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EXPERIMENTAL 

A Q-switched Nd:YAG (CFR, 
Quantel, 80 mJ per pulse) operating 
at fourth harmonic frequency 
(λ=266 nm) was used. The optical 
signal was recorded by  the echelle 
type (ME 5000, Andor) and VUV 
(McPherson) spectrometer. 
Measurements were done under He 
atmosphere at 1 330 Pa and with 
gate delay time = gate width time = 
100 and 500 ns. 

INTRODUCTION 

Tungsten (W) is fusion relevant material for the divertor in the ITER and a ITER like facilities for few years. Because of that is under the scope of researcher. 
One of the points of interest is impurities retention and extraction. Main source of impurities are hydrogen, deuterium and tritium. Laser induced breakdown 
spectroscopy (LIBS) shows its potential as diagnostic tool for detection such impurities [1-4]. There is more about the method in the section below.  

LIBS 

LIBS method introduced by Ciucci et al [5]. The  original idea was to ablate a small amount 
of a sample by focusing laser beam to its surface. After reaching sufficient power density, 
the small volume of surface is evaporated and a plasma plume is created. Recording optical 
signal from plasma plume grants opportunity to determine elemental composition of the 
sample (quantitative and qualitative). This is based on determination of an electron density 
and temperature. The electron density is calculated from the Stark broadening usually of 
the hydrogen alpha spectral line (656 nm). The electron temperature is determined from 
multi elemental Saha-Boltzmann plot. Experimental equipment is show at Fig. 1.  

WORK DONE SO FAR part one 

LIBS was used as an investigative tool. The set of 
experiments on W were carried out with the use of the 
near vacuum UV spectral range. In this work we 
investigate te composition of W samples under vacuum 
[6]. Example of the spectra from these measurements in 
at Fig. 2. The electron density was determined from H 
alpha spectral line and the electron temeperature from 
Saha-Boltzmann plot of W I – W III spectral lines. 
Example of the Saha-Boltzmann plot is at Fig. 3. Relative 
density of different ionization states of tungsten as a 
function of temperature for corresponding electron 
densities is at Fig.4. Summary of the result obtained from 
this experiment is in Table 1. Experimental conditions for 
this measurements are in the part Experimental.  
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Fig. 1 Experimental equipment of CF-LIBS. 
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Temperature-- 0.87

Adj. R-Square 0.95
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100 1.22 1.21 

2.21x 

1023 2.1 94.8 3.1 

500 0.87 0.85 

1.06x102

2 1.9 97.9 0.2 

100 1.022 T determined without taking W III lines 

into account 500 0.725 

Fig. 3 Saha-Boltzmann plot. Fig. 2 Example of the spectra recorded by McPherson spectrometer. 

Table 1. Summary of the lectron temperature, density and ionization degree 
composition for W LIBS under He (1 330 Pa), for delay 100 ns and 500 ns repsctively. 

WORK DONE SO FAR part two 

LIBS was again used as an 
investigative tool. In this case we 
focused on the determination of the 
D-alpha spectral line presence in 
various kind of the samples (Al on 
Mg substrate, Be on Mg substrate 
and three different W on Mg 
substrate). All measurements were 
done under vacuum and 0.5 Torr in 
Ar atmospehe. Example of the 
investigated D-alpha spectral line is 
at Fig. 5 (lamp spectral line). Decay 
of H-alpha spectral line in w sample 
for first five shots is at Fig. 6.  
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Fig. 5 D-alpha spectral line 
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Fig. 6 Decay of H-alpha spectral line within first five shots 

Acknowledgement:  
The authors thank for financial support from the Scientific Grant Agency of the Slovak Republic (VEGA) under the contract No. 1/0925/14, No. 1/0914/14 and also Slovak 
Research and Development Agency under the No. DO7RP-0021-12. Authors also thank for financial support from Comenius University grants numbers UK/301/2015. This 
work has been carried out within the framework of the EUROfusion Consortium and has received funding from the Euratom research and training programme 2014-2018 
under grant agreement No. 633053. The views and opinions expressed herein do not necessarily reflect those of the European Commission. Work performed under 
EUROfusion WP PFC. 
 

0.4 0.6 0.8 1.0 1.2 1.4 1.6

1

10

100

 W I   100 ns   W I   500 ns   W II  100 ns

 W II  500 ns   W III 100 ns   W III 500 ns

R
e

la
ti
v
e

 c
o

n
c
e

n
tr

a
ti
o

n
 (

%
)

Te (eV)

Fig. 4 Relative density of different ionization states of tungsten  


