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The present problem investigates Stimulated Raman Scattering of high-power beam in Collisional magnetoplasma. The laser beam 
has two propagation modes viz. extraordinary and ordinary modes, while its transition along the direction of static magnetic fields. 
The carrier redistribution affected due to modification in static magnetic field. The carrier redistribution will take place due to non-
uniform heating, which results in variation in density profile in a transverse direction to axis of main beam. This density profile 
further causes modification in all the three waves involved in the process viz. incident beam, electron plasma wave and scattered 
wave. Here, 2nd order ODE for beam waists of pump beam, EPW and back-scattered wave and also expression for reflectivity will be 
obtained and further their numerical simulations will be carried out in order to explore impact of change in laser and plasma 
parameters and also externally applied magnetic field on beam waists of various waves and on SRS back-reflectivity. 
Keywords: Stimulated Raman Scattering; Static magnetic field; Non-uniform heating; Scattered Wave; Back-reflectivity 
PACS: 52.38.Hb, 52.35.Mw, 52.38.Dx 

1. INTRODUCTION
New developments in laser technology resulted in generation of laser beams of small duration having peak power 

up to petawatt range are available [1, 2]. Researchers are interested in exploring lasers interaction with plasma medium 
as a result of its diverse applications such as particle acceleration, laser driven fusion and new radiation sources [3-8]. 
Much deeper lasers transition through plasmas is chief concern in accomplishing success in these applications. Further, 
laser-plasma interaction generates various instabilities such as self-focusing, scattering instabilities, harmonic 
generation and two plasmon decay [9-22]. The laser energy is not properly transferred to plasma medium due to these 
instabilities [23]. The coupling efficiency between lasers and plasma can be improved by controlling these instabilities. 
Self-focusing and Scattering instabilities play crucial role in laser driven fusion. In Self-focusing, laser beam transition 
through plasmas results in change in plasma’s refractive index [24]. The density gradient created in plasmas is main 
cause behind self-focusing. There is rise in beam’s irradiance due to self-focusing. Self-focusing causes variation in 
beam’s angular divergence. [25]. SRS causes the breaking of main beam in to electron plasma wave (EPW) and 
scattered wave. SRS causes reduction in amount of laser energy transferred to plasma target. Excited EPW due to SRS 
has phase velocity equivalent to light’s speed.  It could in fact accelerate electrons that can preheat fusion fuel and 
reduce implosion efficiency.  There is major effect of focusing of beam on SRS back-reflectivity [26]. The reduction in 
laser-plasma coupling efficiency is found due to both self-focusing and SRS. It is essential to have some control on 
these instabilities for success of inertial confinement fusion. Researchers have investigated Self-focusing and Scattering 
instabilities of intense laser pulses in plasmas in the past [27-34]. Barr et al. [35] investigated that SRS growth rate is 
greatly affected due to self-focusing. Short et al. [36] investigated effect of self-focusing on SRS instability in laser 
driven plasmas. In their investigation, they find that self-focusing greatly enhances SRS growth rate. The novel method 
has been proposed for control of SRS and electron production by Dodd and Umstadter [37]. Kalmykova and Shvets 
have explored SRS of laser radiation in deep plasma channels [38]. They explored that there is great reduction in 
growth rate of SRS on account of localization of EPW. The impact of beam irradiance and electron temperature on SRS 
growth rate has been explored with Kirkwood et al. [39]. The impact of filamentation of beam on SRS has been 
explored using non-paraxial approach by using Sharma et al. [40]. The impact of filamentation of beam on EPW and 
SRS back-reflectivity has been explored by Purohit et al. [41]. Singh and Walia [42] investigated effect of self-focusing 
on SRS and observed that focusing tendency of waves involved enhances SRS back-reflectivity. Rawat et al. [43] 
explored joint action of relativistic-ponderomotive forces on ring rippled beam transition in unmagnetized plasma and 
its effect on SRS. In their case, SRS back-reflectivity is greatly reduced at larger intensities. Sharma et al. [44] explored 
SRS of dark hollow Gaussian beam in unmagnetized plasma. They found that there is focusing tendency and scattered 
power are decreased with increment in hollow Gaussian beam’s order. In fact, it has been revealed from the literature 
that various beam profiles have been used for exploring self-focusing and SRS [45-57]. But, impact of self-focusing on 
SRS has not been investigated yet in cylindrical Gaussian beams in collisional magnetized plasma. So, in present work, 
we are investigating for first time impact of self-focusing of Gaussian laser beams in collisional magnetized plasma. 
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EPW (𝜔, 𝑘) interacts with main beam (𝜔଴,𝑘଴) to produce scattered wave (𝜔଴ − 𝜔, 𝑘଴ − 𝑘). The case of backscattering 
for 𝑘 ≈ 2𝑘଴ is considered in present case. The carrier’s redistribution take place due to non-uniform heating thereby 
causing self-focusing. There is modification in dispersion relation connected with EPW and hence EPW also gets self-
focused under suitable boundary conditions. Irradiance associated with scattered wave is directly proportional to 
irradiance related with main wave and EPW. So, self-focusing results in improvement in back-scattering.   
 

2. SOLUTION OF WAVE EQUATION FOR PUMP WAVE 
The laser beam having Gaussian profile is assumed to be propagating along z-axis. The direction of static 

magnetic field is also along z-axis.  There are basically two transition modes viz. extraordinary mode and ordinary 
mode. The RH circularly polarized beam is described by extra-ordinary mode while LH circularly polarized beam is 
described by ordinary mode.  

 𝐴ଵ = 𝐸௫ + 𝑖𝐸௬ (1) 

 𝐴ଶ = 𝐸௫ − 𝑖𝐸௬ (2) 

The field vector ′𝐸′ of beam obeys following wave equation  

 ∇ଶ𝐸 − ∇ሺ∇ ∙ 𝐸ሻ + ఠమ௖మ 𝜖𝐸 = 0 (3) 

In Component form, we can express Eq. (3) as  

 డమாೣడ௭మ + డమாೣడ௬మ − డడ௫ ቀడா೤డ௬ + డா೥డ௭ ቁ = −ఠమ௖మ ሺ𝜖𝐸ሻ௫ (4) 

 డమா೤డ௭మ + డమா೤డ௫మ − డడ௬ ቀడாೣడ௫ + డா೥డ௭ ቁ = −ఠమ௖మ ሺ𝜖𝐸ሻ௬ (5) 

 డమா೥డ௭మ + డమா೥డ௬మ − డడ௭ ቀడாೣడ௫ + డா೤డ௬ ቁ = −ఠమ௖మ ሺ𝜖𝐸ሻ௭ (6) 

Here, we have considered that ሺ∇ ∙ 𝐸ሻ = 0 and further we make use of the assumption that alteration in field along z-
direction is more rapid.  
 
 డா೥డ௭ = − ଵఢ೥ ቀ𝜖௫ డாೣడ௫ + 𝜖௫ డா೤డ௫ + 𝜖௬ డாೣడ௬ + 𝜖௬ డா೤డ௬ ቁ (7) 
 
The term ±𝑖 is multiplied with Eq. (7) and resultant is added to Eq. (4), one can easily get 

 డమ஺భడ௭మ + ଵଶ ቀ1 + ఢబశఢబ೥ቁ ቀ డమడ௫మ + డమడ௬మቁ 𝐴ଵ + ଵଶ ቀ−1 + ఢబశఢబ೥ቁ ቀ డడ௫ + 𝑖 డడ௬ቁଶ 𝐴ଶ + ఠమ௖మ × ሾ𝜖଴ା + 𝜙ାሺ𝐴ଵ𝐴ଵ∗ ,𝐴ଶ𝐴ଶ∗ሻሿ𝐴ଵ = 0 (8) 

 డమ஺మడ௭మ + ଵଶ ቀ1 + ఢబషఢబ೥ቁ ቀ డమడ௫మ + డమడ௬మቁ 𝐴ଶ + ଵଶ ቀ−1 + ఢబషఢబ೥ቁ ቀ డడ௫ − 𝑖 డడ௬ቁଶ 𝐴ଵ + ఠమ௖మ × ሾ𝜖଴ି + 𝜙ିሺ𝐴ଵ𝐴ଵ∗ ,𝐴ଶ𝐴ଶ∗ሻሿ𝐴ଶ = 0 (9) 

Eqs. (8) and (9) are coupled with each other, but there exists a very weak coupling between them. So, one of the term 
can be set equal to zero. Assuming  𝐴ଶ ≈ 0. We can write for Eq. (8) as  

 డమ஺భడ௭మ + ଵଶ ቀ1 + ఢబశఢబ೥ቁ ቀ డమడ௫మ + డమడ௬మቁ 𝐴ଵ + ఠమ௖మ × ሾ𝜖଴ା + 𝜙ାሺ𝐴ଵ𝐴ଵ∗ ,𝐴ଶ𝐴ଶ∗ሻሿ𝐴ଵ = 0 (10) 

In Eq. (10), if we substitute  𝐴ଵ = 𝐴 𝑒𝑥𝑝ሾ𝑖ሺ𝜔𝑡 − 𝑘ା𝑧ሻሿ and further make use of WKB approach, one can get  

 −2𝑖𝑘ା డ஺డ௭ + ଵଶ ቀ1 + ఌబశఌబ೥೥ቁ ቀడమ஺డ௫మ + డమ஺డ௬మቁ + ఠమ௖మ 𝜙ାሺ𝐴𝐴∗ሻ𝐴 = 0 (11) 

In Eq. (11), 𝜀଴ା = 1 − ఠ೛మఠబሺఠబିఠ೎ሻ , 𝜀଴௭௭ = 1 − ఠ೛మఠబమ.  𝜔௣ = ටସగ௡೚௘మ௠  is known as plasma frequency. The nonlinear part of 
the dielectric function for collisional magnetized plasma may be expressed as [58] 

 𝜑ାሺ|𝐴.𝐴∗|ሻ = ఠ೛మఠబ ሺఠబିఠ೎ሻ ൮ 1 − ଶଶା ഀಲ.ಲ∗൬భషഘ೎ഘబ൰మ
൲ (12) 

In Eq. (12), the nonlinear coefficient ′𝛼′ is expressed as α = ଷ଼ ቀெ௠ቁ α଴ with 𝛼଴ = ௘మ଼௠ఠబమ௄ಳ బ். Here, electronic mass, ionic 
mass, Boltzmann constant and plasma equilibrium temperature are expressed as  𝑚, M, 𝐾஻ and 𝑇଴ respectively. Now, 
following [58-59], Eq. (11) has solution given by 



222
EEJP. 4 (2025) Keshav Walia, et al.

 𝐴 = 𝐴଴ሺ𝑟, 𝑧ሻ𝑒ି௜௞బௌሺ௥,௭ሻ (13) 

 𝐴଴ଶ = ாబబమ௙బమ 𝑒𝑥𝑝 ቂ− ௥మ௥బమ௙బమቃ (14) 

 𝑆 = ଵଶ 𝑟ଶ ଵቀଵା ഄ೚ഄ೚೥೥ቁ ଵ௙బ ௗ௙బௗ௭ + 𝛷଴(𝑧) (15) 

 𝑘଴ = ఠబ௖ ඥ𝜀଴ (16) 

In Eq. (15), the symbols ' 𝑆 ' and 𝛷଴(𝑧) denote Eikonal of beam and phase shift respectively. The phase shift analysis is 
not required in current problem. The beam width 𝑓଴ satisfied the following 2nd order differential equation,  

 ௗమ௙ௗ௭మ = ቀ1 + ఌ೚ఌೀ೥೥ቁଶ ଵ௥బర௙బయ௞బమ − ቀ1 + ఌ೚ఌೀ೥೥ቁ ఠ೛మఌ೚ఠబమ ఈாబబమ௥బమ௙య ൮ ቀଵିഘ೎ഘబቁቆଶቀଵିഘ೎ഘబቁమାഀಶబబమ೑మ ቇమ൲ (17) 

In Eq. (17), ‘z’ denotes propagation axis. The boundary condition used in this case is 𝑓 = 1 and ௗ௙ௗ௭ = 0 at z=0. 
 

3. Electron Plasma Wave Excitation 
Nonlinear interaction of EPW and pump wave leads to its excitation.  The excitation process of EPW in collisional 
magnetized plasma can be studied through following standard equations;  
(a) Continuity Equation  

 డேడ௧ + ∇ ∙ (𝑁𝑉) = 0 (18) 

(b) Equation of motion 

 𝑚ቂడ௏డ௧ + (𝑉 ∙ ∇)𝑉ቃ = −𝑒 ቂ𝐸 + ଵ௖ (𝑉 × 𝐵)ቃ − 2𝛤𝑚𝑉 − ఊ೐ே ∇𝑃 (19) 

(c) Poisson’s equation 

 ∇ ∙ 𝐸 = −4𝜋𝑒𝑁 (20) 

In above Eqs., instantaneous electron density, fluid velocity, Landau damping parameter and pressure term are 
expressed by 𝑁, 𝑉, 𝛤,  and 𝑃 respectively. For electron gas  𝛾௘ = 3. Further, by using perturbation analysis and standard 
approach, one can obtain the following equation denoting the change in electron density as  

 డమ௡డ௧మ + 2𝛤 డ௡డ௧ − 3𝑣௧௛ଶ ∇ଶ𝑛 + 𝜔௣ଶ ேబ೐ேబ 𝑛 = 0 (21) 

Following [58-59], Solution of Eq. (21) is shown as  

 𝑛 = 𝑛଴(𝑟, 𝑧)𝑒𝑥𝑝ሾ𝑖(𝜔𝑡 − 𝑘(𝑧 + 𝑆(𝑟, 𝑧)))ሿ (22) 

 𝑛଴ଶ = ௡బబమ௙మ exp ቀ− ௥మ௔మ௙మ − 2𝑘௜𝑧ቁ (23) 

 𝑆 = ଵଶ 𝑟ଶ ଵ௙ ௗ௙ௗ௭ + 𝛷(𝑧) (24) 

 𝜔ଶ = 𝜔௣ଶ ேబ೐ேబ + 3𝑘ଶ𝑣௧௛ଶ  (25) 

In above Eqs., 𝑘,  𝜔 and 𝑆 are for wave vector, angular frequency and Eikonal for the EPW. Here, 𝑘௜ is damping factor 
and  ′𝑓′  denotes beam width of EPW and 2nd order ODE satisfied by it is expressed as 

 ௗమ௙ௗ௭మ = ଵ௞మ௔ర௙య − ఠ೛మ௙ଷ௞మ௩೟೓మ ఈாబబమଶ௥బమ௙బర ൮ ቀଵିഘ೎ഘబቁቆଶቀଵିഘ೎ഘబቁమାഀಶబబమ೑మ ቇమ൲ (26) 

Here, the boundary condition used is 𝑓 = 0 and ௗ௙ௗ௭ = 0 at 𝑧 = 0 
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4. Stimulated Raman Scattering 
The total field vector 𝐸் is expressed as sum of fields of main wave  𝐸 and scattered wave  𝐸௦. i.e. 

 𝐸் = 𝐸 exp(𝑖𝜔଴𝑡) + 𝐸௦ exp(𝑖𝜔௦𝑡) (27) 

Now, field vector 𝐸் satisfies following wave equation 

 ∇ଶ𝐸் − ∇(∇ ∙ 𝐸்) = ଵ௖మ డమா೅డ௧మ + ସగ௖మ డ௃೅డ௧  (28) 

Here, 𝐽் is known as total current density. One can equate the scattered frequency terms to obtain following differential 
equation  

 ∇ଶ𝐸௦ + ఠೞమ௖మ ቂ1 − ఠ೛మఠೞమ ேబ೐ఊேబቃ 𝐸௦ = ቂ ఠ೛మఠೞ௡∗ଶ௖మఠబேబቃ 𝐸௜ − ∇(∇ ∙ 𝐸௜) (29) 

Eq. (29) has solution given by  

 𝐸௦ = 𝐸௦଴(𝑟, 𝑧)𝑒ା௜௞ೞబ௭ + 𝐸௦ଵ(𝑟, 𝑧)𝑒ି௜௞ೞభ௭ (30) 

Where 𝑘ௌ଴ଶ = ఠೄమ௖మ ൤1 − ఠ೛మఠೄమ൨ = ఠೞమ௖మ 𝜖ௌ଴, with 𝜔ௌ = 𝜔଴ − 𝜔 and 𝑘ௌଵ = 𝑘଴ − 𝑘. 
Now, substituting Eq. (30) in Eq. (29), one can obtain  

 −𝑘ௌ଴ଶ 𝐸ௌ଴ଶ + 2𝑖𝑘ௌ଴ డாೄబడ௭ + ቀడమாೄబడ௥మ + ଵ௥ డாೄబడ௥ ቁ + ఠೄమ௖మ ൤𝜖ௌ଴ + ఠ೛మఠೄమ ቀ1 − ேబ೐ேబ ቁ൨ 𝐸ௌ଴ = 0 (31) 

 −𝑘ௌଵଶ 𝐸ௌଵଶ + 2𝑖𝑘ௌଵ డாೄభడ௭ + ቀడమாೄభడ௥మ + ଵ௥ డாೄభడ௥ ቁ + ఠೄమ௖మ ൤𝜖ௌ଴ + ఠ೛మఠೄమ ቀ1 − ேబ೐ேబ ቁ൨ 𝐸ௌଵ = ଵଶ ఠ೛మ௖మ ௡∗ேబ ఠೄఠబ 𝐸଴𝑒𝑥𝑝(−𝑖𝑘଴𝑆଴) (32) 

Now, solution of Eq. (32) is written as 

 𝐸ௌଵ = 𝐸ௌଵᇱ (𝑟, 𝑧)𝑒ି௜௞బௌబ (33) 

 
Now, put Eq. (33) in Eq. (32) and ignoring space derivatives 

 𝐸ௌଵᇱ = −ଵଶ ఠ೛మ௖మ ௡∗ேబ ఠೞఠబ ா෠ாబቈ௞ೞభమ ି௞ೞబమ ିഘ೛మ೎మ ቀଵିಿబ೐ಿబ ቁ቉ (34) 

Following [58-59], Eq. (31) has solution denoted as 

 𝐸ௌ଴ = 𝐸ௌ଴଴𝑒௜௞ೄబௌ೎ (35) 

 𝐸ௌ଴଴ଶ = ஻భమ௙ೄమ 𝑒𝑥𝑝 ቂ− ௥మ௕మ௙ೞమቃ (36) 

 𝑆௖ = ଵଶ 𝑟ଶ ଵ௙ೄ ௗ௙ೄௗ௭ + 𝛷ௌ(𝑧) (37) 

In Eq. (36), initial beam radius for scattered wave is denoted by 𝑏 and beam width of scattered wave is represented 
by 𝑓௦ and 2nd order ODE satisfies by it is represented as 

 ௗమ௙ೞௗ௭మ = ଵ௞ೞబమ ௕ర௙ೞయ − ఠ೛మఠೄమఌೞబ ఈாబబమ ௙ೞଶ௥బమ௙బర ൮ ቀଵିഘ೎ഘబቁቆଶቀଵିഘ೎ഘబቁమାഀಶబబమ೑మ ቇమ൲ (38) 

The boundary condition used in present case is 𝑓௦ = 0 and ௗ௙ೞௗ௭ = 0 at 𝑧 = 0. 
 

5. Back-reflectivity 
From Eq. (23), we find that EPW is damped as it transits through z-axis. So, scattered wave amplitude is decreased 

with increase in z. The boundary condition used is  

 𝐸௦ = 𝐸௦଴(𝑟, 𝑧)𝑒ା௜௞ೞబ௭ + 𝐸௦ଵ(𝑟, 𝑧)𝑒ି௜௞ೞభ௭ = 0 (39) 
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at 𝑧 = 𝑧௖. At 𝑧 = 𝑧௖, scattered wave amplitude becomes zero. 

 𝐵ଵ = ఠ೛మఠೞேబబଶ௖మఠబேబ ாబబ௘ష೔ೖ೔೥೎ቈ௞ೞభమ ି௞ೞబమ ିഘ೛మ೎మ ቀଵିಿబ೐ಿబ ቁ቉
௙ೞ(௭೎)௙ೞ(௭೎)௙(௭೎) ୣ୶୮ (ି௜(௞బௌబା௞ೞభ௭೎))ୣ୶୮ (ା௜(௞ೞబௌ೎ା௞ೞబ௭೎)) (40) 

With the condition that  ଵ௕మ௙ೞమ = ଵ௔మ௙మ + ଵ௥బమ௙బమ .   Now, SRS back-reflectivity is expressed as,
 

 𝑅 = ଵସ ቀఠ೛మ௖మ ቁଶ ቀఠೞఠబቁଶ ቀேబబேబ ቁଶ (௅భି௅మି௅య)
⎣⎢⎢
⎢⎡௞ೞభమ ି௞ೞమమ ିഘ೛మ೎మ ⎝⎜

⎛ଵି ൬భషഘ೎ഘబ൰ቆమ൬భషഘ೎ഘబ൰మశഀಶబబమ೑మ ቇమ⎠⎟
⎞
⎦⎥⎥
⎥⎤మ (41) 

Where 𝐿ଵ = ቀ ௙ೞ௙బ௙ቁ௭ୀ௭೎ଶ ଵ௙ೞమ 𝑒𝑥𝑝 ቀ−2𝑘௜𝑧௖ − ௥మ௕మ௙ೞమቁ, 

𝐿ଶ = −2 ቀ ௙ೞ௙బ௙ቁ௭೎ ଵ௙௙బ௙ೞ 𝑒𝑥𝑝 ൬− ௥మଶ௕మ௙ೞమ − ௥మଶ௔మ௙మ − ௥మଶ௥బమ௙ೞమ൰ 𝑒𝑥𝑝(−𝑘௜(𝑧 + 𝑧௖))𝐶𝑜𝑠(𝑘௦଴ + 𝑘௦ଵ)ሾ𝑧 − 𝑧௖ሿ,  𝐿ଷ = ଵ௙మ௙బమ 𝑒𝑥𝑝 ൬− ௥మ௔మ௙మ − ௥మ௥బమ௙ೞమ − 2𝑘௜𝑧௖൰. 

 
6. DISCUSSION 

Eqs. (17), (26), (38) and (41) can’t be solved analytically. So, RK4 method is used for doing their numerical 
calculations for the following well-established parameters;  𝛼𝐸଴଴ଶ = 3.0, 4.0, 5.0 ; ఠ೛మఠబమ = 0.10, 0.15, 0.20 ; ఠ೎ఠబ = 0.04, 0.08 and 0.12 

Eqs. (17), (26) and (38) are the 2nd order ODE representing the focusing/defocusing behavior of main beam, EPW 
and scattered wave as they transit inside plasma. In each equation, two terms are present on RHS of each equation. 1st 
term being diffractive term, while 2nd term being nonlinear refractive term. When 1st term is dominating, then 
defocusing of beams take place. When 2nd term is dominating, then focusing of beam takes place. It must also be noted 
that there is always change in relative magnitudes of these terms with propagation distance. All the equations have been 
numerically solved using RK4 method.  

Figures 1, 2 and 3 denote variation of beam widths 𝑓଴ , 𝑓 and 𝑓௦ with dimensionless propagation distance 𝜂(=𝑧/𝑘଴𝑟଴ଶ). Here, only change in beam intensity parameter 𝛼𝐸଴଴ଶ  is considered whereas other parameters are kept fixed. 
Here, 𝛼𝐸଴଴ଶ = 3.0, 4.0 and 5.0 are denoted by Black, Green and Red curves. The focusing tendency of various beams 
involved is decreased with increase in beam intensity 𝛼𝐸଴଴ଶ  as a result of supremacy of divergence term over converging 
term with rise in 𝛼𝐸଴଴ଶ  parameter. The refractive index gets reduced with rise in 𝛼𝐸଴଴ଶ  parameter thereby weakening 
beam focusing.  

Figures 4, 5 and 6 denote variation of beam widths 𝑓଴ , 𝑓 and 𝑓௦ with dimensionless propagation distance 𝜂(=𝑧/𝑘଴𝑟଴ଶ). Here, only change in plasma density parameter ఠ೛మఠబమ is considered whereas other parameters are kept fixed. 

Here, ఠ೛మఠబమ = 0.10, 0.15, 0.20  are denoted by Black, Green and Red curves. The focusing tendency of various beams is 

increased with increase in plasma density ఠ೛మఠబమ as a result of supremacy of converging term over diffraction term with rise 

in ఠ೛మఠబమ parameter. The refractive index gets enhanced with rise in ఠ೛మఠబమ parameter thereby strengthening beam focusing. 
Figures 7, 8 and 9 denote variation of beam widths 𝑓଴ , 𝑓 and 𝑓௦ with dimensionless propagation distance 𝜂(=𝑧/𝑘଴𝑟଴ଶ). Here, only change in cyclotron frequency parameter ఠ೎ఠబ is considered whereas other parameters are kept fixed. 

Here, ఠ೎ఠబ = 0.04, 0.08 and 0.12  are denoted by Black, Green and Red curves. The focusing tendency of various beams 

involved is increased with increase in cyclotron frequency ఠ೎ఠబ as a result of supremacy of converging term over 

diffraction term with rise in ఠ೎ఠబ parameter. The refractive index gets enhanced with rise in ఠ೎ఠబ  parameter thereby 
strengthening beam focusing.  

Figure 10 denotes variation of SRS back-reflectivity with dimensionless propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, 
only change in beam intensity parameter 𝛼𝐸଴଴ଶ  is considered whereas other parameters are kept fixed. Here, 𝛼𝐸଴଴ଶ =
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3.0 and 5.0 are denoted by Blue and Red curves. SRS back-reflectivity is found to decrease with increase in laser 
intensity 𝛼𝐸଴଴ଶ . The reason behind it is that SRS back-reflectivity is directly linked with focusing tendency of waves 
involved. Since, focusing tendency of waves is decreased with rise in laser intensity 𝛼𝐸଴଴ଶ . So, SRS back-reflectivity is 
decreased accordingly.  

  
Figure 1. Variation of beam width 𝑓଴ with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, 𝛼𝐸଴଴ଶ =3.0, 4.0 and 5.0 are denoted by Black, Green and Red curves 

Figure 2. Variation of beam width 𝑓 with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, 𝛼𝐸଴଴ଶ =3.0, 4.0 and 5.0 are denoted by Black, Green and Red curves 

  
Figure 3. Variation of beam width 𝑓௦ with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, 𝛼𝐸଴଴ଶ =3.0, 4.0 and 5.0 are denoted by Black, Green and Red curves 

Figure 4. Variation of beam width 𝑓଴ with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, ఠ೛మఠబమ =0.10, 0.15, 0.20  are denoted by Black, Green and Red curves 

  

Figure 5. Variation of beam width 𝑓 with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, ఠ೛మఠబమ =0.10, 0.15, 0.20  are denoted by Black, Green and Red curves 

Figure 6. Variation of beam width 𝑓௦ with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, ఠ೛మఠబమ =0.10, 0.15, 0.20  are denoted by Black, Green and Red curves 

Figure 11 denotes variation of SRS back-reflectivity with dimensionless propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, 
only change in plasma density ఠ೛మఠబమ  is considered whereas other parameters are kept fixed. Here, ఠ೛మఠబమ = 0.10 and  0.20  
are denoted by Blue and Red curves respectively. SRS back-reflectivity is increased with rise in plasma density ఠ೛మఠబమ. The 
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reason behind it is that SRS back-reflectivity is directly linked with focusing tendency of waves involved. Since, 
focusing tendency of waves is increased with rise in plasma density ఠ೛మఠబమ. So, SRS back-reflectivity is increased 
accordingly.  

  
Figure 7. Variation of beam width 𝑓଴ with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, ఠ೎ఠబ =0.04, 0.08 and 0.12  are denoted by Black, Green and Red 
curves 

Figure 8. Variation of beam width 𝑓 with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, ఠ೎ఠబ =0.04, 0.08 and 0.12  are denoted by Black, Green and Red 
curves 

  
Figure 9. Variation of beam width 𝑓௦ with dimensionless 
propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, ఠ೎ఠబ = 0.04,  0.08 and 0.12 are denoted by Black, Green and Red curves 

Figure 10. Variation of SRS back-reflectivity with 
dimensionless propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, 𝛼𝐸଴଴ଶ = 3.0 and 5.0 are denoted by Blue and Red curves 

  
Figure 11. Variation of SRS back-reflectivity with 
dimensionless propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, ఠ೛మఠబమ =0.10 and  0.20  are denoted by Blue and Red curves 
respectively 

Figure 12. Variation of SRS back-reflectivity with 
dimensionless propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, ఠ೎ఠబ =0.04  and 0.12  are denoted by Blue and Red curves 
respectively 

Figure 12 denotes variation of SRS back-reflectivity with dimensionless propagation distance 𝜂(= 𝑧/𝑘଴𝑟଴ଶ). Here, 
only change in cyclotron frequency ఠ೎ఠబ  is considered whereas other parameters are kept fixed. Here, ఠ೎ఠబ =0.04  and 0.12  are denoted by blue and red curves respectively. SRS back-reflectivity is increased with rise in 
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cyclotron frequency ఠ೎ఠబ. The reason behind it is that SRS back-reflectivity is directly linked with focusing tendency of 

waves involved. Since, focusing tendency of waves is increased with rise in cyclotron frequency ఠ೎ఠబ.  So, SRS back-
reflectivity is increased accordingly. 
 

7. CONCLUSIONS 
The present research deals with SRS of high-power beam in Collisional magnetoplasma. The results obtained from 

present problem are as follows:   
(1) Focusing ability of various waves involved is increased with increase in plasma density, cyclotron frequency and 

with decrease in laser intensity. This is due to enhancement in net refractive index gradient, which strengthens 
beam focusing. 

(2) SRS back-reflectivity is increased with rise in plasma density, cyclotron frequency and with decrease in beam 
intensity.  This is due to enhancement in net refractive index gradient, which strengthens beam focusing and 
consequently amplifies SRS back-reflectivity. 

Present results are really helpful in knowing physics of laser driven fusion.  
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ВИМУШЕНЕ КОМБІНАЦІЙНЕ РОЗСІЮВАННЯ ПОТУЖНОГО ПУЧКА У МАГНІТОПЛАЗМІ ІЗ ЗІТКНЕННЯМИ 
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У цій задачі досліджується вимушене комбінаційне розсіювання потужного променя в зіткнювальній магнітоплазмі. 
Лазерний промінь має два режими поширення, а саме: незвичайний та звичайний, під час його переходу вздовж напрямку 
статичних магнітних полів. Перерозподіл носіїв відбувається через модифікацію статичного магнітного поля. Перерозподіл 
носіїв відбувається через неоднорідне нагрівання, що призводить до зміни профілю густини в поперечному напрямку до осі 
основного променя. Цей профіль густини додатково викликає модифікацію всіх трьох хвиль, що беруть участь у процесі, а 
саме: падаючого променя, електронної плазмової хвилі та розсіяної хвилі. Тут будуть отримані ЗДР 2-го порядку для 
перетяжок пучка накачування, електроплівкової хвилі та хвилі зворотного розсіяння, а також вираз для відбивної здатності, 
і далі буде проведено їх числове моделювання, щоб дослідити вплив зміни параметрів лазера та плазми, а також 
зовнішнього прикладеного магнітного поля на перетяжки пучка різних хвиль та на зворотну відбивну здатність ВКР. 
Ключові слова: вимушене комбінаційне розсіювання; статичне магнітне поле; неоднорідний нагрів; розсіяна хвиля; 
зворотна відбивна здатність 


