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LIBS imaging

An example with a mine ore: Ge

A. Cugerone et al. Geology 48 (2019)
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Issues with Data Processing
Generalities

Kurucz simulation T,= 9000K, N_= 5.107 /cm3

Emission

Spectroscopy

Complex spectral structure
Some elements have a very dense
emission spectrum with thousands
of lines (Ti, Fe, etc...)

High sample heterogeneity
By principle the aim in LIBS imaging
is to reveal the heterogeneity of
elements
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Issues with Data Processing
Generalities

Kurucz simulation, N .= 1.10% /cm?3

Emission

Spectroscopy

lonic

lines

Complex spectral structure
Some elements have a very dense
emission spectrum with thousands Atomic

of lines (Ti, Fe, etc...) lines

High sample heterogeneity
By principle the aim in LIBS imaging
is to reveal the heterogeneity of
elements

Dependence on plasma
parameters



Issues with Data Processing
Dynamic range in “concentration”

Simulation: J. Hermann

Self-Absorption

N

[

6 orders of magnitude



Issues with Data Processing

To resume

Large Spectral Dataset

> millions of spectra

Up to 3 spectrometers (i.e. ~ 6000 wavelength
channels)

Complexity of the Emission Spectra

Complex structure in wavelength (line interferences)
High dynamic range in intensity

Non linearity All the more
challenging as the

Plasma variability :
sample is complex

Single shot analysis



Data Processing



Data Processing
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LIBS-based imaging

Principle & Instrumentation

Specificities and Data Processing
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Perspectives



1. Characterization of the aggregates
2. Carbon extraction

Need of a real time processing to identify minerals
—> accurate discrimination between the carbonates



Artificial Neural Network
Through an automated processing?



Methodology

Key point
~ 1400 reference spectra
For 8 categories

3 steps

* Learning
e \Validation
* Step
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Deep learning in LIBS imaging
A dream?

Nécessite une grande
quantité de spectres
de références...

Simulation...
S(4) = f(T,Ne, C,)



Deep learning in LIBS imaging
Spectra simulation

Assuming a uniform plasma in LTE
(Local Thermodynamic Equilibrium):

Boltzmann equation: Population density of the emitters

= - E z=1 (singly ionised)

|; — f hC Aozcgé Noz! E‘Xp Eozz z=0 (neutral)
A, UA(T)

Saha equation: lonization states

NI 2 U;(T)( mkT f’zexp EL -AE
N NeU>(T)\ 277’ kT

Spectral radiance (self-absorption)

B, = B}(1—e™ ™)

7(1) Optical thickness

Collaborations
Jorg Hermann
Ludovic Duponchel

Simulation of pure elemental
emissions for various T and Ne
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