

the intensity of the laser beam (I=1018 W/cm2). 

Figure (1) shows, for different values of the q-

parameter, the changes in the laser beamwidth 

parameter f concerning the normalized propagation 

distance ξ. For instance, self-focusing becomes more 

effective as q increased. 

Figures (2) and (3) show how f changes with ζ , where 

figure (2) shows the relation when q=10 for four 

different values of 𝜔p0
2 𝜔2⁄ . From the figure, we see 

that increasing 𝜔p0
2 𝜔2⁄  leads to improved self-

focusing, which reduces the self-focusing length. We 

also note that increasing the plasma density increases 

the power and speed of self-focusing. 

Figure (3) shows how the beamwidth parameter 

changes with propagation distance for the parameters 

𝜔p0
2 𝜔2⁄ = 0.02⁡and 𝛼𝐴00

2 = 1.2⁡and 𝑞 = 10. When 

the laser beam is stronger, the self-focus increases. In 

this case, the self-focus length decreases with the 

propagation distance due to the increasing value of 

the magnetic field. When the magnetic field is 

stronger, the self-focusing length becomes shorter 

than the previous form. The focus effect also becomes 

more intense. 

 

 
Fig. (1) Effect of the q value on the graph between of the beam 

width of the laser beam with propagating distance through the 

plasma for the fixed value of the 𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ =

𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏.𝟐 

 

 
Fig. (2) Effect of the plasma density on the graph between of 

the beam width of the laser beam with propagating distance 

through the plasma for the fixed value of the 𝒒 =
𝟏𝟎,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 

 

 
Fig. (3) Effect of the magnetic field on the graph between of the 

beam width of the laser beam with propagating distance 

through the plasma for the fixed value of the 𝒒 =
𝟏𝟎,𝝎𝒑𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 
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4. Stimulated Raman Scattering 

In plasma, electron waves arise with frequencies 

(ω) and wavenumbers (k). When these waves interact 

with a powerful laser beam, SRS waves are emitted 

with frequencies (𝜔𝑠) and wavenumbers (𝑘𝑠), which 

can be represented by the relations 𝜔𝑠 = 𝜔 − 𝜔0 and 

𝑘𝑠 = 𝑘 − 𝑘0. Nonlinear interactions between the SRS 

wave and the laser wave led to attenuation of the laser 

wave. 

The relations 𝜔𝑠 = 𝜔 − 𝜔0 and 𝑘𝑠 = 𝑘 − 𝑘0 may 

be used to express the frequencies ωs and 

wavenumbers ks of the SRS waves that are produced 

when these waves come into contact with a strong 

laser beam. Laser wave attenuation results from 

nonlinear interactions between SRS and laser waves. 

The travelling and consumed lasers are described by 

the wave equations with the following frequencies 

(𝜔𝑑) and wavenumbers (𝑘𝑑): 

∇2𝐸⃗ 𝑑 +
𝜔𝑑

2

𝑐2 (1 −
𝜔𝑝0

2

𝛾𝜔𝑑
2) 𝐸⃗ 𝑑 +

𝑖𝑒2𝜔𝑝
2𝑘|𝐸⃗ 𝑠𝐸⃗ 𝑠

∗|𝐸⃗ 𝑑

16Γ𝑒𝑚0
2𝛾3𝑐2𝜔𝑑𝜔𝑠

2 = 0 (22)  

and 

∇2𝐸⃗ 𝑠 +
𝜔𝑠

2

𝑐2 (1 −
𝜔𝑝

2

𝛾𝜔𝑠
2) 𝐸⃗ 𝑠 +

𝑖𝑒2𝜔𝑝
2𝑘2|𝐸⃗ 𝑑𝐸⃗ 𝑑

∗ |𝐸⃗ 𝑠

16Γ𝑒𝑚0
2𝛾3𝑐2𝜔𝑠𝜔𝑑

2 = 0  (23)  

where 

𝐸⃗ 𝑑 = 𝐸⃗ 𝑑0 exp(𝑖{𝜔𝑑𝑡 − 𝑘𝑑[𝑧 + 𝑆𝑑]})) (24) 

𝐸⃗ 𝑠 = 𝐸⃗ 𝑠0exp⁡(𝑖{𝜔𝑠𝑡 − 𝑘𝑠[𝑧
′ + 𝑆𝑠]})) (25) 

In this equation, Γ𝑒 is the damping coefficient and 

the other variables have the same usual meaning. 

After entering these values into Eqs. (24) and (25) 

into Eq. (22), and by separating the real and 

imaginary parts, we obtain a set of related equations. 

The equation gives us: 

2
∂𝑆𝑑

∂𝑧
+ (

∂𝑆𝑑

∂𝑟
)
2

=
𝜔𝑑

2𝜀𝑑

𝑐2𝑘𝑑
2 +

1

𝑘𝑑
2𝐸𝑑0

(
∂2𝐸𝑑0

∂𝑟2 +
1

𝑟

∂𝐸𝑑0

∂𝑟
)   (26) 

where 

𝐸𝑑00
2 (𝑟, 𝑧) =

𝐸𝑑20
2  

fd
2(𝑧)

[1 +
𝑟2

qr0
2fd

2(𝑧)
]
−𝑞

𝑒−2𝑙𝑑𝑧 (27) 

𝑆𝑑0 =
1

2
𝑟2 1

𝑓𝑑

𝑑𝑓𝑑

𝑑𝑧
+ Φ𝑑(z)   (28) 

𝐸𝑠00
2 (𝑟, 𝑧) =

𝐸𝑠20
2  

fs
2(𝑧)

[1 +
𝑟2

qr0
2fs

2(𝑧)
]
−𝑞

𝑒−2𝑙𝑠𝑧
′
 (29) 

By substituting Equations 27 and 28 into Equation 

26, one gets the following equation: 
𝑑2𝑓𝑑

𝑑𝜉2 =
𝑞2

𝑘2𝑓𝑑
3(𝑟2 𝑓𝑑

2⁄ +𝑞r0
2)2

+
α𝐸𝑑20

2 𝜔𝑝
2

𝑐2𝑓𝑑
3𝑘2r0

2 𝑒−2𝑙𝑑𝑧 (30) 

where 𝑓𝑑 and 𝐸𝑑0 represnts beam width and real 

function of depletion laser beam, respectively 

Additionally, the variation of ES0 is presumed to 

be: 

𝐸𝑠0 = 𝐸𝑠00exp⁡{−𝑖𝑘𝑠𝑆𝑠}   (31) 

By similar way to get Eq. (31) and assuming that:  

𝑆𝑠0 =
1

2
𝑟2 1

𝑓𝑠

𝑑𝑓𝑠

𝑑𝑧
+ Φ𝑠(z

′)   (32) 

and, by separating into real part and imaginary part, 

one gets the real part as: 

2
∂𝑆𝑠

∂𝑧′ + (
∂𝑆𝑠

∂𝑟
)
2

=
𝜔𝑠

2𝜀𝑠

𝑐2𝑘𝑠
2 +

1

𝑘𝑠
2𝐸𝑠0

(
𝜕2𝐸𝑠0

𝜕𝑟2 +
1

𝑟

𝜕𝐸𝑠0

𝜕𝑟
)  (33) 

Substituting Eqs. (29-32) into Eq. (33), and by 

equating the coefficients of the variable 𝑟2 on the two 

equation sides, one gets the subsequent equation: 

𝑑2𝑓𝑠

𝑑𝜉′2 =
1

𝑓𝑠
3 (

𝑞+2

𝑞
) +

𝜔2𝑟0
2

𝑐2 (−
𝜔𝑝0

2

𝛾𝜔2 [
𝜔c0

2

𝜔2 +

αA00
2

2𝛾2f𝑠
4]) 𝑓𝑠𝑒

−2𝑙𝑠𝑧
′
   (34) 

where 

𝑙𝑠 =
−𝑒2𝜔𝑝

2𝑘2|𝐸𝑑0|𝑟=0
2

32𝑚0
2𝛾0

3Γ𝑒𝑐𝜔𝑠
2𝜔𝑑

2𝜀𝑠

1
2

   (35) 

The function 𝐴𝑑 ⁡is a complex function that is 

dependent on spatial variables. Additionally, it is 

assumed that the variation of 𝐴𝑑⁡is: 

𝐸𝑑0 = 𝐸𝑑00exp⁡{−𝑖𝑘𝑑𝑆𝑑}   (36) 

Equation (35) was also solved using numerical 

methods. Figure (4) shows the relationship between 

the stimulated Raman scattering and the beamwidth 

when the q values are changed. It is observed that 

when q values are less than 3, defocus occurs. 

 

 
Fig. (4) Effect of the q value on the beam width parameter of 

the laser beam propagating through the plasma for the fixed 

value of the 𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 

 

Figures (5) shows how the plasma density and 

magnetic field affects the SRS back scattered of the 

laser beam. We note that the self-focusing range SRS 

back scattered of the laser beam improves as the 

plasma density and magnetic field increases. In Fig. 

(6), because the laser beam experiences a lower 

refractive index in the deeper parts of the plasma 

when the magnetic field is applied, and it helps 

increase the focus range of the laser beam. 

The integrated reflectivity is the ratio between 

integrated of scatter power to integrated of input 

power: 

𝑅 =
𝐸𝑠20

2

𝐴00
2

𝑟𝑠0

𝑟0
𝑒−𝑙𝑠𝜁     (37)  

By using Eq. (37), as shown in figures (7-9), the 

integrated reflection with distance ξ. In Fig. (7), 

maximum back reflection occurs when the central 

laser beam is aligned with the centers of the q-

Gaussian beam. It was also observed that the 

reflectivity decreases as the value of q in the array 

increases, because the density of q-Gaussian 

decreases as the beam size increases. 
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Fig. (5) Effect of the plasma density on the graph between back 

SRS and the beam width of the laser beam propagating 

through the plasma for the fixed value of the 𝒒 =
𝟏𝟎,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 

 

 
Fig. (6) Effect of the magnetic field on the graph between back 

SRS and the beam width of the laser beam propagating 

through the plasma for the fixed value of 𝒒 = 𝟏𝟎,𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ =

𝟎. 𝟎𝟐⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏.𝟐 

 

 
Fig. (7) Effect of the q-value on the evolution of the stimulated 

Raman reflectivity of the plasma for the fixed value of the 

𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 

 

Figure (8) shows how reflectivity is affected by 

increasing plasma density. It can be seen that the 

reflectivity decreases as the density increases. This is 

because the plasma becomes more self-concentrated 

as the rate of change of the plasma density increases. 

Figure (9) shows the effect of increasing magnetic 

field on reflectivity. It is shown that the reflectivity 

decreases with increasing magnetic field. This is 

because the self-focusing length becomes shorter as 

the magnetic field strength increases. 

 

 
Fig. (8) Effect of the plasma density on the evolution of the 

stimulated Raman reflectivity of the plasma for the fixed value 

of the 𝒒 = 𝟏𝟎,𝝎𝒄𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎

𝟐 = 𝟏. 

 

 
Fig. (9) Effect of the magnetic field on the evolution of the 

stimulated Raman reflectivity of the plasma for the fixed value 

of the 𝒒 = 𝟏𝟎,𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎

𝟐 = 𝟏. 𝟐 

 

5. Conclusions 

This study addresses the case of SRS when a q-

Gaussian laser beam passes through a magnetized 

plasma. We can say that the relative self-focus of the 

scattered beam decreases a lot when the laser beam is 

close to the ideal Gaussian shape. In addition, the 

focus length becomes shorter because the scattered 

energy is proportionally reduced. When q, plasma 

density and magnetic field increase, the fluctuations 

in the SRS also increase and improve. The reflectivity 

of SRS is also affected by increasing the q value, 

plasma density, and magnetic field, as it decreases as 

these parameters increase. 
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