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 Depth profiling data analysis: Matlab procedure  
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• Given the large amount of spectral data acquired during the experimental campaign «LIBS
for JET», ENEA has focused the management of the data analysis through the development
of scripts processing a large amount of spectral data in short time

• These scripts are developed in a MATLAB® environment and sequentially process the LIBS
spectra acquired with the Aryelle «full range» spectrometer, preliminarily converted into
‘.txt’ files.

• The conversion of the data from the proprietary format (‘.ary’) to ‘.txt’ has been performed
by using the “sophy nXt” proprietary software of the Aryelle



the operating scheme of the procedure is illustrated below:
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 Depth profiling data analysis: Matlab procedure  

Read Aryelle txt file (sequentially)

Look for representative emission lines of 
peculiar chemical elements

Compute the integral intensities (IIs.) of the 
emission lines

Store and save the IIs. of the lines

Display the IIs. as a function of the laser shots



A MATLAB procedure has been developed to perform multiple depht profiling analyses of the
acquired spectra looking at intense and free of interference emission lines of the elements.

‘for’ cycle to look for ‘.txt’ files in the folder#spectra counter
peak analysis function
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 Depth profiling data analysis: Matlab procedure  



A list of the emission lines considered for each element is shown below. The rationale for choosing
these lines is that they should be intense and as free from interference as possible.
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Atiom/Ion Wavelength (nm) Motivation

Be I 332.12 Be deposits on the divertor
areaBe I 457.27

W I 400.87 W substrate and redeposited
material from erosion

W I 407.44

Ta-Da-Ha 656-656.3 Unburned (or implanted) fuel

Mo I 550.65

Mo interlayer (if present)Mo I 553.3

Mo I 557.04

Cr I 425.43
Inconel structural material

Cr I 428.97

Ni I 341.47

Inconel structural material
Ni I 345.85

Ni I 346.16

He I 587.58 Reaction product

Ex 1:
775_14ONG8A_R2C2
Be I line
at 332.12 nm 

Ex 2:
775_14ONG8A_R2C2
W I line
at 400.87 nm 

 Depth profiling data analysis: Matlab procedure  



A MATLAB procedure has been developed to perform multiple depht profiling analyses of the
acquired spectra looking at intense and free of interference emission lines of the elements.

Look for Ni I @ 341.48 nm…

Look for W I @ 400.87 nm…

Look for Be I @ 332.11 nm…

Look for Mo I @ 550.65 nm…

Ex. WEST sample C3-34-iK (VTT campaign in March 2024)

Mo interlayer

W layer

Surface contamination

(T)+D+H signal
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 Depth profiling data analysis: Matlab procedure  



The entire output is displayed in two graphs showing line intensities as a function of laser shots, both
with linear and semi-logarithmic scales. Graph can be saved in common graph formats (e.g. .tiff or
.jpeg) and data in .txt format for further analyses or processing.
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775_14ONG8A_R2C2

 Depth profiling data analysis: Matlab procedure  
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 Depth profiling data analysis: Expected Results and information   

With these procedures the following information on the PFCs of the divertor can be obtained:
1) thickness of the layer of redeposited material as a function of the applied laser shots along the whole divertor profile
2) Presence of unburned fuel (T+D) and its distribution in-depth
3) possible traces of eroded structural materials (mainly Ni and Cr from Inconel steel)
4) Intensity ratio T+D+H/W for qualitative in-depth distribution of T+D+H

Ex: LIBS at JET. Point 59_HFGC_LH14W_R1C1
-- Redeposited layer (strong Be signal) -- Surface layer (High T-D-H/W ratio, red dots)
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The procedure takes a few seconds per spectrum to complete, the processing time depending on the
performance of the PC used. Ex. this PC (CPU intel core i5, RAM 8 GB) = 293.5 sec for 200 spectra

Data

Routine Outputs: 
(in light blue)
IIs of the emission
Lines as a function of 
The applied laser shots

Elapsed time

 Depth profiling data analysis: Matlab procedure  
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 Depth profiling data analysis: Expected Results and information   

The information obtained concerns the presence and thickness (preliminarly in terms of laser shots) of
the layers deposited on the surface of the divertor PFCs, the in-depth distribution of nuclear fuel and any
erosion phenomena of the PFCs.
The average ablation rate for Be has been estimated on point 702_IWP_808_R1C1: 8 mm Be coating on
Inconel steel ≈ 50 shot AAR 160 nm per shot



 Calibration free analysis: Matlab procedure  
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The CF procedure (Appl. Spec. 53(8), (1999), 960-964) aims to quantitatively
estimate the chemical elements detected in the LIBS plasma. CF will be applied to
estimate the concentration of T+D+H (the latter being present as residual
impurity in the spectrum) respect to W (bulk material of the divertor PFCs) and
respect to Be (bulk material of the first wall and major eroded material on the
divertor PFCs).
CF is based on the experimental intensities of the emission lines.
Indeed, if the LIBS plasma can be considered in local thermodinamic equilibrium
(LTE) these intensities can be expressed as follows:

𝐼𝜆
𝑘𝑖 = 𝐶𝑠𝐴𝑘𝑖

𝑔𝑘𝑒
−(  𝐸𝑘 𝑘𝐵

𝑇)

𝑈𝑠(𝑇𝑒)

where, 𝐼𝜆
𝑘𝑖 = exp. intensity of the ki transition, 𝐶𝑠 =

concentration of the species, 𝐴𝑘𝑖 = transition probability for the given
line, gk is the k level degeneracy, 𝐸𝑘 the upper energy level of the
transition, 𝑘𝐵

𝑇 = Boltzmann constant, Us(T ) is the partition function for the

emitting species at the plasma temperature Te.

The emission lines of each species can be plotted as points in a graph

(Boltzmann plot, BP) and their linear fits give an intercept, qs which is
related to the relative concentration of the species through the following
equation:

𝐶𝑠 =
𝑈𝑠(𝑇𝑒)

𝐹
𝑒𝑞𝑠

(Appl. Spec. 53(8), (1999), 960-964)

qs(Al I)

qs(Mg II)

qs(Mn II)
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To apply the CF procedure it is necessary to consider the atomic and ionic emission lines of each element under analysis,
complete of their spectroscopic parameters and the partition function of the emitting species at the plasma temperature;
this was done for W I, W II, Be I, Be II, H(D,T), the data being retrieved from the NIST website
(https://www.nist.gov/pml/atomic-spectra-database). Below (left) an example of the data for W I and (right) the partition
functions of W I and H at typical temperatures of the LIBS plasmas.

wv (Å) Ek(eV) gk giEi(eV) Aki (108s-1) T (K) U(T) T (K) U(T)

 Calibration free analysis & Matlab procedure: compute Te

NIST data

https://www.nist.gov/pml/atomic-spectra-database


 Calibration free analysis & Matlab procedure: rescale the experimental intensities 
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the operating scheme of the procedure is illustrated below:

Read Aryelle txt file (one by one)

Rescale the experimental emission intensities taking into account the response of 
the whole spectroscopic system

Make the extended Boltzmann Plot (BP) for W I and W II and compute Te. 

Make the BP for W + (H+D+T) and, from the intercepts, compute the [H+D+T]/[W] 
concentration ratio

Include other elements: Be as dust in the divertor region and 
as bulk material in the first wall…

Consider the three W I emission lines 426.94 nm, 429.46 nm, and 430.21 nm and 
compute ne
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Two preliminary steps have been applied to the raw data to make them suitable for CF:
1. Rescaling the intensity of the emission lines through the spectra of the D lamp and the Integrating sphere

(intensity calibration)
2. Subtraction of the background signal induced by the spectrometer orders (background subtraction)

The intensity calibration was obtained by comparing the reference spectral signal of the stabilized deuterium UV light
source and the 5W integrating sphere with that obtained by the Aryelle spectrometer.

Experimental Theorethical

 Calibration free analysis & Matlab procedure: rescale the experimental intensities 
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After the comparison, a calibration file, containing multiplication factors as a function of the wavelength was obtained
for the region from 260 to 370 to rescale the experimental intensitiy with that theoretical of the deuterium lamp and
from 370 to 740 nm to rescale the experimental intensity with that theoretical of the 5W integrating sphere.

 Calibration free analysis & Matlab procedure: rescale the experimental intensities 



The background subtraction was obtained by applying an iterative smoothing procedure with a moving average filter (3
close points) to the original data in order to suppress the peaks and obtain a smoothed background to subtract to the
original data. The net result is a full range spectrum without any additional background signal from the sequence of the
spectrometer’s orders, as shown as an example in the following figure:
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 Calibration free analysis & Matlab procedure: rescale the experimental intensities 
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To make the BP of each chemical species more reliable to obtain it is a
common procedure to make the extended BP, where atoms and ions
are displayed together in the same BP, once the coordinates of the ions
are modified as follows:

𝐸𝑘−𝑖𝑜𝑛𝑠 = 𝐸𝑘→𝑖 + 𝐸𝑖𝑜𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛

ln
𝐼𝑘→𝑖

𝑔𝑘 𝐴𝑘→𝑖 𝑖𝑜𝑛𝑠

= ln
𝐼𝑘→𝑖

𝑔𝑘 𝐴𝑘→𝑖

-𝑙𝑛 2
𝑚𝑘

2𝜋ħ2

3

2 𝑇
3
2

𝑛𝑒

therefore, the electron density, ne is the needed parameter to include
ions in the BP of the species.
Through the knowledge of ne it is also possible to have the relative
concentration of atoms and ions of the same chemical species through
the Saha-Boltzmann equation:

𝐶𝑖𝑜𝑛𝑠

𝐶𝑎𝑡𝑜𝑚𝑠
=

2𝑈𝑖𝑜𝑛𝑠(𝑇𝑒)

𝑛𝑒𝑈𝑎𝑡𝑜𝑚𝑠(𝑇𝑒)

𝑚𝑘𝐵𝑇

2𝜋ħ2
𝑒
−
𝐸𝑖𝑜𝑛
𝑘𝐵𝑇

(Eion = ionization energy, m = electron mass)

necessary to correctly quantify the concentrations of the chemical species

 Calibration free analysis & Matlab procedure: compute ne

*Spectrochim. Acta B 62 (2007) 378–385
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The electron density was computed according to the following formula:

𝑛𝑒 =
Δ𝜆𝐹𝑊𝐻𝑀

𝑤𝐹𝑊𝐻𝑀
0 (1023𝑚−3)

where Δ𝜆𝐹𝑊𝐻𝑀 is the experimental line broadening (reduced by the
instrumental broadening which was estimated through the emission lines of
the low pressure Hg lamp)

and 𝑤𝐹𝑊𝐻𝑀
0 is the Stark parameter of the three W I lines at 426.9, 429.4,

430.2 nm from the Nishijima and Doerner publication (J. Phys. D: Appl.
Phys. 48 (2015) 325201 (6pp)):

 Calibration free analysis & Matlab procedure: compute ne
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Searching in the database accessible by the procedure, the experimental spectrum is compared with the theoretical one and
if the spectral distance between experimental and theoretical lines is below a certain threshold (typically 50 pm) the lines
are identifed. Using these lines the extended BP for W ( and, in the next steps, for Be) can be setup.

Ek

ln
(𝐼
𝜆𝑘
𝑖 /
𝑔
𝑘
𝐴
𝑘
𝑖)

Evaluate the spectral distance

Prepare data for H-D-T (z = 1)
Compute ln(𝐼𝜆

𝑘𝑖/𝑔𝑘𝐴𝑘𝑖)
Assign Ek

routines for Be (atom and ions) 

routines for W (atoms and ions) 

W atomic lines
W ionic lines

 Calibration free analysis & Matlab procedure: compute Te

H-D-T

Be I 
Be II

W I 
W II
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Once the Extended BP for W is setup, the sum of the spectral signal of the Balmer alpha emission Ta, Da, Ha is included in the
BP because the Aryelle spectrometer cannot spectrally resolve the three emission lines but consider the T+D+H signal as a
single spectral emission. By applying CF the relative concentration [T+D+H]/[W] is obtained and rescaled in percentage.

 Calibration free analysis & Matlab procedure: evaluate [T+D+H]/[W]

Line wv(nm) Ei (eV) Ek(eV) gkAki(s
-1)

Ta 656.047 10.2 12.09 3.88

Da 656.107 10.2 12.09 3.88

Ha 656.285 10.2 12.09 3.88

T+D+HW atomic lines

W ionic lines
* Data taken from NIST
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 Calibration free analysis & Matlab procedure : Expected Results and information   

With these procedures the following information on the PFCs of the divertor can be obtained:

1) Atomic concentration (%) of T+D+H with respect to W (bulk material)
2) (ongoing) Atomic concentration (%) of T+D+H with respect to Be (redeposited material)
3) In-depth atomic concentration (%) of T+D+H with respect to W (bulk material) and Be (ongoing)
4) Electron temperature and electron density of the LIBS plasma
5) Estimated processing time (currently): ≈ 15 sec per spectrum
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 Conclusions

1) The automatic procedure we are going to implement allows to process large amounts of spectral data in relatively
short times

2) The development of such routines has focused on obtaining two main information:

1) The qualitative in-depth distribution (as a function of the applied laser shots) of the main chemical elements of
interest, with particular attention to T+D(+H), H being present as a residue of environmental contamination

2) The concentration of T+D(+H) with respect to tungsten, considered as bulk material of the divertor PFCs

3) The further development of the scripts is planned to include in the processing also Be, as bulk material of the first
wall and obtain data for the concentration of T+D(+H), in PFCs of the first wall.


