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Introduction 

Laser-induced breakdown spectroscopy (LIBS) is a 

very adaptable method used for the examination and 

quantification of various substances. It relies on the 

optical identification of specific atomic and 

molecular components by observing the emission 

signals emitted from plasma generated by laser-

induced processes 1. The approach under 

consideration is characterized by its relative 

simplicity in comparison to many other elemental 

analysis methods. This attribute may be attributed to 

its uncomplicated experimental setup. The 

experimental setup involves the use of a pulsed laser 

to induce microplasma formation on the surface of 

interest 2. Subsequently, the elemental composition 

is determined by analyzing the emitted radiation 

from the plasma plume 3. The characteristics and 

behavior of laser-induced plasma are influenced by 

multiple parameters, including the wavelength of the 

laser, the dimensions of the laser spot, and the 

temporal length of the laser pulse. The surrounding 
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environment and other relevant parameters. 

Experiments may be conducted under two 

conditions: atmospheric pressure or in the presence 

of an ambient gas, using this particular approach 4. 

The ablation process entails the use of laser energy 

to disperse throughout the sample via heat 

conduction, leading to the fusion and vaporization of 

the target material. As a result, a plasma plume is 

generated. One significant advantage of using this 

technology is its capacity to provide a direct 

chemical analysis of the substance without requiring 

any further preparation 5. The ablation method, 

which involves the use of lasers with pulse lengths 

exceeding 6 nanoseconds, may be divided into three 

separate phases. In the first phase, the laser beam 

engages with the solid material, resulting in the fast 

ionization of the target's surface. The ionization 

process takes place within a temporal duration that is 

less than the temporal extent of the laser pulse 7. In 

the subsequent phase, the plasma, leading to an 

isothermal expansion, efficiently absorbs the laser. 

During the third stage, after the cessation of the laser 

pulse, the plasma plume that emerges experiences a 

quasi-adiabatic expansion inside a medium 8. The 

medium under consideration may include either a 

state of vacuum or a background gas, and its 

composition may or may not involve the existence of 

externally imposed fields 9. Passive optical emission 

spectroscopy (OES) is a prominent diagnostic tool 

used in plasma characterization 10. OES is a cost-

effective, versatile, and unobtrusive technique for 

investigating plasmas with low temperatures and 

pressures11. It has exhibited adaptability in 

determining the density of electrons and the 

temperature of these discharges. To perform OES, it 

is essential to have a spectrometer with the suitable 

resolution and optical equipment that can effectively 

transport emitted light to the entry slit of the 

spectrometer12. While it is easy to acquire emission 

spectra, interpreting them may be somewhat 

intricate, especially in low-temperature, low-

pressure plasmas 13 that are far from thermal 

equilibrium. The processing parameters, such as the 

power and flow rate of the working gas, have 

significant effects on obtaining the desired 

performance in low-temperature plasma processes, 

such as etching, sputtering, and deposition 14, 15. In 

this study, an investigation into the emission 

characteristics of plasma produced on the surface of 

cadmium by the use of an Nd: YAG laser is 

presented. The transitions observed in this work 

include the wavelengths of 247.85 nm, 394.22 nm, 

396.14 nm, 588.95 nm, and 591.25 nm in neutral 

cadmium. These transitions were investigated to 

analyze the spatial characteristics by calculating the 

plasma parameters. Furthermore, different laser 

energy levels and wavelengths are used to investigate 

the temperature and electron density of the ablated 

plasma plume of Cd. 

 

Materials and Methods 

Preparation the Sample 

The focus of this experimental investigation was the 

analysis of a sample consisting solely of cadmium 

(Cd), with a mass percentage of 100%. A hydraulic 

press machine was employed to create a pellet 

measuring 10 mm in diameter and 4 mm in thickness, 

with a load of 10 tons for 15 minutes. The pellet was 

formed from a small quantity of material. 

Experimental Setup 

The experimental configuration is shown in Fig. 1. 

Experiments have been done under standard ambient 

conditions, namely at room temperature and 

atmospheric pressure. The plasma is generated by 

using pulses emitted from the Nd: YAG nanosecond 

laser, namely the 1064 FHG and 532 SHG 

wavelengths. These pulses possess an energy of 250, 

and 500 mJ, a pulse duration of 10 ns, and a repetition 

frequency of 8 Hz. The subject of interest in this 

study was cadmium, which exhibited a high level of 

purity, with a concentration of around 99.999%. The 

laser beam is directed onto the surface of a cadmium 

pallet that is present in the air at atmospheric 

pressure. This is achieved by using a quartz lens with 

a focal length of 10 cm. The optical emission light 

was acquired and examined using a Surwit (S3000-

UV-NIR) spectrometer, using an optic fiber bundle 

with a core diameter of 50 µm. The fiber was 

positioned at a distance of 1 cm. The plasma 

properties were estimated by using the NIST 

database software 16 to measure the optical emission 
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line outcomes of certain components as show in 

Tables  1 and Table  2. 

 
Figure 1. Block diagram of the experimental setup of the LIBS system 

 

Table 1. Parameters of the spectroscopy of measured linens emitted from Cd plasma plume 

corresponding to the NIST database by first harmonic generation laser 16  

λ = 1064 nm 

Spectral 

Lines 

Wavelength 

(nm) 

Lower Level Upper Level Ak.gk Ek (eV) 

Cd II 

Cd II 

Cd I 

Cd II 

Cd II 

Cd I 

Cd I 

Cd II 

O I 

N II 

Cd I 

Cd II 

428.5 

444.05 

467.8 

474.46 

502.8 

508.58 

515 

538.18 

556.98 

563.48 

632.51 

635.99 

4d106p 

4d104f 

4d105s5p 

4d104f 

4d105d 

4d105s5p 

4d105s5p 

4d105d 

2s22p3(4S0)3P 

2s22p4P 

4d105s5p 

4d104f 

4d107d 

4d109g 

4d105s6d 

4d108g 

4d95s(3D)5p 

4d105s6s 

4d105s7s 

4d104f 

2s22p3(4S0)7S 

2s22p6s 

4d105s5d 

4d106g 

2.4 E+07 

7.66 E+06 

2.8 E+07 

3.9 E+07 

1.91 E+08 

1.7 E+08 

1.7 E+08 

7.26 E+07 

5.82E+05 

3.54E+07 

7.26 E+07 

7.26 E+07 

11.8 

13.44 

5.41 

13.7 

11.13 

5.41 

5.41 

11.13 

13.22 

27.66 

5.41 

13.44 

 

Table 2. Parameters of the spectroscopy of measured linens emitted from Cd plasma plume 

corresponding to the NIST database by second harmonic generation laser 16 

λ = 532 nm 

Spectral 

Lines 

Wavelength 

(nm) 

Lower Level Upper Level Ak.gk Ek (eV) 

Cd I 

Cd II 

Cd II 

O II 

Cd II 

Cd II 

467.8 

502.8 

538.18 

548.34 

584.33 

656.33 

4d105s5p 

4d105d 

4d105d 

2s22p2(3P)3p 

4d106d 

4d107p 

4d105s6d 

4d95s(3D)5p 

4d104f 

2s22p2(3P)3d 4d
107f 

4d109d  

2.8 E+07 

1.91 E+08 

7.26 E+07 

5.04 E+07 

7.26 E+07 

7.26 E+07 

5.41 

11.13 

11.13 

71.39 

13.65 

13.65 
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Results and Discussion 

The breakdown encompasses a range of events, 

including surface sample heating accompanied by 

phase change and photoelectric emissions, as well as 

the presence of thermal ions and neutral plasma 

molecules. The evolution of laser-induced plasma 

encompasses a series of sequential processes. 

Initially, the emission of steady bremsstrahlung 

radiation takes place, followed by the subsequent 

expansion and cooling of the plasma. The detection 

of emissions of spectral lines occurring between 

closely linked energy levels is possible during the 

subsequent relaxation of the plasma. Following the 

production of plasma, these lines are observed to be 

embedded within a stream of continuous emissions. 

Hence, the phenomenon of complete plasma 

radiation is initially observed as a continuous 

spectrum and comprises electronically excited pieces 

that undergo spontaneous decay, namely ions, atoms, 

and tiny molecules 17. The plasma emissions were 

collected and subjected to analysis using an optical 

fiber bundle, which was then combined with a 

spectrometer. The spectrum peak intensities of the 

Cd plasma plume, caused by an Nd: YAG 

nanosecond laser, are depicted in Figs. 2-a and 2-b. 

The laser was operated with energies of 250, and 500 

mJ and emitted at two different wavelengths: the first 

harmonic at 1064 nm and the second harmonic at 532 

nm. The relationship between laser energy and the 

observed intensity and width of spectral lines has 

been noted to be positive, indicating that as laser 

energy increases, both the intensity and width of the 

spectral lines also rise. 

 

 

 
Figure 2. Displays the emission spectra of 

Cadmium plasma inside a distinct window, 

encompassing the spectral ranges of 400 to 700 

nm. These spectra are generated by the utilization 

of the (a) first harmonic 1064 nm and (b) second 

harmonic 532 nm of the laser for different laser 

energy. 

 

The spectrum covers the 400 to 700 nm spectral 

region by the induced fundaments laser; most lines 

in the spectral region contain neutral Cadmium 

emissions and the strongest spectral line of Cd I and 

OI at 467.8, 508.58, 515, and 632.51 nm while 

556.98 nm to OI are specified as 

4d105s5p→4d105s6d, 4d105s5p→4d105s6s, 

4d105s5p→ 4d105s7s, and 4d105s5p→4d105s5d, while 

2s22p3 (4S0)3P→2s22p3 (4S0)7S transitions, 

respectively. And spectral region ranging between 

400-650 nm is dominated by ionic lines (Cd II) and 

(N II), the most robust spectral lines at 502.8 and 

635.97 nm for Cd but N at 563.48 nm are specified 

as 4d105d→4d95s(3D)5p and 4d104f→4d106g for Cd 

but 2s22p4P→2s22p6s for N transitions, 

respectively. While in a second laser, the spectral 

emitting region ranging from 400 to 700 nm is 

covered by the plasma spectrum that is emitted by the 

induced second harmonic laser (532 nm), the spectral 

emitting region at 467 nm is ascribed to neutral 

Cadmium line (Cd I); the line is specified for 467.8 

nm as  4d105s5p→ 4d105s6d, transitions, and spectral 

region ranged between 500-700 nm is dominated by 

ionic lines (Cd II), the most robust spectral lines at 

538.18 and 656.7 nm are specified as 4d105d→4d104f 

and 4d107p→ 4d109d transitions, respectively 16.   
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Calculate plasma parameters and LTE criterion   

Plasma temperature  

Studies of laser-induced plasma emitted spectra help 

estimate the essential plasma parameters (i.e., Te and 

ne). In addition, the concept of the plasma 

characteristics depended on the electron temperature 

and described the relative distribution of the 

population by the Boltzmann law of the atoms over 

their energy level 6. The Boltzmann plot method 

determined the plasma electron temperature based on 

the intensity of the observed spectral line. The 

plasma temperature equation can be written as in Eq. 

1 18 due to the predicted local thermodynamic 

equilibrium:  

Ln (
𝐼𝑗𝑖𝜆𝑗𝑖

𝐴𝑗𝑖𝑔𝑗𝑖
) =

𝐸𝑗

𝑘𝐵𝑇𝑒
+  𝐶 … … … 1 

Here, line identification and various spectroscopic 

parameters, including wavelength (ji), statistical 

weight (g), probability of transition (Aji), and upper 

energy (E), obtained from a standard spectrum of the 

NIST database 16 and listed in Table 1, i and j refer to 

the low and upper levels, respectively. (kB) is the 

Boltzmann constant, T is the plasma temperature, 

and C is the constant. To draw the Boltzmann plot, 

we used the atomic Cadimuim Cd (I) lines to deduce 

the plasma electron temperature, as shown in Fig. 3 

of 1064 nm and Fig. 4 of 532 nm laser. The 

temperature of the electron can be estimated from the 

slope obtained from a graph 𝐿𝑛 (
𝐼𝑗𝑖𝜆𝑗𝑖

𝐴𝑗𝑖𝑔𝑗𝑖
) versus the 

energy Ej (eV) a straight line has an equal slope 
1

𝑘𝐵𝑇𝑒
   

 

  
Figure 3. Boltzmann plot for 4 neutral and ion c 

spectral lines at laser energy 250-500 mJ using λ 

1064 mm. 

 

 
Figure 4. Boltzmann plot for 4 neutral and ion c 

spectral lines at laser energy range 250-500 mJ 

using λ 532 mm 
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The electron temperature in Cd plasma plumes was 

calculated by changing the pulse laser energy to 250, 

and 500 mJ at both modes (1064 and 532 nm) of the 

Nd: YAG laser. Depending on laser pulse energy and 

wavelength, Cd plasma plumes' temperature values 

range from 8540 to 15068 K, as seen in Tables 3, and 

4. The electron temperature is higher as the laser 

energy and wavelength increase and ranges from 

12330.8 to 15068.4 K for the plasma caused by the λ 

1064 nm. However, we noticed that the electron 

temperature ranged from 8540 to 9512 K when 

repeating the experiment using the λ 532 mm at the 

same ambient conditions.  

Fig. 5, also indicates that electron temperature 

behavior increases with the wavelength. The 

increased transfer of laser-plasma energy likely 

causes increased laser pulse energy and wavelength 

which elevates the plasma temperature which is in 

agreement with the previous studies 15. The electron 

temperatures exhibit a positive correlation with the 

energy of the plasma plume laser, primarily 

influenced by the phenomena of plasma reflection 

and absorption of laser photons, contingent upon the 

plasma frequency 19. The Cadmium plasma 

frequency appears to be lower than that of the laser. 

It means that energy loss is due to the neglected Nd: 

YAG laser reflection on the Cd plasma surface 20. 

 
Figure 5. The electron temperature at λ 1064 and 

532 nm as a function of laser energy 

It is possible to understand two reasons why the 

plasma plume's temperature increases with the laser 

pulse's energy. First, the result of an increase in the 

rate of mass ablation 21. Second, one of the two 

possibilities of interaction is called "plasma 

shielding"22. The first reason is when the plasma is 

created, through electron-neutral inverse-

Bremsstrahlung or electron-ion inverse-

Bremsstrahlung, the plasma will absorb part of the 

laser beam, and the second reason is through the 

photo-ionization dominated interaction. Except for 

the early phases of the laser evaporation process, the 

electron-neutral process's probability is much less 

than that of the electron-ion processes. Thus, 

electron-neutral processes during laser ablation are 

considered negligible 23.  

Electron Density  

The electron number density is a significant 

parameter used to describe the plasma environment, 

which is essential for evaluating its equilibrium 

(LTE) criterion. The Stark broadening line profile of 

an isolated single charged ion or line neutral is one 

of the main methods used for estimating the electron 

number density (ne.). Stark broadening is one of the 

dominant broadening methods in LIP, with 2- 4 

orders larger than other methods such as natural 

broadening and Doppler broadening 24. The plasma 

ne electron density is indicated by Eq. 2 for the full 

width at half maximum (FWHM) of the Stark 

broadening lines 25:  

Δ𝜆1
2

= 2𝜔 (
𝑛𝑒

1016
)

+ 3.5 𝐴 (
𝑛𝑒

1016
)

5
4

 [1

−  
3

4
 𝑁𝐷

−1
3⁄

]  𝜔 … … … … 2 

In empirical formula (2), Δ𝜆1

2

 refers to the Stark full-

width at half-maximum (FHWM), and 𝜔 is the 

electron impact parameter, which is based on 

reference data, which corresponds to different 

electron temperatures. 𝑛𝑒 , 𝐴 𝑛𝑚, and 𝑁𝐷 denotes the 

electron density, broadening ionic impact parameter, 

and the number of particles in the Debye sphere. The 

ionic broadening was neglected due to its minimal 26 

contribution to the broadening: hence Eq. 2. can then 

be defined in Eq. 3. The electron density 𝑛𝑒 

corresponds to the (FWHM) of the Stark broadening 

lines of the plasma plume 27: 
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n𝑒 = (
∆λ

2𝑤𝑠
) 𝑁𝑟 … … … 3 

Figs. 6-a and 6-b illustrate the full width at half 

maximum (FWHM) of the Stark-broadened profile 

of the N II, and Cd II emission lines for FHG and 

SHG respectively, which may be used to calculate 

the Stark broadening center of 563.48, and 656.33 

nm respectively. In comparison to the practical and 

theoretical values that were given in the literature, 𝑤𝑠 

(0.204, and 0.04) Aº were utilized at a 𝑁𝑟  equal to 

(0.99 x 1017, and 1.00 x 1017) cm-3 for the N II, and 

Cd II spectral lines respectively. 

 

 
Figure 6. Gaussian fitting of the (a) N (II) for 

FHG, and (b) (Cd II) for SHG transition for a 

variety of energies. 

The research findings demonstrate a direct 

correlation between the laser's intensity and the 

electron density of the plasma. Increasing the 

intensity of a laser leads to heightened interactions 

with the material it is composed of, resulting in an 

elevated level of ionization and electron production. 

Consequently, an augmentation in the laser power 

frequently leads to an elevation in the electron 

density within the plasma.  

The intensity of the line at 532 nm is lower compared 

to that of the 1064 nm laser. The laser exhibits a 

reduction in the number of photons by half, while 

simultaneously doubling the energy per photon. 

Furthermore, the exit energy can be reduced by going 

through the second harmonic crystal 28. 

In contrast, the plasma density exhibited a decrease, 

although the plasma temperature demonstrated an 
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increase when employing a laser with a second 

harmonic wavelength (532 nm) in comparison to the 

fundamental wavelength (1064 nm) as shown in Fig. 

7. This can be attributed to the reduction in the 

number of photons possessing twice the energy of the 

photons, resulting in a halving effect. Hence, the 

ionization phenomenon occurs in a reduced number 

of atoms, resulting in a decreased production of 

electrons. However, these electrons exhibit greater 

thermal velocity when subjected to the laser-material 

interaction inside the field emission mechanism 29. 

 
Figure 7. The electron density at λ 1064 and 532 

nm as a function of laser energy 

Debye Length λd, Plasma Frequency 𝐟𝐩 

After determining the Te in eV and ne in 1
𝑐𝑚3⁄ , it is 

now able to compute the λd in cm using equation 30: 

𝜆𝑑 = √
𝜀𝑂𝐾𝐵𝑇𝑒

𝑒2𝑛𝑒
  … … … 4 

If we express the preceding equation as 30, where 

𝜀𝑂represents the permittivity of the vacuum, KB 

stands for the Boltzmann constant, and e stands for 

the charge of an electron, then we have: 

𝜆𝑑 = 7430 (
𝑇

𝑛𝑒
)

1
2

 (𝑐𝑚) … … … 5 

The frequency of plasmas may be described as 

follows 4: 

𝑓𝑝 =
𝑛𝑒𝑒2

𝑚𝑒𝜀°
… … … 6 

Where is the 𝑓𝑝The frequency of the plasmas is an 

extremely important aspect, and the electron mass is 

denoted by 𝑚𝑒 

To get the Debye number, another option is to apply 

the following equation:  

𝑁𝐷 =
4

3
𝜋𝑛𝑒𝝀𝐷

3 = 1.38 × 106𝑇3 2⁄ 𝑛𝑒
1 2⁄

… … … 7  

The pulse's intensity causes the plasma's electrons to 

heat up. This is consistent with previous research for 

Cd and other elements that showed raising the 

strength of pulses raised both Te and ne in the 

Cadumuim plasmas. Tables 3, and 4 numbers back 

up this claim. We note that as the laser pulse energy 

increases, the Debye length (λD) decreases; This is 

because lasers can have different effects on plasma, 

depending on their intensity and frequency. 

However, in general, increasing the energy of the 

laser pulse increases the temperature (Te) of the 

material by an amount sufficient to separate the 

outermost electron from the atom, and thus leads to 

a significant increase in electron density. 

 

Table 3. Plasma Parameters from Cd plasma plume by first harmonic generation laser (FHGL) 

 

 

λ = 1064 nm 

E 

(mJ)  

Te 

(eV)  

FWHM  

(nm) 

𝝎s 

(nm) 

Nr×1017 

(cm-3) 

Ne ×1016 

(cm-3) 

λD ×10-6 

(cm) 

fP ×1012 

(Hz) 

ND ×102 

particle  

250 

500 

1.063 

1.299 

2.41 

2.92 

2.04 

2.04 

0.99 

0.99 

5.84 

7.08 

3.17 

3.18 

2.17 

2.39 

7.79 

9.56 
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Table 4. Plasma Parameters from Cd plasma plume by second harmonic generation laser (SHGL) 

 

The increase in electron temperature found when 

using a primary laser with a longer wavelength 

compared to a second harmonic laser can be 

attributed to several factors, such as differences in 

laser-plasma interactions, energy absorption, or 

heating mechanisms. To determine the exact cause, a 

thorough investigation of the experimental setup, the 

interactions between the laser and plasma, and the 

underlying physics mechanisms would be necessary. 

It is postulated that the interaction between the 

plasma and the laser with longer wavelengths may 

result in an augmented transfer of energy to the 

electrons. The potential correlation between the rise 

in electron temperature and the utilization of a 

primary laser with a longer wavelength could be 

attributed to variances in energy deposition and 

absorption mechanisms. Wavelengths of greater 

length possess the ability to penetrate the plasma to a 

greater extent, so engaging with a larger quantity of 

particles facilitates the transfer of a greater amount 

of energy to the electrons. The increased energy 

absorption observed in this scenario may result in 

elevated electron temperatures in comparison to the 

second harmonic laser with a lower wavelength, 

which may exhibit limited penetration into the 

plasma. 

Conclusion 

Overall, this study compared laser-induced plasma 

from the primary and secondary harmonic 

frequencies of a cadmium metal target and examined 

plasma plume morphology, elemental composition, 

and spectrum emissions. This study revealed subtle 

differences between the two harmonic wavelengths' 

characteristics and behaviors through careful 

experimentation and data analysis. These findings 

affect spectroscopy, material science, and laser 

applications. As scientists study laser-plasma 

interactions, adding variables may provide even 

more deep findings. The effect of laser parameters 

(i.e., energy and wavelength) on the Cadmium 

plasma plume heating was studied.  Plasma 

temperatures are the highest in the fundamental laser 

(1064 nm) case compared with the second harmonic 

(532 nm) case; The electron density in the plasma 

plume at λ (532) nm is slightly higher than at λ 

(1064) nm; These results can be explained in shorter 

wavelengths by the effect of an increased mass 

ablation rate because Shorter wavelengths 

correspond to higher energy photons. When these 

photons interact with the material, they impart more 

energy per photon, which can lead to increased bond-

breaking and material removal.   
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λ = 532 nm 

E 

(mJ)  

Te 

(eV)  

FWHM  

(nm) 

𝝎s 
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 النبضي لليزر مختلفة موجية لأطوال LIBS تقنية المتولدة باستخدام للبلازما المقارن التحليل

 الكادميوم لهدف

 نسرين خليل عبد الامير، تقى اكرم خليفة

.العراق، بغداد، بغداد جامعةالعلوم للبنات،  كليةالفيزياء،  قسم  

 

 ةالخلاص

 للانهيار يفيالط التحليل طريقة باستخدام( Cd) الكادميوم من المنتجة للبلازما الطيفية الخواص تحليل هو الدراسة هذه من الهدف

 532) الثانوي قيالتواف والليزر( نانومتر 1064) الأساسي التوافقي الليزر البلازما توليد عملية استخدمت(. LIBS) بالليزر المستحث

 مدة تبلغ. بلورية كمادة( YAG) يتريومالإ الألومنيوم عقيق يستخدم. Q-switched بالنيوديميوم المخدر لليزر( SHL) الثاني( نانومتر

 وجيةم أطوال عند( جول ملي) 500و( جول ملي) 250 الطاقة مخرجات وكانت هرتز، 8 تكرار ومعدل نانوثانية، 10 الليزر نبضات

 والتي المستهدفة، المادة على الليزر تركيز خلال من للشعاع الدقيق التركيز تحقيق تم. التوالي على ،(نانومتر) 532و( نانومتر) 1064

 التجريبية اناتالبي تسخير خلال من بولتزمان مؤامرة طريقة باستخدام الإلكترون حرارة درجة قياس تم. الكادميوم من% 100 من تتكون

( 532 ، 1064) لمدة (O I) ،(Cd I) الأيونات وخطوط ،(N II) ،(O II) ،(Cd II) المحايدة بالخطوط المرتبطة الخطية للخصائص

 الأساسية لتوافقياتل كلفن 15068.4 إلى كلفن 8584 من الإلكترون حرارة درجة قيم تحديد إلى التحليلية المنهجية استخدام أدى. نانومتر

 بخط المرتبط ركستا توسيع تعريف ملف تحليل خلال من( ne) الإلكترون كثافة تحديد تم نفسه، الوقت في. التوالي على لليزر والثانية

 سطح على يزرالل طاقة تعديل طريق عن( الإلكترون وكثافة الإلكترون حرارة درجة) البلازما خصائص تحديد يتم. المحايد الكادميوم

 .البلازما عمود مسار طول على طولياً الهدف،

درجة حرارة الالكترون، توسيع ستارك، طريقة مخطط بولتزمان، مطياف الانهيار المستحث بالليزر، كثافة  الكلمات المفتاحية:

 الالكترون، الليزر التوافقي الثاني.


