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CHARACTERIZATION OF MICROWAVE GAUSSIAN PULSE
LIGHT TRANSMISSION IN PLASMA

Muyessar- MAMATZUNUN!, Patiman-A!, Yanxiang SHI?, Yantong WANG!"**

This paper presents an investigation into the transmission characteristics of
Microwave Gaussian pulse light in plasma, employing the WKB method and the
Comsol Multiphysics software. This study examines the propagation characteristics
of Microwave Gaussian pulse light with varying frequencies, wave modes, and mode
numbers in a plasma medium. A theoretical analysis and numerical simulation are
employed to investigate these characteristics. This study examines the impact of Mi-
crowave Gaussian pulse light on the electron rate distribution, collision power loss,
and plasma power deposition when traversing a plasma medium. It was demonstrat-
ed that the frequency of the Microwave Gaussian pulse light has a negligible impact
on the electron rate distribution within the plasma. Nevertheless, it exerts a more
pronounced influence on the electron rate distribution and collision power loss gen-
erated by ionization, with the electron rate and collision power loss being larger in
the TM mode. The findings indicate that the impact of waves with higher mode num-
bers on plasma ionisation is more significant than that of TM waves with lower
mode numbers. Moreover, the transmission of a TM wave with an identical number
of modes and a TEM wave illustrates that different wave modes can influence plas-
ma ionization. Moreover, the effect of plasma turbulence on the propagation of Mi-
crowave Gaussian pulse light is investigated. The findings suggest that turbulence-
induced energy transfer results in an increase in the electron rate and power loss, as
well as a change in the distribution of power deposition. The findings of this study
provide a basis for further investigation into the propagation characteristics of Mi-
crowave Gaussian pulse light in plasma, which is of paramount importance for the
advancement of laser applications in plasma media.

Keywords: Plasma, Gaussian pulse, Plasma turbulence, WKB method, Numerical
simulation.

1.Introduction

Laser-plasma interaction is an important research area for scientists in the
field of plasma physics, optics and communications. Plasma is a fourth state mate-
rial composed of free electrons and ions, which widely exists in nature, such as
the solar wind, the Earth's ionosphere, etc., and with the emergence of a variety of
artificial plasma, plasma technology has a wide range of applications in many
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fields, such as nuclear fusion, materials processing and communications. Over the
past two decades, researchers have conducted extensive research on a range of
topics related to Laser-driven Accelerators [1-3], Ionospheric Radio Wave Propa-
gation [4-7], Resonance Absoption [8-11], and hypersonic vehicle-ground com-
munication [12]. These studies all deal with the fundamental problem of laser
propagation in plasma. Microwave Gaussian pulse light exhibits favorable focus-
ing and propagation characteristics, and its light intensity distribution adheres to a
Gaussian function law. This is a prevalent type of optical signal in optics and
communication technology, occupying a pivotal role in laser technology, power
deposition, and ultra-wideband optical communication. The study of Microwave
Gaussian pulse light transmission in plasma not only contributes to a deeper un-
derstanding of the basic laws governing the interaction between plasma and opti-
cal signals, but also has significant practical and research implications in the field
of communication.

The propagation of Gaussian pulses in plasma has been extensively stud-
ied both at home and abroad. Monot et al. first observed the self-channeling prop-
erties of intense laser pulses in low-density plasma using Thomson scattering [13].
Chen et al. used a probe spectrometer to record the radial and axial distributions
of the laser pulse and the plasma electron density distribution at different mo-
ments of the laser pulse transmission in a jet plasma [14]. He et al. investigated
the coherent control of plasma dynamics in laser wake field electron acceleration
experiments [15]. Khn et al. modeled the effect of plasma turbulence on micro-
wave transport using the FDTD method [16]. Li et al. obtained anisotropic spatial
distribution data of refractive index fluctuations in hypersonic turbulence from
experimental images of hypersonic turbulence, and modeled the anisotropic power
spectrum of hypersonic plasma turbulence [17]. Malik et al. generated terahertz
radiation in a density-modulated "cold" magnetized plasma by mixing with a
Hermite-Cosh-Gaussian (HChG) Gaussian laser beam [18]. lantchenko et al. con-
ducted experimental and computational studies on plasma turbulence in tokamak
fusion plasma [19]. Mane et al. investigated the propagation characteristics of a
Gaussian laser beam in a collisionless magnetized plasma [20]. Existing studies
provide valuable theoretical models and experimental data for the study of Mi-
crowave Gaussian pulse light-plasma interaction, but there is a lack of studies on
the interaction of Microwave Gaussian pulse light sources of different modes and
modes with plasmas of different medium models.

In this paper, the propagation characteristics of Microwave Gaussian pulse
light in a uniform and a plasma considering the turbulence effect are investigated
by numerical simulation using Comsol Multiphysics software based on the im-
proved WKB method. By constructing Gaussian pulses with different frequencies,
moduli and modes, the effects of Microwave Gaussian pulse light propagating in a
uniform plasma medium under the above conditions on the electron velocity dis-
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tribution of the plasma, the power loss of the signal and the power deposition are
discussed in detail. In addition, the parameters of electron rate distribution, colli-
sional power loss and power deposition of Microwave Gaussian pulse light after
passing through a uniform plasma and after taking into account the turbulence
effect are compared and analyzed due to the anomalous transfer of transmitted
energy due to fluid instability and nonlinear effects in the plasma. This not only
lays a foundation for understanding the interaction between Microwave Gaussian
pulse light and plasma, but also provides an important basis for studying practical
application scenarios such as plasma surface treatment, power deposition, power
loss and communication system design.

2.Model Description

2.1 Theoretical Models

2.1.1 Plasma Equations
Solve the wave Eq. (1) based on the high frequency component of the
electric field in the frequency domain:
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where O is the conductivity of the plasma and its reciprocal is defined as
follows:
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In Eq. (2),n, is the electron number density, B is the magnetic field, ¢

represents the electron charge; & = ,m, 1s the electron mass, v, is the
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electron-neutral particle collision frequency, @ is the angular frequency. The elec-
tron number density and electron energy density can be obtained by solving the
following drift and diffusion equations:
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where R, characterizes the electron source, R, characterizes the energy
] 1
loss due to inelastic collisions, D, is the electron diffusion coefficient, D, is the

energy diffusion coefficient, £, is the energy mobility for, and the inverse of the
electron mobility can be simplified as:

L _Bz By
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where 4, is the electron mobility in the absence of a magnetic field. The

source coefficients in the above equations are determined by the plasma chemical
reaction system and are expressed as rate coefficients. Assume that there are M
reactions that produce or consume electrons and P inelastic electron-neutral parti-
cle collisions. In general, P >> M. The electron source term is given by the fol-
lowing equation:

M
R, :ijijnne (6)
j=1

where X; is the mole fraction of the target substance of the reaction, V, is

the density of the neutral molecule, the electron rate coefficient k; of reac-
tion J can be calculated based on cross-section data:

k=7, eon(@)f (@)de ()

where, y = (2q/ m, )1/ ? , € are energies, 0,(¢) characterizes the collision

cross section, and f (&) is the electron energy distribution function.

The electron energy loss is derived by summing the collision energy losses
for all reactions:

P
R, = ijijnneAgj (8)
Jj=1

where A€, is the energy loss for the reaction j and the electron source and

inelastic energy losses are calculated automatically by the multiphysics field inter-
face.
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The rate distribution function was chosen to be a Maxwell distribution:

f(e)=¢2F, exp{—(‘%ﬂ ©)
where :1“(5/2)3/2F(3/2)_5/2 , B =D(5/2)r(3/2)" I is the gamma

function and the average electron energy ¢ =n, /n, .

2.1.2 Propagation Characteristics of Electromagnetic Waves In The
Plasma Layer
When the electromagnetic wave is incident at an angle 6, to the boundary

of the plasma layer, and propagates from the boundary surface z=0 to
the z = d ,there are two types of waves propagating forward (+z ) and backward

(—z) when propagating in the plasma layer. For TE waves (£, =0,H_#0,as H
waves), the electromagnetic field can be represented as E, =E; +E |

H_=H+H_.According to the Maxwell's equations[21]:

+ ' '

N .
dZy +_]?QE)} +ZEy —ZEy (10)
£, o . q . ¢ ..
P TR .

Here, ¢ (z)=n"(z)—sin’ 6, n(z)is the refractive index of the plasma,
n’ (z ) =&, (Z ),8, is the relative permittivity, and ¢ is the speed of light in vacu-

um. If the coupling effect is neglected, then the terms on the right side of Eqgs.
(10) and (11) are zero, and the solution of the equations is the traditional WKB
solution The effective conditions for the solution are:
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If we consider the amplitude constant term in the WKB [22] solution as a
function of 7, then

1 1
E;=4(z)q exp[—jﬂﬁf qdz} E,=B(z)q > exp[ﬂffj qdz} A(z)and B(2)
C C

represent the amplitude change terms with respect to the propagation dis-
tance 7 .By substituting £, and £, into Eqgs. (10) and (11), have:

01 (12)
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When TE waves propagate from the boundary, Egs. (13) and (14) can be

expressed in matrix form:

d|A(z)] A(z)

i =U 15
dz {B(z)_ e (2) B(z) (15)

Eq. (15) is the second-order WKB solution that considers coupling effects,

e 0 exp(+,/9)
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difference transfer matrix method results in:
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Where, Q, ,. represents the transfer matrix of the electromagnetic wave

UTE(Z)

20 ¢:
’ ¢:_wjo qdz . Solving Eq. (15) using the
c

from z=0 to
z=d, mlz(z) =j;;]—qexp(+j¢)d§ , My (Z) = _[Ozzq—qexp(—jgo)df ,According to
Egs.(15) and (16), the transfer function of the TE wave is given by:
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When the incident wave is a TM wave (H, =0,E_ # 0, E wave), the trans-
fer function is written as:
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2.2 Simulation model

Assuming there are no coupling effects during the propagation of electro-
magnetic waves in the plasma layer, and there are no reflected waves in the direc-
tion of propagation, we establish a simulation model as shown in Fig.1. The
Gaussian pulse light signal is incident obliquely from the boundary plane (z=0)
to the plasma at an angle of incidence &, (in this paper, we consider 6, =0° inci-

dence). The plasma sheet is placed at the center of the simulation domain, with
both ends truncated by Coordinate-Stretched Perfectly Matched Layers (CPML)
to simulate the wave propagation characteristics. The central region in the ensuing
simulation result images represents the plasma, while the surrounding area charac-
terizes an infinite domain. Only the plasma region will produce simulation results
to depict the interaction between Gaussian pulse light and the plasma.

Incident

wave
Hi ( ~a

Fig. 1. Schematic of wave propagation in a plasma plate

This simulation model analyzes the argon plasma chemical reaction sys-
tem, including elastic collision, excitation collision, direct ionization collision and
stepwise ionization collision, and also includes Penning ionization and sub-stable
quenching. The specific forms are shown in Table 1.

Comsol Multiphysics realizes the objective of constructing various simu-
lation conditions into partial differential equations based on the finite element
analysis method. The goal is to solve specific issues related to the problem under
consideration, aiming to achieve simulations that are realistic and comprehensive.
The modeling mainly involves importing/building composite bodies, defining
qualitatively related materials, flexibly setting simulation fields, solving finite
element equations, and post-processing images.
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Table 1.
Plasma chemical processes and energy loss

No. Reaction Type Ag (e V)
R1 e+ Ar=>e+ Ar Elastic 0

R2 e+ Ar =>e+ Ars Excitation 11.5

R3 e+ Ars =>e+ Ar Deexcitation -11.5

R4 e+ Ar =>2e+ Ar+ Direct Tonization 15.8

R5 e+ Ars =>2e+ Ar + Stepwise Tonization 4.24

R6 Ars+ Ars => e+ Ar + Ar + Penning lonization -

R7 Ars + Ar => Ar + Ar Metastable Quenching -

This simulation employs Comsol Multiphysics according to the aforemen-
tioned principles through the following steps.

1.Add relevant physical domains. The simulation uses the "plasma mod-
ule" and the "electromagnetic wave frequency domain module" to construct the
plasma conductive coupling field through the above multi-physical domain cou-

pling.

plasma

2 r
-— 17 1 () (20)
m, (v, + jo)

2.Draw the target. Draw the basic model of the simulation according to the
principle of Fig.1The plasma size is 0.04m x0.07m, CPML boundary area size
0.05m x0.07m;

3.Import boundary conditions and related parameters. This includes the in-
troduction of boundary conditions: The electrical boundary conditions are
-n-D =0, The flux boundary conditions are -n-I',=0. -n-I', =0, and wall

boundary conditions, i.e., the initial conditions for the spatio-temporal evolution
equations for the electron and energy densities are:

1- 1

n-T, =1+::(Evg’,hne]—(z;/j (rj~n)+r,-n) 1)
1-7(5

n-I, = 1+:: (gve’thngj—(Zngj (F]. -n)+g(Ft n)) (22)

The pulse width of the light source is 0.004s, incident from z=0.05m.
x=0.035m, the electric field propagation equation satisfies:

E(z,t)= Ee " (23)

Geometric operations and environmental properties used to satisfy conver-
gence and reduce errors in the finite element solution. The target light source is
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introduced by setting the port, and the offset of the port affects the distance be-
tween the light source and the plasma in Fig.1;

4.Import formulas and other necessary geometric operations. The input
theoretical model corresponds to the corresponding formulas. Other operations
refer to data sequence operations, including spatial projection, matrix inversion,
reference coordinate system(Cartesian coordinate), etc;

5.Add materials. Set up Isolitron, Infinite Elements, and Light Source,
with the Infinite Space material being Air;

6.Meshing and Finite Element Solving. It is able to solve complex discre-
tized problems of anatomical wholes using the transient solver MUMPS, which
guarantees problem convergence;

7.Add studies and mapping. The frequency-domain-transient study and the
time-period study are used to realize the solution and plotting of parameters such
as electron rate distribution, collision power loss, power deposition, and total
power density distribution of plasma irradiated by different light sources. The
time-scan step is 10 s. The time-period study is performed in a time-dependent
manner.

3.Results And Discussion

3.1 Different Frequency Gaussian Pulse Lasers

The transmission of Microwave Gaussian pulse light of different frequen-
cies in a plasma is discussed using frequency-domain-transient studies. Fig. 2
shows the electron rate transient distributions of two Microwave Gaussian pulse
light with spot radius of 1.5 cm, the total power absorbed by the plasma setpoint is
30 W, and frequencies of 2.45 GHz and 24.5 GHz produced by ionization when
passing through the plasma for 0.001s.

A 2.45%10" A 1.35%10"
0.08 4 x10% g:08 b %1017

1/(m*3%s)

(a) 2.45 GHz (b) 24.5 GHz
Fig. 2. Electron rate distributions of Gaussian pulses of different frequencies passing through
the plasma
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The simulation results show that the frequency of Microwave Gaussian
pulse light does not affect the electron rate distribution inside the plasma, but it

can be seen by Eq. (7) that the incident light frequency affects k; by affecting €.

Using the plas.ne function to solve for the electron density, the maximum value of
the electron density in Fig. 2(a) is 7.54x10'® m? and the minimum value is
1.03x10'"" m™ The maximum and minimum values of the electron density in
Fig.2(b) are 9.79x10'"® m™ and 3.59%10'2 m?, respectively. It can be seen that the
frequency of the Microwave Gaussian pulse light has a certain effect on the mag-
nitude of the electron rate generated by the ionization of the plasma. The electron
rate increases gradually from the top to the bottom of the plasma, but it does not
affect the electron rate distribution in the cross section.

For the location of the electron density maximum, the time-period was
used to study the electron density with time for the condition of Fig. 2(a), and the
results are shown in Fig.3 The electron density at this location in 0-0.004s with
the increase of time firstly rises to the large maximum value, then falls to the min-
imum value, and finally rises again, and the electron density in this range is of the
order of magnitude of 10'° , and the difference is only reflected in more than 8
decimal places.

x10'® [

7.5418;

Electron density (1/m?)

0 0.001 0.002 0.003 0.004
t(s)

Fig. 3. Variation of electron density with time at the position of maximum electron density

(a) 2.45 GHz (b) 24.5 GHz
Fig. 4. Collisional power loss of Microwave Gaussian pulse light passing through plasma with
different frequencies
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According to Eq. (7), the distribution of collision power loss generated by
Microwave Gaussian pulse light passing through the plasma is consistent with the
electron rate distribution of the cross-section, i.e., there is a direct correspondence
between the electron rate distribution and the contour of the collision power (en-
ergy) loss distribution. Fig.4 shows the collision power loss distribution of Mi-
crowave Gaussian pulse light with frequencies of 2.45 GHz and 24.5 GHz through
the plasma, and the amplitude of the collision power loss gradually increases from
the top to the bottom of the plasma. However, by comparing Fig. 4(a) and Fig.
4(b), it can be seen that the collision power loss at 24.5 GHz frequency is slightly
larger than the collision power loss of the pulsed light at frequency 2.45 GHz.
This is due to the fact that the increase in frequency leads to a gradual increase in
the transmission coefficient and a gradual decrease in the absorption coefficient,
which corresponds to a larger k; value.

3.2 Microwave Gaussian Pulse Light with Different Modes and Mode
number

3.2.1 Different mode number

The study of the transmission of Microwave Gaussian pulse light of dif-
ferent mode number in the plasma is realized by using Eq. (18) as the transfer
function of the TM wave incident on the plasma. The frequency of the pulsed
light is taken to be 2.45 GHz. Fig. 5 shows the electron rate distributions of TM
waves of mode number 2 (TM; modes or TM> waves)and 5(TMs modes or TM;5
waves) as they pass through the plasma for 0.001s.

m F T T T T T T 3 m
A 2.45%10"

g %10

1/(m~3°s)

A 1.35%10"
1 7

%10
1/(m~37s)

-0.02k . . . . L . 4 ¥ 2.00x10" . L . n . n ¥ 7.2x10%

(a) The mode number is 2 (b) The mode number is 5
Fig. 5. Electron rate distribution of TM waves with different mode number produced by plasma
ionization
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The collision power loss of TM waves with different modes passing through
the plasma is investigated, as shown in Fig. 6.

m F T T T T T T = m T T T T T T
A 1.38x10"7 A 3x107

o x107 ]

1/(m*3*s)

-0.02k . . . . . . 4 ¥ 7.23x10% . . . \ . . ¥ 1.48x10'

(a) The mode number is 2 (b) The mode number is 5
Fig. 6. Collisional power loss of TM waves of different mode number passing through the
plasma

From Fig. 5(a), it can be seen that for low mode number TM waves, the elec-
tron rate distribution in the cross section also increases gradually from the top to
the bottom of the plasma. However, for high-mode number TM waves, the elec-
tron rate distribution of ionization is no longer a gradient distribution with the po-
sition of the irradiated side of the plasma, but is "deformed" due to the change of
the propagation characteristics caused by the difference of the mode number, as
shown in Fig. 5(b). Comparing Figs. 5(a) and 5(b), it can be seen that the higher
the mode number, the higher the corresponding electron rate. The maximum value
of the electron density in Fig. 5(a) is 9.45 x 10'® m~, and the minimum value is
1.71 x 10" m™. The maximum value of the electron density in Fig. 5(b) is 8.70 x
10%° m, and the minimum value is 2.80 x 10" m™.

It is not difficult to find that there is still a correspondence between the colli-
sion power loss (Fig. 6(a)) and the electron rate distribution (Fig. 5(a)) of the TM
waves passing through the plasma with low mode number. However, through
Figs. 6(b) and 5(b), it is found that the contours of the collision power loss distri-
bution and the electron rate distribution of the TM wave with high mode number
no longer have a direct correspondence in region I. This is due to the fact that the
mode number change not only changes the boundary conditions for the solution of
the finite element equations by affecting the transfer function, but also the high
mode number increases the energy loss, which also leads to the exponential in-
crease of the collision power loss.
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(a) The mode number is 2 (b) The mode number is 5
Fig. 7. Power deposition of TM waves of different mode number through the plasma

The power deposition of TM waves of different modes through the plasma is
shown in Fig. 7. The power deposition due to the TM wave with mode number 2
in Fig. 7(a) is almost always at the irradiated end of the plasma. In contrast, the
power deposition introduced by the TM wave with mode number 5 in Fig. 7(b)
occurs mostly at the top surface of the plasma. The simulation results show that
the mode number is one of the factors affecting the plasma power deposition.

3.2.2 Different Modes

In order to investigate the propagation of different modes of waves in
plasma, the electron rate distribution, collisional power loss, and power deposition
of TEM waves passing through the plasma are investigated in this section. Fig. 8
shows the electron rate distribution of the TEM wave generated by ionization of
the plasma passing through the plasma at the same moment in Fig. 5.

The profile of this distribution is closer to that of Fig. 5(b), but the electron
rate values are slightly different. The maximum value of the electron density is
2.16 x 10'® m™, and the minimum value is 4.92 x 10">m™ . Correspondingly, the
contours of the collision loss power (Fig. 9(a)) and power deposition (Fig. 9 (b))
distributions are also similar to the results of the transmission of the TM wave
with mode 5 (Figs. 6(b) and 7(b)). However, the corresponding amplitudes are all
different. Therefore, there are also differences in the propagation modes of differ-
ent Microwave Gaussian pulse light with respect to the plasma interaction.
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(a) Collisional power loss (b) Power deposition
Fig. 9. TEM wave propagation in plasma

3.3 Effect of Plasma Turbulence on Gaussian Pulsed Laser

The fluid instability and nonlinear effects present in plasma lead to irregu-
lar, chaotic and random flow states of fluid motion in plasma called plasma turbu-
lence phenomena [22]. The anomalous effects caused by plasma turbulence result
in transfer of transport energy and are an important research area in plasma phys-
ics and engineering. Fig.10(a) characterizes the electron rate distribution produced
by ionization of the same Microwave Gaussian pulse light as in Fig. 2(a) after
plasma turbulence. The maximum value of its electron density is 1.03 x 10'"m™,
and the minimum value is 3.71 x 10'?m™. Comparison of Fig. 2(a) reveals that the

A 002

kW/m"3
900
800
700
600
500
400
300
200

100

¥ 3.48x1071

presence of plasma turbulence increases the electron rate and electron density.
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-0.01 B -0.01 't -1.4
¥ 6.99%10"? L . . . L . ¥ -1.43x10°

(a) (b)
Fig. 10. Microwave Gaussian pulse light through plasma turbulence: (a) electron rate profile; (b)
collisional power loss

Fig. 10(b) shows the collisional power loss of Microwave Gaussian pulse
light through plasma turbulence. It can be seen that the plasma turbulence does
not change the direct correspondence between the electron rate distribution of the
ionized plasma irradiated by Microwave Gaussian pulse light and the contour of
the collision power loss distribution. However, compared to the collision power
loss without considering the turbulence (Fig. 4(a)), the plasma turbulence has an
effect on the electron rate and thus leads to a larger collision power loss.

Fig. 11 shows the power deposition distribution of Microwave Gaussian
pulse light passing through the plasma and plasma turbulence, respectively. As
can be seen in Fig. 11(a), the power deposition of Microwave Gaussian pulse light
passing through the plasma is distributed at the irradiated end with a Gaussian
profile. The power deposition passing through the plasma turbulence in Fig. 11(b)
also occurs at the irradiated end of the plasma, but the presence of turbulence
leads to a change in the distribution of its profile, and the presence of turbulence
affects the distribution of the deposited power.

(a) Plasma (b) Plasma turbulence
Fig. 11. Power deposition distribution generated by Microwave Gaussian pulse light after (a)
plasma (b) plasma turbulence
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In summary, the presence of turbulence causes a transfer of the transmitted
energy, leading to an increase in the power loss of the Microwave Gaussian pulse
light passing through the plasma and affecting the transmission distribution of the
light inside the plasma.

4.Conclusion

The objective of this study is to investigate the propagation characteristics
of Microwave Gaussian pulse light with different frequencies, moduli, and modes
in a plasma medium. In order to achieve this, numerical simulations are em-
ployed. The findings indicate that the rate distribution of electrons in a homoge-
neous plasma is not significantly affected by the use of Gaussian light with vary-
ing frequencies. Nevertheless, an increase in frequency affects the magnitude of
the electron rate and the collision power loss resulting from plasma ionization by
influencing the reaction energy and the distribution of the energy loss of high-
frequency light in a plasma. This provides a reference for the selection of frequen-
cy for practical applications. Propagation of TM waves in plasma differs with
mode number. The energy loss and transmission efficiency can be regulated by
selecting the appropriate mode numbers. The impact of diverse wave modes on
the electron rate, collisional power loss, and power deposition in the plasma is
discernible, and these effects must be taken into account when selecting suitable
wave modes to optimize transmission. The propagation of Microwave Gaussian
pulse light in a turbulent plasma demonstrates that turbulence significantly in-
creases the electron rate and electron density, as well as the power loss, which
affects the power deposition distribution. This provides further insight into the
mechanism of energy transport within the plasma.

The study presented in this paper provides a foundation for further re-
search on the laser-plasma interaction and the propagation mechanism of Micro-
wave Gaussian pulse light in plasma. This research is significant for the optimiza-
tion of signal transmission and energy management of -electromagnetic
waves/lights in turbulent plasma. The subsequent step will be to study the propa-
gation characteristics of Microwave Gaussian pulse light with a greater number of
frequencies and modes in plasma with varying turbulent states.
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