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In the current study, third-harmonic generation (THG) of a q-Gaussian laser beam propagating through a collisionless plasma is 
investigated. This nonlinear beam profile induces density gradients in the plasma due to the ponderomotive force. These density 
gradients excite electron plasma waves (EPW) at twice the pump wave frequency via Vሬሬ⃗ × Bሬሬ⃗  mechanism. The fundamental pump 
wave and the EPW interact nonlinearly to produce third-harmonic radiation. The nonlinear ODE for the beam waist of the pump 
beam and the THG conversion efficiency expressions are obtained by employing WKB and paraxial approaches. The influence of 
key laser-plasma parameters, including plasma density, beam width, intensity, and q-parameter, on the self-focusing of the main 
beam and the 3rd harmonic efficiency is also analyzed. The results indicate that q-Gaussian beams, due to their higher field 
amplitudes and broader wings than conventional Gaussian beams, can significantly enhance THG in collisionless plasmas. These 
findings provide insights into optimizing harmonic generation in structured laser beams for applications in ultrafast optics, particle 
acceleration, and plasma-based radiation sources.  
Keywords: Collisionless Plasma; Density Gradients; Pump Wave; Electron Plasma Wave; Self-focusing; Third harmonic 
Generation  
PACS: 52.38.Hb, 52.35.Mw, 52.38.Dx 

1. INTRODUCTION
Lasers interaction with plasma medium is an important research topic amongst theoretical/experimental 

researchers in recent decades, owing to their crucial role in inertial confinement fusion (ICF), charged particle 
acceleration and radiation sources [1-6]. During laser-plasma interaction, a wide variety of nonlinear processes, 
including self-focusing, parametric instabilities, self-phase modulation, and harmonic generation, are produced [6-15]. 
Harmonic generation has received significant attention due to its fundamental significance and technological 
applications. The propagation dynamics of the laser beam is strongly influenced by harmonic generation. Harmonic 
generation facilitates beam propagation in overdense regions and supports mode conversion processes. The generation 
of harmonics has been extensively studied in laser-plasma systems [16-21]. Third harmonics generation becomes an 
important nonlinear process for ultra-relativistic laser intensities and structured beams. Mostly the work on harmonic 
generation was explored by considering uniform plane waves. However, actual laser beams have non-uniform spatial 
irradiance profiles and nonlinear processes are greatly triggered by such spatial profiles. Such non-uniform profiles 
exhibit self-focusing/Self-defocusing phenomena. So, they modify overall electric field strength and hence enhance 
efficiency of harmonic production. q-Gaussian beams have higher field amplitude across the wave front in comparison 
to ordinary Gaussian profiles. So, this motivates us to explore third harmonic radiation from q-Gaussian beam in 
plasmas. Researchers interest in laser-plasma interaction extends beyond plasma optics. Because, electron plasma wave 
(EPW) is excited at high frequency during this process. This high frequency plasma wave may result in to production of 
energetic electrons, which can preheat the fusion target and could cause degradation of implosion performance. 
Similarly, high frequency plasma wave transfers energy to charged particles through wave-particle interaction. In this 
process, charged particles acquire extremely high energy thereby causing ultrahigh acceleration gradients. So, in actual 
practice, nonlinear plasma response that generates harmonic radiation also plays key part in such processes.  

Experimental/Theoretical researchers have explored higher harmonic radiations in plasma. Schifano et al. [22] 
explored generation of harmonics in plasma through filamentation process.  

Esarey et al. [23] explored relativistic harmonic radiations in plasma and further the discussed the effect of diffraction 
in forward harmonic emission. The production of harmonics in forward direction has also been explored in underdense 
plasma [24-25]. Ganeev et al. [26] explored production of higher harmonics in plasma plumes and Gupta et al. [27] 
explored third harmonic generation at ultrarelativistic intensities. The use of wiggler magnetic field has been shown to 
significantly enhance THG efficiency by satisfying phase matching conditions [28-31]. Azad et al. explored that Raman-
enhanced nonlinear effects in Hermite-cosh Gaussian beam are found to increase harmonic efficiency in magnetized 
plasmas [32]. Ganeev et al. explored that higher harmonic generation in boron carbide plasmas are found to show 
enhancement over carbon and boron plasmas [33]. Laser pulse critically influences harmonic yield, increasing linearly 
below and decreasing near saturation [34]. R.A. Ganeev explored enhancement of higher harmonics in laser induced 
plasmas [35]. Furthermore, pulse slippage and density transitions have been identified as critical factors influencing THG 
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efficiency [37-39]. It is already quite clear from these observations that third harmonic generations in plasmas are sensitive 
to beam structure, plasma profile, and nonlinear interaction geometry. Recently, a new class of lasers i.e. q-Gaussian lasers 

has been invented. Such beams have intensity irradiance in the form, 𝑓ሺ𝑟ሻ = 𝑓ሺ0ሻ ቀ1 + ௥మ௤௥బమቁି௤. Setting 𝑞−>  ∞ changes 
it to conventional Gaussian beam. There is greater flexibility linked with q-Gaussian profiles on account of tunable q-
parameter. This q-parameter helps them to change their profiles from Gaussian like to Super-Gaussian like forms. Such 
beams also exhibit less divergence thereby enabling improved confinement of optical energy. q-Gaussian beam profiles 
also exhibit reduced power content and broader wings, which makes them suitable candidate in advanced nonlinear plasma 
studies. The researchers have explored numerous plasma instabilities using q-Gaussian laser beams in laser-plasma 
interaction studies, due to their strong nonlinear coupling characteristics [40-44]. The aim of present study is to explore 
THG of q-Gaussian laser beam propagating through collisionless plasma, with particular focus on understanding the roles 
of plasma density gradients and EPW in enhancing THG efficiency. It analyzes how q-parameter, beam width, intensity 
and plasma density affect self-focusing and THG efficiency optimization. The plasma electrons get redistributed as a result 
of ponderomotive force, thereby creating density gradients in plasma. They produce EPW at twice frequency of 
fundamental wave. The nonlinear interaction of EPW excited at 2𝜔 with fundamental wave having frequency 𝜔 produces 
third harmonic generation. The paper is organized as follows: In Section 2, wave equation for q-Gaussian beam in 
collisionless has been derived using paraxial theory. In Section 3, we derived the amplitude of electron plasma wave at 2𝜔 
starting from the fluid equations and further using perturbation analysis and process of linearization. In Section 4, we 
derived the efficiency of 3rd harmonics. Sections 5 & 6 are devoted to discussion of results and conclusion respectively. 

 
2. SOLUTION OF WAVE EQUATION FOR PUMP BEAM 

The current study explores transition of q-Gaussian beam in plasma in z-direction. The beam’s intensity at plane 𝑧 = 0 is represented as  

 𝐸 ∙ 𝐸∗|௭ୀ଴ = 𝐸଴ଶ ቀ1 + ௥మ௤௥బమቁି௤. (1) 

In Eq. (1), 𝐸଴ and 𝑟଴ denote field amplitude and beam radius at 𝑧 = 0. q-Gaussian beam profiles form more generalized 
concept of normal Gaussian profile through q value. Increasing q values make them closer to Gaussian beam profiles. If 
we keep the values of q very low, then we are in a position to produce broader/flatter profiles. For 𝑧 > 0, the beam 
irradiance takes the form  

 𝐸 ∙ 𝐸∗ = ாబమ௙మ ቀ1 + ௥మ௤௥బమ௙మቁି௤ (2) 

In Eq. (2), 𝑓 is a parameter telling us about the contraction/divergence of the beam as it transits through plasma. This 
parameter, known as the beam waist, is related to the equilibrium beam radius. The Wave equation for the pump beam 
is expressed as  

 ∇ଶ𝐸 + ఠమ௖మ 𝜀𝐸 = 0 (3) 

In writing Eq. (3), we just ignored ∇ሺ∇ ∙ 𝐸ሻ term. When we are having transverse waves then, ∇ ∙ 𝐸 = k ∙ 𝐸 = 0, where k is wave vector. Then term ∇ሺ∇ ∙ 𝐸ሻ has also been neglected in present problem considering ௖మఠమ | ଵఌ ∇ଶ ln 𝜀| ≤ 1. The 
alteration in plasma’s dielectric response is observed in course of laser propagation within plasma. The Plasma’s total 
dielectric function is comprising of two parts, i.e.  

 𝜀 = 𝜀଴ + 𝛷(𝐸 ∙ 𝐸∗) (4) 

In Eq. (4), there are two contributions on RHS, ′𝜀଴′ being linear contribution while ′𝛷(𝐸 ∙ 𝐸∗)′ being nonlinear 
contribution. Both these terms are expressed mathematically as  

 𝜀଴ = 1 − ఠ೛మఠమ (5) 

 𝛷(𝐸 ∙ 𝐸∗) = ఠ೛మఠమ ቂ1 − ேబ೐ேబ ቃ (6) 

In the above Eqs. (5) and (6), 𝜔௣ = ටସగ௡௘మ௠  is plasma frequency. ′𝑁଴௘′ and ′𝑁଴′ denote the concentrations of plasma 
electrons in presence/absence of beams. Suppose a beam profile with angular frequency 𝜔 and wave vector 𝑘 is 
transiting along the z-axis in a hot collisionless plasma. During the transition of the laser beam through plasma, the 
nonlinear ponderomotive force induces density variations in plasma. This further changes the plasma density profile in 
the transverse direction as 

 ேబ೐ேబ = 𝑒𝑥𝑝 ቀ− ଷସ 𝛽 ௠ெ 𝐸 ∙ 𝐸∗ቁ (7) 
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In Eq. (7), 𝛽 = ௘మெ଺௄ಳ బ்ఊఠమ௠మ; Where, e, m, M, 𝑇଴ and 𝐾஻ correspond to electronic charge, electronic mass, ionic mass, 
plasma temperature and Boltzmann constant respectively. So, on using Eq. (7), we can write the nonlinear portion for 
collisionless plasma as  

 𝛷(𝐸 ∙ 𝐸∗) = ఠ೛మఠమ ቂ1 − 𝑒𝑥𝑝 ቀ− ଷସ 𝛽 ௠ெ 𝐸 ∙ 𝐸∗ቁቃ (8) 

Now, we will make use of the approach [45-46] to obtain a solution of Eq. (3)  

 𝐸 = 𝐸଴(𝑟, 𝑧) expሾ𝑖(𝜔𝑡 − 𝑘(𝑆 + 𝑧))ሿ (9) 

 𝐸଴ ∙ 𝐸଴∗ = ாబబమ௙మ ቀ1 + ௥మ௤௥బమ௙మቁି௤ (10) 

 𝑆 = ଵଶ 𝑟ଶ ଵ௙ ௗ௙ௗ௭ + 𝛷଴(𝑧) (11) 

 𝑘 = ఠ௖ ඥ𝜀଴ (12) 

Here, 𝑓 is a parameter describing beam waist of q-Gaussian beam and it satisfies 2nd order differential equation as  

 ௗమ௙ௗఎమ = ௤ାସ௤௙య − ቀఠ೛௥బ௖ ቁଶ ቀଷସ 𝛽 ௠ெ 𝐸଴଴ଶ ቁ 𝑒𝑥𝑝 ቂ− ଷସ 𝛽 ௠ெ ாబబమ௙మ ቃ ଵ௙య (13) 

Eq. (13) denotes variation in beam waist with normalized propagation distance as laser beam transition in hot 
collisionless plasma take place. The boundary conditions are 𝑓 = 1 & ௗ௙ௗఎ = 0 at 𝜂 = 0. 
 

3. EXCITATION OF ELECTRON PLASMA WAVE 
We have considered the dynamics of plasma electrons in exploring excitation mechanism of EPW. Since, mass of 

ions is almost 2000 times mass of electrons. So, they will not react to large frequency field and will be treated as fixed 
in their respective position. Moreover, ions don’t play any role in excitation mechanism of EPW. The nonlinear 
ponderomotive force produces density gradients in collisionless plasma, which act as source for EPW. We will start 
from the following Fluid equations in order to derive source term for THZ.  

 డே೐డ௧ + ∇ ∙ (𝑁௘𝑉) = 0 (14) 

 ∇ ∙ 𝐸 = 4𝜋(𝑍𝑁௢௜ − 𝑁௘)𝑒 (15) 

 ௉ ே೐ം = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (16) 

 𝑚ቂడ௏డ௧ + (𝑉 ∙ ∇)Vቃ = −𝑒 ቂ𝐸 + ଵ௖ 𝑉 × 𝐵ቃ − 2𝛤𝑚𝑉 − ఊே೐ ∇𝑃௘ (17) 

Using perturbation analysis and further linearizing the equations, amplitude term in case of EPW is obtained as  

 𝑛ଶఠ(𝑟) = ௘௡బ௠ ாబబ௙ ቀ1 + ௥మ௤௥బమ௙మቁష೜మ ቄ ௥௥బమ௙మቅ ଵ
൝ସఠమି௞మ௩೟೓మ ିఠ೛మቆ௘௫௣ቈିయరఉ೘ಾಶబబమ೑మ ቉ቇమൡ  (18) 

 
4. EFFICIENCY OF THIRD HARMONICS 

Third harmonic radiation is produced through coupling of interaction of amplitude term for EPW 𝑛ଶఠ with 
fundamental beam.  𝐽ଷே௅ = −𝑒𝑛ଶఠ𝑣଴ (19) 

In presence of input field, an electron oscillatory velocity is  

 𝑣଴ = − ௘ாబ௠௜ఠ (20) 

 Hence, 𝐽ଷே௅ = ௘మ௠௜ఠ 𝑛ଶఠ𝐸଴ (21) 

The field vector 𝐸ଷ of THG obeys wave equation  

 ∇ଶ𝐸ଷ + ఠయమ௖మ 𝜀ଷ(𝜔ଷ)𝐸ଷ = −଼గ௜ఠయ௖మ 𝐽ଷே௅ (22) 
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On substituting value of 𝐽ଷே௅ from Eq. (21) in Eq. (22), one can obtain 

 ∇ଶ𝐸ଷ + ఠయమ௖మ 𝜀ଷ(𝜔ଷ)𝐸ଷ = ఠ೛మ௖మ ௡మഘ௡బ 𝐸଴ (23) 

In Eq. (23), 𝜔ଷ = 3𝜔 and 𝜀ଷ are for 3rd harmonic frequency and 3rd harmonic dielectric function respectively. We can 
easily solve Eq. (23) to obtain  

 𝐸ଷ = ఠ೛మ௖మ ௡మഘ௡బ ாబబ୤ ቀ1 + ௥మ௤௥బమ௙మቁష೜మ ଵ(௞యమିଽ௞మ) (24) 

Now, the power of 3rd harmonics is  

 𝑃ଷ = ∬ |𝐸ଷ|ଶ 𝑑𝑥𝑑𝑦 (25) 

The power of fundamental beam is  

 𝑃଴ = ∬ |𝐸଴|ଶ 𝑑𝑥𝑑𝑦 (26) 

The efficiency of 3rd harmonics is expressed as 

 𝑌ଷ = ∬⎝⎜⎜
⎛ഘ೛మ೎మ ೐೘ቌಶబబ೑ ቆଵା ೝమ೜ೝబమ೑మቇ

ష೜మ ቍమቊ ೝೝబమ೑మቋ భቐరഘమషೖమೡ೟೓మ షഘ೛మቆ೐ೣ೛ቈషయరഁ೘ಾಶబబమ೑మ ቉ቇమቑ భ൫ೖయమషవೖమ൯⎠⎟⎟
⎞మ௥ௗ௥ௗ஘

∬ቌಶబబ೑ ቆଵା ೝమ೜ೝబమ೑మቇ
ష೜మ ቍమ௥ௗ௥ௗ஘  (27) 

 
5. DISCUSSION 

The Eqs. (13) and (27) don’t have analytical solution on account of their nonlinear and coupled character. So, 
numerical simulations of these equations are performed by taking established laser and plasma parameters;  𝛼 ቀ= ଷସ 𝛽 ௠ெቁ𝐸଴଴ଶ = 3.0, 4.0, 5.0 ; ఠ೛మఠమ = 0.3, 0.5, 0.7 ; 𝑟଴ = 15 μm, 20 μm, 25 μm, 𝑞 = 1, 2, 3 

Eq. (13) contains two contributions on RHS with each contribution has fundamental physical effect. The first term 
causes spreading of beam as it transits through medium. The second term causes nonlinear self-focusing of beam. So, 
the overall beam response in plasma is decided through interplay between these two opposite mechanisms. If first term 
is stronger, then beam divergence takes place. If second term is stronger, then contraction of beam takes place. When 
these two opposing mechanisms exactly balance each other in magnitude, then beam neither contracts nor diverges. On 
the other hand, beam’s radius remains almost fixed during its transition through plasma medium. This equilibrium state 
so obtained is known as self-trapping, where beam transits through plasma medium without spreading or collapsing.  

Figure 1 illustrates variation of 𝑓 with 𝜂 for three different beam intensities i.e. 𝛼𝐸଴଴ଶ = 3.0, 4.0, 5.0. The curves 
corresponding to 𝛼𝐸଴଴ଶ = 3.0, 𝛼𝐸଴଴ଶ = 4.0, and 𝛼𝐸଴଴ଶ = 5.0 are shown in blue, green and red respectively. It is clear 
from results that increment in 𝛼𝐸଴଴ଶ  parameter reduces tendency of beam to focus. This behavior arises due to reason 
that divergence term becomes more dominant than convergence term at higher 𝛼𝐸଴଴ଶ  parameter. So, there is weakening 
of self-focusing at higher 𝛼𝐸଴଴ଶ .  

Figure 2 illustrates variation of 𝑓 with 𝜂 for three different plasma densities i.e. ఠ೛మఠమ = 0.3, 0.5, 0.7. The curves 

corresponding to ఠ೛మఠమ = 0.3, ఠ೛మఠమ = 0.5, and ఠ೛మఠమ = 0.7 are shown in blue, green and red respectively. It is clear from results 

that increment in ఠ೛మఠమ parameter enhances tendency of beam to focus. This behavior arises due to reason that refractive 

term becomes more dominant than diffraction term at higher ఠ೛మఠమ values. So, there is strengthening of self-focusing at 

higher ఠ೛మఠమ values. 
Figure 3 illustrates variation of 𝑓 with 𝜂 for three different beam radii i.e. 𝑟଴ = 15µ𝑚, 20µ𝑚, 25µ𝑚. The curves 

corresponding to 𝑟଴ = 15µ𝑚, 𝑟଴ = 20 µ𝑚, and 𝑟଴ = 25 µ𝑚 are shown in Blue, Green and Red respectively. It is clear 
from results that increment in 𝑟଴ parameter enhances tendency of beam to focus. This behavior arises due to reason that 
refractive term becomes more dominant than diffraction term at higher 𝑟଴ value. So, there is strengthening of self-
focusing at higher 𝑟଴.  

Figure 4 illustrates variation of 𝑓 with 𝜂 for three different q-values i.e. 𝑞 = 1,2,3, and ∞ . The curves 
corresponding to 𝑞 = 1, 𝑞 = 2, 𝑞 = 3, and 𝑞 = ∞ shown in Blue, Green, Red and Black respectively. It is clear from 
figures that increment in 𝑞 parameter enhances tendency of beam to focus. This is due to increase in intensity 
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localization along axis of beam with rapid increase in q values. So, axial rays start undergoing focusing earlier than off-
axial rays, thereby improving focusing characteristics of beam. For 𝑞 → ∞, the beam profile changes to ordinary 
Gaussian beam, and has less sharply localized intensity thereby reducing nonlinear focusing effect, hence decreasing 
self-focusing compared to finite q values.  

  
Figure 1. Variation of 𝑓 with 𝜂 for three different beam 
intensities i.e. 𝛼𝐸଴଴ଶ = 3.0, 4.0, 5.0. The curves corresponding 
to 𝛼𝐸଴଴ଶ = 3.0, 𝛼𝐸଴଴ଶ = 4.0, and 𝛼𝐸଴଴ଶ = 5.0 are shown in blue, 
green and red respectively 

Figure 2. Variation of 𝑓 with 𝜂 for three different plasma densities 
i.e. ఠ೛మఠమ = 0.3, 0.5, 0.7. The curves corresponding to ఠ೛మఠమ = 0.3, ఠ೛మఠమ = 0.5, and ఠ೛మఠమ = 0.7 are shown in blue, green and red 
respectively 

  
Figure 3. Variation of 𝑓 with 𝜂 for three different beam radii 
i.e. 𝑟଴ = 15µ𝑚, 20µ𝑚, 25µ𝑚. The curves corresponding to 𝑟଴ = 15µ𝑚, 𝑟଴ = 20 µ𝑚, and 𝑟଴ = 25 µ𝑚 are shown in Blue, 
Green and Red respectively 

Figure 4. Variation of 𝑓 with 𝜂 for three different q-values i.e. 𝑞 = 1,2,3,∞ . The curves corresponding to 𝑞 = 1, 𝑞 = 2, 𝑞 =3, and 𝑞 = ∞ shown in Blue, Green, Red and Black 
respectively 

Figure 5 illustrates variation of 𝑌ଷ with 𝜂 for two different beam intensities i.e. 𝛼𝐸଴଴ଶ = 4.0, 5.0. The curves 
corresponding to 𝛼𝐸଴଴ଶ = 4.0, and 𝛼𝐸଴଴ଶ = 5.0 are shown in Blue, and Red respectively. It is clear from results that there 
is decrease in magnitude of 𝑌ଷ with enhancement in 𝛼𝐸଴଴ଶ  parameter. This reduction is directly connected with focusing 
characteristics of pump beam. Since, focusing ability of pump beam is found to get weakened by increasing 𝛼𝐸଴଴ଶ  
parameter. So, amplitude of EPW and hence yield of 3rd harmonics are decreased accordingly.  

Figure 6 illustrates variation of 𝑌ଷ with 𝜂 for two different plasma densities i.e. ఠ೛మఠమ = 0.5, 0.7. The curves 

corresponding to ఠ೛మఠమ = 0.5, and ఠ೛మఠమ = 0.7 are shown in Blue, and Red respectively. It is clear from the results that there 

is increase in magnitude of 𝑌ଷ with enhancement in ఠ೛మఠమ parameter. This amplification is directly connected with focusing 

characteristics of pump beam. Since, focusing ability of pump beam is found to get strengthened by increasing ఠ೛మఠమ 
parameter. So, amplitude of EPW and hence yield of 3rd harmonics are enhanced accordingly.  

Figure 7 illustrates variation of 𝑌ଷ with 𝜂 for two different beam radii i.e. 𝑟଴ = 20µ𝑚, 25µ𝑚. The curves 
corresponding to 𝑟଴ = 20µ𝑚, and 𝑟଴ = 25µ𝑚 are shown in Blue, and Red respectively. It is clear from the results that 
there is increase in magnitude of 𝑌ଷ with enhancement in 𝑟଴ parameter. This amplification is directly connected with 
focusing characteristics of pump beam. Since, focusing ability of pump beam is found to get strengthened by increasing 𝑟଴ parameter. So, amplitude of EPW and hence yield of 3rd harmonics are enhanced accordingly.  
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Figure 8 illustrates variation of 𝑌ଷ with 𝜂 for two different q-values i.e. 𝑞 = 1, 2 and ∞. The curves corresponding 
to 𝑞 = 1, 𝑞 = 2 and 𝑞 = ∞ are shown in Blue, Red and Black respectively. It is clear from results that magnitude of 𝑌ଷ 
is amplified with enhancement in 𝑞 values. This is on account of reason that increase in q value enhances axial self-
focusing of pump beam thereby amplifying nonlinear interaction that produces third harmonics. So, dominant role is 
played by q-parameter in optimizing THG output. For 𝑞 → ∞, the beam profile changes to ordinary Gaussian beams 
and has less localized intensity, reducing axial self-focusing and thus lowering the efficiency of 3rd harmonics. 

  
Figure 5. Variation of 𝑌ଷ with 𝜂 for two different beam 
intensities i.e. 𝛼𝐸଴଴ଶ = 4.0, 5.0. The curves corresponding to 𝛼𝐸଴଴ଶ = 4.0, and 𝛼𝐸଴଴ଶ = 5.0 are shown in Blue, and Red 
respectively 

Figure 6. Variation of 𝑌ଷ with 𝜂 for two different plasma 
densities i.e. ఠ೛మఠమ = 0.5, 0.7. The curves corresponding to ఠ೛మఠమ =0.5, and ఠ೛మఠమ = 0.7 are shown in Blue, and Red respectively 

  
Figure 7. Variation of 𝑌ଷ with 𝜂 for two different beam radii i.e. 𝑟଴ = 20µ𝑚, 25µ𝑚. The curves corresponding to 𝑟଴ =20µ𝑚, and 𝑟଴ = 25µ𝑚 are shown in Blue, and Red respectively 

Figure 8. Variation of 𝑌ଷ with 𝜂 for two different q-values i.e. 𝑞 = 1, 2 and ∞. The curves corresponding to 𝑞 = 1, 𝑞 = 2 and 𝑞 = ∞ are shown in Blue, Red and Black respectively 
 

6. CONCLUSIONS 
The present study explores third-harmonic generation of a q-Gaussian beam in a Collisionless plasma using the 

paraxial approach. The analysis reveals two key outcomes: 
1. Beam Focusing: The beam’s self-focusing capability is strengthened with enhancement in plasma density, beam 

radius, q-parameter, and with a decrease in beam intensity. To optimize self-focusing, we need careful control of 
beam and plasma parameters. 

2. THG Efficiency: The efficiency of 3rd harmonics is amplified with enhancement in plasma density, beam radius, q-
parameter, and with reduction in beam intensity. So, to optimize THG efficiency, we need to have careful control 
of beam and plasma parameters 

These results are highly crucial for applications in laser-driven fusion and other laser-plasma interaction schemes, 
where the production of 3rd harmonics plays an important role. 
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ГЕНЕРАЦІЯ ТРЕТЬОЇ ГАРМОНІКИ Q-ГАУСІВСЬКОГО ЛАЗЕРНОГО ПРОМЕНЯ У ПЛАЗМІ БЕЗ ЗІТКНЕНЬ 

Кулкаран Сінгх, Кешав Валья, Таранджот Сінгх 
Кафедра фізики, Університет DAV, Джаландхар, Пенджаб-144012, Індія 

У цьому дослідженні досліджується генерація третьої гармоніки (ГТГ) q-гауссового лазерного променя, що поширюється 
через беззіткнювальну плазму. Цей нелінійний профіль променя індукує градієнти густини в плазмі через пондеромоторну 
силу. Ці градієнти густини збуджують електронні плазмові хвилі (ЕПХ) з подвоєною частотою хвилі накачування за 
допомогою механізму 𝐕ሬሬ⃗ × 𝐁ሬሬ⃗ . Фундаментальна хвиля накачування та ЕПХ взаємодіють нелінійно, створюючи 
випромінювання третьої гармоніки. Нелінійне ЗДР для перетяжки променя накачування та вирази ефективності 
перетворення ГТГ отримані за допомогою методу ВКБ та параксіального підходів. Також проаналізовано вплив ключових 
параметрів лазерної плазми, включаючи густину плазми, ширину променя, інтенсивність та q-параметр, на 
самофокусування основного променя та ефективність третьої гармоніки. Результати показують, що q-гаусові пучки, завдяки 
своїм вищим амплітудам поля та ширшим крилам, ніж у звичайних гаусових пучках, можуть значно покращити генерацію 
гармонік у беззіткнювальній плазмі. Ці результати дають уявлення про оптимізацію генерації гармонік у структурованих 
лазерних променях для застосувань в надшвидкій оптиці, прискоренні частинок та джерелах випромінювання на основі 
плазми. 
Ключові слова: беззіткнювальна плазма; градієнти густини; хвиля накачування; електронна плазмова хвиля; 
самофокусування; генерація третьої гармоніки 


