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Technological progress is the engine of the development of civilization and brings with it a whole range of benefits 
manifested in every element of human life. However, it also entails many threats, such as environmental pollution, 
contamination of food products and household items. Some of these phenomena are unavoidable in technological 
processes generating a controlled amount of waste, the emission of carbon dioxide being spectacular. Their in-
tensity and extent are so powerful that they exert a fundamental influence on the face of the planet, even provok-
ing the name of the current geological epoch the Anthropocene. These processes have a degrading effect on the 
ecosphere, so we try to limit, control and optimize them. We strive for these activities to be international in nature, 
because only in this way are we able to avoid the long-term effects of our today’s prosperity.
Unfortunately, there are also many other phenomena involving accidental contamination or, worse, deliberate 
adulteration of chemical composition for economic gain or even crime. As a rule, they have less global impact, but 
their local effects tend to be much more detrimental to groups that have the misfortune to find themselves in the 
area of   influence. Despite making every effort, such actions elude any global counteraction strategies, as a result 
of which we hear every now and then about dangerous contamination of food (the counterfeiting of which has 
become a common misdeed), the presence of dangerous substances in toys or other commonly used objects, as 
well as the falsification of the chemical composition of materials. The main reason is the scale of the difficulty of 
conducting chemical analysis, requiring the use of advanced laboratory techniques using expensive reagents and 
requiring time-consuming sample preparation under restrictive and strictly defined conditions.



LIBS – principle of operation

A method with the potential to deal with at least some of these problems is LIBS (Laser Induced Breakdown 
Spectroscopy), which consists in generating a microscopic amount of plasma with a laser pulse, the luminance 
of which is then analyzed by a spectrometer. The most important advantages of this technique are: speed 
of operation, the possibility of application without the need for special preparation of samples or the use of 
reagents, as well as conducting analyzes outside the laboratory using portable systems. As a result, numerous 
LIBS measurement systems have been developed that have proven themselves in many fields of science 
and technology: from metallurgy and analysis of fossil raw materials, through applications in the automotive 
industry, agriculture and food industry, as well as in the protection of the environment and cultural heritage, to 
implementations in biotechnology and microbiology. The LIBS experiments performed with the ChemCam system 
sent to Mars with the Curiosity rover were a spectacular achievement. They were used for the chemical analysis 
of Martian soil. The LIBS apparatus is also involved in the current Perseverance mission. It is an element of the 
SuperCam system, which is used to search for organic soil components to verify the hypothesis about the existence 
of life in the past of the Red Planet. 
 
 
 
 
 
 
 
 

Despite these successes, the main problem that hinders the commercialization of LIBS are the difficulties 
with universality: the set-up as well as the data analysis must be optimized for a given application each time. 
Quantitative analysis requires calibration, which has a relatively narrow range of applicability limited by the so-
called matrix effect consisting in changes in the intensity of spectral lines for different matrix materials (e.g. nickel 
lines at 5% concentration in steel will have a different intensity than at 5% concentration in another alloy). In 
order to deal with this problem, the so-called CF - Calibration Free was developed, however, it requires the use of 
more accurate equipment and more advanced techniques of data analysis, which actually limits its application to 
scientific research carried out in the laboratory.

Although the problems with quantitative analysis are difficult, LIBS is a powerful qualitative analysis tool that allows 
to classify and segregate test samples. Thanks to this, it is an excellent means of fighting against counterfeiting 
of materials and detecting their contamination. Applications of this type are the subject of research at the LIBS 
laboratory at the Institute of Plasma Physics and Laser Microfusion (IPP&LM). 



LIBS Laboratory at IPP&LM

Research on LIBS at the IPP&LM has its origin in the development work on mastering fusion energy in the MCF 
variant (Magnetic Confinement Fusion), in which it became necessary to develop a method of removing fuel (deu-
terium and tritium) accumulating on the surface of the inner wall of the experimental chamber. When testing laser 
methods for this task, LIBS was proposed as a method of monitoring the deuterium concentration level, which, in 
the perspective of further research, may be used to design an automatic control system. 

Work on the adaptation of LIBS for the needs of international fusion programs has gained importance along with 
the exploration of issues related to the migration of material and pollutants from the main chamber of a fusion 
reactor (the so-called tokamak) to the divertor, i.e. an element of the device in which thermal interactions occur 
and which is used to pump out the product of thermonuclear reactions (helium-4). This led to the development 
of research in this field, which at IPP&LM went beyond fusion efforts to analyze other materials as well as enrich 
them. o elements of the application of machine learning (ML - Machine Learning). A variant of the LIBS method 
developed in IPP&LM is DP (Dual Pulse) LIBS, thanks to which it is possible to obtain much better signal dynamics, 
which minimizes measurement errors.

Background



Current research directions

In 2020, the LIBS laboratory was separated from the Laboratory of Plasma Research Using Spectroscopic Methods 
as the Laboratory of Laser-Induced Plasma Spectroscopy. The human core consists of scientists involved in 
the work on the adaptation of LIBS for fusion applications, whose crowning success was the first in the world 
measurements of LIBS using a remotely controlled head installed in the FTU tokamak in Frascati. This experiment 
was carried out in 2019 in cooperation with ENEA Frascati, after tests performed on the FTU mock-up in the 
previous year. Although work on the adaptation of the LIBS technique for the needs of fusion technology continues 
to be an important element of the laboratory’s activities, other research is also carried out to broaden the scope 
of competences. The main emphasis is currently placed on the adaptation of machine learning methods to the 
analysis of the obtained spectra. Due to the nature of this type of systems, not only experimental data are used 
for the work, but also simulation data, which provide the appropriate amount of data required by ML systems. 
The spectra are simulated using the LIBS tool provided by NIST (National Institute of Standards and Technology). 
Thanks to research on synthetic data, it is possible to properly select and optimize classification and regression 
algorithms using techniques such as logistic and linear regression, SVM, kNN, RF and various variants of artificial 
neural networks (ANN).
As a result of numerous experiments, many spectra were collected not only for materials used in fusion 
technology, but also for others such as metals and their alloys (including various types of steel), plastics, soils, 
minerals and organic samples. For some of them, e.g. steel, analyzes were carried out using machine learning 
methods, which confirmed the effectiveness of classification algorithms for both simulation and experimental data. 
In 2021, the experimental system was also adapted to conduct experiments on liquid samples. It was a preparatory 
study for a project aimed at analyzing the purity of water, which was submitted to the National Science Center. The 
prepared system takes advantage of the benefits of DP LIBS, which is particularly useful in the case of a signal that 
is difficult to detect, originating from the interaction inside the fluid.



Scientific equipment at the LIBS Lab

The laboratory has complete equipment for conducting spectrometric measurements using the dual-pulse LIBS 
method. The LOTIS TII LS-2134D system is used as the source of laser pulses. It allows the generation of pulses with 
a duration (FWHM) of 12-15 ns, energy up to 200 mJ and repetition rates up to 10 Hz. The pulse interval can be set 
in the range of 0-80 us with a resolution of 1 ns.

The laser can be used to trigger other devices through a TTL signal with a rising edge appearing when the flash is 
turned on or q-switch of the first or second channel (depending on the output used). It is also possible to trigger 
both the lamp and both q-switches from an external device, e.g. a spectrometer or a control system.

Detailed information is available on the manufacturer’s website: https://www.lotis-tii.com/eng/productid16.php
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Research infrastructure

The spectrometer used in IPP&LM is the MECHELLE 5000 equipped with the ISTAR image intensifier. It enables the 
observation of the spectrum in the range from 200 to 900 nm with a resolution / of 5000. Thanks to equipping 
the spectrometer with an image intensifier, it is possible to observe the phenomena occurring with the emission of 
low signal level, as well as to obtain a very good time resolution of measurements. The synchronization is very pre-
cise thanks to the equipment of the device with a DDG (Digital Delay Generator). It allows to adjust both the delay 
time and the gate opening with nanosecond resolution.
The spectrometer is controlled by the SOLIS software, which allows not only the identification of lines in the meas-
ured spectrum, but also various types of work, such as kinetic series, allowing for subsequent measurements with 
a constant or variable shift of the observation window, accumulation mode or narrowing of the observed spectral 
area (so one can get a higher repetition rate).
The data obtained from the spectrometer is processed and analysed using Python programs created by the team, 
thanks to which it is possible to batch conversion and calibration of the intensity, and then adjust the line and de-
termine the temperature and electron concentration.

https://andor.oxinst.com/products/mechelle-spectrograph/mechelle-5000

In order to build a system fully adapted to work outside the laboratory, in 2020 the originally available in OEM ver-
sion IBSEN FREEDOM UV-NIR FSA-380 spectrometer was adapted. It is an economical solution that offers a lower 
resolution, but is more compact and mobile, with the possibility of measuring in a wide spectral range. from 200 to 
1100 nm. Its key advantages are the ease of building systems and low sensitivity to external factors, e.g. vibrations.

Spectrometers

LLSW offer

• classification of any materials based on the original samples provided;

• detection of counterfeit materials;

• detection of contamination in materials;

• quantitative analysis of the content of specific components on the basis of calibration samples.


