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WELCOME

Dear Colleagues,
Welcome to the 13th EMSLIBS meeting!

We are delighted to welcome you to Paris to attend the 13th edition of the
European Conference on Laser-Induced Breakdown Spectroscopy (EMSLIBS),
taking place from the 26th to the 30th of January 2026.

Following the tradition of previous successful editions, we have designed a
program that combines high-quality science with the opportunity to network in
one of the world's most beautiful cities. This year's conference features a diverse
scientific program with keynote presentations by leading experts, innovative
contributions from both industry and fundamental science, and a special focus on
multimodal applications and heritage science.

We would like to thank our sponsors for their support, which is essential to the
success of this event. We hope you enjoy the scientific exchanges and the social
events we have planned for you in the City of Light.

Sincerely,
Conference Chair

On behalf of the Organising Committee
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FULL PROGRAM

DAY 1

MONDAY | 26TH JANUARY

08:00 | REGISTRATION

10:00 | Welcome

Fabien Lefebvre, Scientific Advisor, Research and Programs Department, CETIM
Isabelle Pallot-Frossad, President, Foundation for Heritage Science

Victor Etgens, head of the Research department, C2RMF (Cultural Ministry of France)

10:45 | SESSION 1: INDUSTRY 1 CHAIRS: JEAN-BAPTISTE SIRVEN / CLARA
BURGOS PALOP

o KEYNOTE 1: Reinard Noll /Implementation of LIBS in industry — challenges, obstacles, and success
stories

¢ 11:30 | Oral 1 - Jens Riedel Introducing a Unified Formal Ontology for LIBS
® 11:45 | Oral 2 - Derrick Quarles High-Speed Elemental Imaging via Kilohertz LIBS Imaging

©12:00 | Oral 3 - Alexandre Cherrier LIBS signal enhancement of analytes in liquids using
microstructured substrates

¢ 12:15 | Oral 4 - Michael Gaft L/BS and LIBS-MLIF for Isotopic Analysis of Mg, Ge, and Sn
12:30 | LUNCH

13:45 | Ludovic Duponchel : Data Challenge

14:15 | SESSION 2: INSTRUMENTATION 1 CHAIRS: OLIVIER MUSSET /
LAURA GARCIA-GOMEZ

¢ 14:15 | INVITED 1: Vincent Motto-Ros Element-specific challenges as a driving force for u-LIBS
imaging

® 14:45 | Oral 5 - Yannick Conin Real-time Predictive LIBS Target Selection for Heterogeneous
Materials via HSI-3D Sensor Fusion

©15:00 | Oral 6 - Clara Burgos Palop Laser Ablation Microsampling Enables Chemical
Characterization of Meteorites by Single-Particle LIBS

¢ 15:15 | Oral 7 - Alessandro De Giacomo Laser-Induced Breakdown Spectroscopy for In-Flight
Elemental Analysis of Volcan Ash

15:30 | COFFEE BREAK
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16:00 | SESSION 3: INDUSTRY 2 CHAIRS: PEDRO JORGE / LUISA LEMERLE
¢ 16:00 | INVITED 2: Alfred Vogel Interplay between luminescence and thermomechanical events
relevant for LIBS in air and water

¢ 16:30 | Oral 8 - Daniel L'hermite L/IBS development for stratigraphic oxygen analysis on metals

¢ 16:45 | Oral 9 - Jordan Fernandes Revealing Microstructural Secrets of Alloys with High-Resolution
LIBS Imaging

¢ 17:00 | Oral 10 - Chris Priifert L/BS in Ore Flotation, a Multi-Phase Case Study

¢ 17:15 | Oral 11 - Johannes Pedarnig Surface cleaning monitored by LIBS and Optical emission
spectroscopy

¢ 17:30 | Oral 12 - Frédéric Pelascini L/IBS activities at CETIM: from the laboratory to industry

18:00 | VISIT / SOCIAL EVENT
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Implementation of LIBS in industy — challenges, obstacles, and
success stories

R. Noll’, J. Makowe, V. Moerkens, and M. Dargel
Laser Analytical Systems & Automation GmbH (LSA), Gewerbepark Brand 78, 52078 Aachen, Germany

*Corresponding author: reinhard.noll@lsa-systems.de

The appeal of LIBS lies in the apparent simplicity of the process and its experimental implementation: a
pulsed laser source, optics, spectrometer—and you're ready to go. This is undoubtedly why LIBS has been
and continues to be embraced by numerous research institutions and universities far beyond the physics and
chemistry departments. Since virtually all chemical elements can be analyzed in all states of aggregation, a
wide range of applications is opening up. The machine learning methods that have emerged increasingly
over the last decade and their easy accessibility have further driven this development.

In contrast, industrial implementations are still rather rare. The challenges involved and the obstaclesto be
overcome will be highlighted using examples. A selection of successfully implemented industrial applications
of LIBS will demonstrate its potential for inline measurement directly in a processing line. An outlook will
sketch challenging research and development topics for the future.
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Introducing a Unified Formal Ontology for LIBS

Jens Riedel!

BAM, Federal Institute for Materials Research and Testing, Division “Instrumental Analytics ”, Berlin,
Germany

*Corresponding Author E-mail: (jens.riedel@bam.de)

In applied analytical Chemistry, laser induced breakdown spectroscopy (LIBS) has still not
taken its deserved role as a standard routine for determining the elemental composition. As compared to
alternative methods such as e.g. x-ray fluorescence (XRF), the applicability of LIBS is not reflected in
the commonness of its implementation to solve real-life analytical tasks. Despite for LIBS, for XRD a
wide range of experimental spectral libraries can be found, facilitating the use as a standard analytical
tool. Oftentimes the strongly pronounced matrix effect, i.e. the characteristic answer pattern of a LIBS
emission spectra depending on the samples’ main components is named to be the main culprit for this
underrepresentation. In strong contrast, another factor, its experimental simplicity, is commonly
addressed as one of the main advantages of LIBS. In this talk, this flexibility is identified as an even
stronger opponent to LIBS’ widespread distribution, since a vast flexibility intrinsically hampers unified
commonalities and eventually makes a comparison impossible. As a consequence of a lack of a
harmonized agreement of common practice in LIBS, most databases are consisting of simulated spectra,
not taking into account the individual impacts of minute experimental details. Since today, data analysis
is the fastest growing field in all analytical sciences, LIBS, thus, misses out on a great opportunity to
piggybackthis nimbus. An obvious pathto overcome this, is the use of semantic web technology, namely,
formal ontologies as a means of digital knowledge representations.[1]

In this talk, a unified formal — i.e. machine interpretable — Ontology is presented, which is capable of
summarizing and contextualizing all relevant metadata of any give experiment. If annotated, this
metadata convention can make each LIBS spectrum universally understandable and eventually paves
the foundation to the creation of libraries, not only containing data but a library of spectra representing
a repository of generalized LIBS-information, interpretable in todays’ semantic web formalism.

Despite the launch of the first academia-driven open-source Ontology for LIBS, this talk will give a
number of practical examples why metadata, the additional content which allows for a translation of raw
data into information, can be critical in LIBS as well. These case studies will cover the retrieval of
additional information by designed modulation of the repetition rate, the influence of the excitation
wavelength and pulse duration on the obtained LIBS spectra and the translation efforts from real-case
space exploration spectra to calibration experiments conducted under earth’s atmosphere.

Keywords: Metadata, Harmonization, Digitalization, Semantic Web, Ontologies

REFERENCES

[1] Bayerlein, B.; Hanke, T,; Muth, T.; Riedel, J,; Schilling, M.; Schweizer, C,; Skrotzki, B.; Todor,
A.-A.; Moreno Torres, B.; Unger, J. F,; Volker, C,; Olbricht, J. A Perspective on Digital
Knowledge Representation in Materials Science and Engineering. Advanced Engineering

Materials 2022, 24 (6),2101176. https://doi.org/10.1002/adem.202101176.
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High-Speed Elemental Imaging via Kilohertz LIBS Imaging

C. Derrick Quarles Jr. !, Hunter B. Andrews?, Benjamin T. Manard?, Alex Zirakparvar?, Joe
Petrus®, and Lyndsey Hendriks*

'Elemental Scientific Inc., Omaha, Nebraska, USA
20ak Ridge National Laboratory, Oak Ridge, Tennessee, USA
}Elemental Scientific Lasers, Bozeman, Montana, USA

“University of Vienna, Vienna, Austria

Laser-induced breakdown spectroscopy (LIBS) has become a very popular technique for spatially
determining trace and major elements. LIBS offers the ability to measure C, H, O, N, and F, which are often
difficult or unattainable by laser ablation—inductively coupled plasma mass spectrometry (LA-ICP-MS). Ir
some examples, samples may exist with a somewhat (>25 cm2) large two-dimensional foot print while
requiring spatially resolved elemental analysis. In suchinstances, larger samples maynotbe readily suitable
for standard laser ablation chambers, therefore requiring a different sampling interface. Although LA-ICP:
MS can perform high-speed imaging at 1,000 Hz, it requires small spot sizes and fast single pulse responses
(<10 ms). For larger samples, greater spot sizes are required to keep the analysis within a reasonable time
frame. In this case, LIBS is the ideal choice because the laser itself is the time limiting factor foi
measurements.

In this work, a new, large-format, high-speed LIBS system for analyzing samples that can be as large as
500 cm?2 will be presented. This system uses a multichannel complementary metal-oxide—semiconductor
(CMOS) spectrometer to collect the spectral signal from 190 to 1,100 nm. The laser used in this work was
a 193 nm ArF excimer laser operated at 1,000 Hz and with a 50 x 50 pum to 200 x 200 um laser spot size
The samples analyzedin this work included granitic pegmatite, granite, tree rings, and cavebear teeth. These
samples varied in size, from 20 cm2 up to 400 cm2, resulting in an output of up to 2.5 million pixels pel
hour.

Book of Abstracts
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LIBS and LIBS—-MLIF for Isotopic Analysis of Mg, Ge, and Sn

M. Gaft!", L. Nagli', J. Fernandes?, V. Motto-Ros?

1Physical Department, Ariel University, Ariel 40700, Ariel, Israel

Institut Lumiere Matiere UMR 5306, Université Lyon 1-CNRS, France

*michaelga @ariel.ac.il

Isotopes are widely applied in scientific research and industry. Traditional methods for detecting
isotopes include mass spectrometry, radiation detection from spontaneous radioactive decay, and
neutron activation analysis. However, they all have drawbacks in practical applications, especially
considering the potential for stand-off capability. LIBS is a promising way for real-time online analysis
of isotopes. The vibrational and rotational components of molecular quantum energy levels strongly
depend on the mass difference between isotopes. LAMIS is a well-known technique for isotopes
analysis, mainly for light elements [1]. We demonstrated the feasibility of LAMIS for heavy REE and
that its potential can be expanded by combining it with MLIF [2]. The topic of our presentation is the
extension of this research for several metallic elements with atomic masses ranging from 24.3 to 118.7
amu. Magnesium, the lightest studied element, exhibits a strong MgO emission in LAMIS; however,
the intensive lines belong to electronic transitions with Av=0, which are not suitable for isotopic shift
analysis (Fig. 1a). The (1-0) transitions have a significant theoretical isotopic shift of 0.6-0.5 nm, but it
is extremely weak. Potentially, it may be overcome by LIBS-MLIF. Tin, the heaviest element, exhibits
LAMIS with broad molecular bands and interfering atomic lines (Fig. 1b). The LIBS-MLIF enables the
acquisition of several molecular transitions suitable for isotopic analysis in clear form (Fig. c).
Germanium, intermediate in weight, exhibits LAMIS with weak and broad molecular bands and
interfering Ge I atomic lines (Fig. 1d). The LIBS-MLIF enables the acquisition of several electronic
transitions with large Av, where the 0-5 one appears to be the most suitable for vibrational isotopic shift
analysis (Fig. 1e), with an isotopic shift for 7*Ge and "°Ge of 0.27 nm (28.9 cm™) (Fig. 1f).

Keywords: LIBS, MLIF, isotopes, Mg, Ge, Sn
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Fig.1 LAMIS and LIBS-MLIF of Mg (a), Sn (b-c), and Ge with its isotopes

REFERENCES

[1] R. E. Russo et al. Laser ablation molecular isotopic spectrometry. Spectrochimica Acta Part B
66(2011)99-104.

[2] M. Gaftetal. High-resolution LIBS and LIBS-MLIF of REE molecular emission in laser-induced
plasma. Spectrochimica Acta Part B 204(2023)106667.
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Laser-Induced Breakdown Spectroscopy for In-Flight
Elemental Analysis of Volcan Ash

Alessandro De Giacomo!-2, Aya Taleb!, Marcella Dell’Aglio?, Rosalba Gaudiuso', Daniela
Mele3, Pierfrancesco Dellino3

'Department of Chemistry, University of Bari, Via Orabona 4, Bari, Italy
’CNR-IFN, c/o Physics Department, University of Bari, Via Amendola 173,Bari, Italy
'Department of Earth and Geoenvironmental Sciences, University of Bari, Via Orabona 4, Bari, Italy

Real-time analysis of fine ash in volcanic plumes, which represents magma fragments expelled from the
crater during explosive eruptions, is a valuable tool for volcano monitoring and hazard assessment. In
this paper, in-flight LIBS experiments based on self-calibrated approaches are used to determine the
elemental composition of suspended volcanic ash [1].

To this aim, an ultralight, compact LIBS system has been designed to be mounted on an eightpropeller
drone. In order to simplify the technology and bypass issues related to the lack of reproducibility during
in-flight measurements, the quantitative analysis is performed using a fully selfcalibrated analytical
method, including calibration-free LIBS. This approach is based on the calculation of the spectral
radiance of a uniform plasma in apparent local thermodynamic equilibrium. In short, for each
measurement, the system self-calibrates the spectral response by forcing all emission lines of each
element to follow an apparent Boltzmann distribution. The calibration-free approach is then applied for
quantitative analysis.

Although from a theoretical point of view the proposed method strictly works only if it is assumed that
any deviation from equilibrium is the same for all elements during the integrated time measurement,
previous laboratory tests have shown excellent quantification down to 0.1% [2], while trace elements
are detectable but not quantifiable.

Finally, instrumental aspects related to LIBS sensor-drone coupling and real in-flight ash measurements
will be critically discussed to highlight perspective and limits. Keywords: LIBS sensor; Drone; Self
Calibration;

REFERENCES

[1] De Giacomo A., Dell'Aglio M., Salajkova Z., Vanickova E., Mele D., Dellino P., Real-time
analysis of the fine particles in volcanic plumes: A pilot study of Laser Induced Breakdown
Spectroscopy with Calibration-Free approach (CF-LIBS) (2022) Journal of Volcanology and
Geothermal Research, 432, art. no. 107675

[2] Taleb A., Dell’Aglio M., Gaudiuso R., Mele D., Dellino P., De Giacomo A., Self-Calibrated
LaserInduced Breakdown Spectroscopy for the Quantitative Elemental Analysis of Suspended
Volcanic Ash (2024) Applied Spectroscopy, 78 (7), pp. 714 — 726.
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Interplay between luminescence and thermomechanical
events relevant for LIBS in air and water

Alfred Vogel'*, Ye Tian?, Ziwen Jia?, Ingo Apitz!, Xiao-Xuan Liang!,
Haigang Wen?3, Zhifeng Yao®

1) Institute of Biomedical Optics, University of Liibeck, Peter-Monnik-Weg 4, Liibeck, Germany
2) College of Physics and Optoelectronic Eng., Ocean University of China, Qingdao, China
3) College of Water Resources and Civil Engineering, China Agricultural University, Beijing, China

*alfred.vogel@uni-luebeck.de

Creation of sufficient ablated material for LIBS requires high-density plasma as a starting point
but material analysis relies on the detection of line spectra at the luminescent low-density plasma/
excited vapor stage reached after plasma expansion and cooling. Understanding the evolution of
temperatureand pressure distributions and its interplay with luminescence signaturesis pivotal for signal
interpretation and optimization. Plume dynamics after water ablation in air and the cavitation bubble
dynamics after optical breakdown in bulk water are taken as examples for an analysis of this interplay.

Interplay in air. Water is ablated by 2940-nm, 60-ns Er:Y AG laser pulses, and the plume
dynamics analyzed by stroboscopic white-light schlieren color photography [1]. Initial plume and
ablative recoil pressure are deduced from shock wave propagation speeds via Hugoniot relations for air
and water. Plume color contains info on local vapor and mixed-phase states and on droplet size. The
compression of ambient air during plume expansion results in a back-propagating inner shock wave that
reheats and mixes central plume regions. Such vivid evolution of the global pressure and temperature
distribution will occur also after plasma-mediated ablation and influence light emission in LIBS.

Interplay in water. For ambient pressures p,, between 0.1 MPa and 50 MPa, the breakdown
dynamics produced by 1064-nm, 8-ns Nd:YAG laser pulses is investigated by simultaneous ICCD
detection of plasma luminescence and shadowgraph imaging, combined with PMT recordings of
integrated luminescence intensity. Bright luminescence at large p.. during the entire bubble oscillation
indicates the feasibility of deep-sea LIBS. Numerical simulations fitted to measured bubble oscillation
and shock wave emission data [2] provide the bubble pressure evolution P(¢) from breakdown through
collapse. Spectroscopic analysis of initial blackbody-like plasma emission and line spectra for t > 70 ns
yields the temperature evolution 7(7) [3]. Spatial and temporal evolution of plasma luminescence at
different p,, are explained based on P(¢) and 7(¢) deduced from thermomechanical events & plasma size.
Early 7(¢) data provide info on energy conversions during the plasma-vapor phase transition. Pressure
within the bubble equilibrates already within ~ 40 ns but electron density and temperature gradients
from center towards wall persist during bubble expansion (at large p,, during its entire oscillation). We
discuss implications for interpreting spectroscopic data and perspectives for future modeling efforts.

Keywords: Water ablation; laser-induced cavitation; plasma temperature, plasma pressure.

REFERENCES

[11 A. Vogel, L. Apitz, S. Freidank, R. Dijkink, Sensitive high-resolution white-light Schlieren
technique with a large dynamic range for the investigation of ablation dynamics, Opt. Lett. 31
(2006) 1812—1814. https://doi.org/10.1364/0L.31.001812.

[2] X.-X.Liang, N. Linz, S. Freidank, G. Paltauf, A. Vogel, Comprehensive analysis of spherical
bubble oscillations and shock wave emission in laser-induced cavitation, J. Fluid Mech. 940
(2022) AS. https://doi.org/10.1017/jfm.2022.202.

[3] Y. Tian et al., Temperature determination of laser-induced plasma in water, Plasma Sources

Sci. Technol. 34 (2025) 025012. https://doi.org/10.1088/1361-6595/adb648
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LIBS in Ore Flotation, a Multi-Phase Case Study

Chris Priifert!, Toralf Beitz!, Duong Hoang? Lucas Pereira?
'Physical Chemistry, University of Potsdam, Karl-Liebknecht-Str. 24-25, 14476 Potsdam, Germany

2Helmholtz Institute Freiberg for Resource Technology, Chemnitzer Str. 40, 09599 Freiberg, Germany

*Corresponding Author E-mail: beitz@uni-potsdam.de

Keywords: Industry and Energy; Monitoring, Real-Time, Froth

We present a case study on the application of laser-induced breakdown spectroscopy (LIBS) as ¢
monitoring tool for ore flotation, a multi-phase system. The current gold standard for elemental analysis
in industrial processes relies on inductively coupled plasma (ICP) techniques, specifically ICP-OES anc
ICP-MS. While these methods provide highly accurate results, they require chemical digestion anc
purification of solid samples, making them time-consuming and unsuitable for real-time process control
In contrast, LIBS, which also is an optical emission technique, offers a more practical, real-time, and ir
situ approach to monitoring flotation processes, an increasingly important capability in the context of
Industry 4.0 developments. However, applying LIBS in a flotation environment presents significan
challenges due to the highly dynamic surface topology and composition of the froth-shurry system
Plasma ignition can occur on aerosols, froths, or within slurries, all of which create complex anc
potentially unstable measurement conditions.

To address these challenges, we employed a diode-pumped, Q-switched Nd:YAG laser (40 mJ, 20 Hz
as the light source, using an argon-flushed, enclosed, free-standing optical path with a 200 mm foca
length. Strong argon purging within the MAY A2000Pro spectrometer, as proposed elsewhere [1], was
implemented to reduce froth splashing onto the laser and collection optics and to enhance overall signa
intensity.

The resulting single-shot spectra were classified using an autoencoder-based algorithm to determine
whether each spectrum corresponded to a valid plasma event. Further levels of classification were
applied based on the respective experimental conditions. Additionally, monitoring element-specifi
emission lines allowedus to observe trends throughout the flotation process and evaluate elemental ratios
relevant to process performance.

Our next steps include developing a predictive model for both froth and slurry composition and refining
the algorithm to provide real-time feedback for process optimization and control.

REFERENCES

[11 F.Trichard etal., Evaluation of a compact VUV spectrometer for elemental imaging by laser-
induced breakdown spectroscopy: application to mine core characterization, J. Anal. At.
Spectrom., 2017, 32, 1527-1534. https://doi.org/10.1039/c7ja00185a
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LIBS activities at CETIM: from the laboratory to
industry

Frédéric Pelascini'”, Vincent Motto-Ros?, Jorg Hermann®

'CETIM, Senlis, France
’[LM, University of Lyon 1, 69100 Villeurbanne, France
dix-Marseille University, CNRS, LP3, 13288 Marseille, France

*Frederic.pelascini@cetim. fr

The French technical center for mechanical industries (Cetim) is involved in numerous research
projects. Among them, chemical elemental analysis is of paramount importance to the mechanical
industries; one of the key development paths is the deployment of innovative technologies such as LIBS.
As a technological accelerator, Cetim aims to bridge the gap between academic research and the
industrial implementation of Laser-Induced Breakdown Spectroscopy. Our current research roadmap is
driven by three complementary strategic axes designed to address robustness and versatility
requirements in industrial environments: Calibration-Free quantification, high-speed imaging, and
online process monitoring.

The first axis focuses on the development of reliable Calibration-Free (CF-LIBS) methods. The
objective is to overcome instrumental limitations, such as the instability of high-resolution
spectrometers, and to compensate for the lack of accurate spectroscopic data in current databases. By
developing intrinsic calibration strategies, we aim to enable accurate quantification without relying on
complex external standards that are often impossible to implement in industrial processing lines. In
parallel, our second research axis explores elemental imaging, specifically targeting the detection of
light elements (atomic number < 11) to address critical needs in the mechanical sector, such as carbon
distribution and hydrogen embrittlement analysis.

Finally, we highlight the potential of online LIBS as a robust solution for real-time process
control. This third axis is illustrated through three concrete "lab-to-industry" proofs of concept (POCs)
deployed in severe environments. These examples demonstrate the versatility of the technique across
different states of matter: hybrid data fusion for polymer extrusion monitoring, direct analysis of molten
metal pouring streams for digital traceability, and real-time lithium concentration monitoring in
geothermal extraction processes. Collectively, these advancements underscore the role of LIBS as a
pivotal sensor technology for the industry of the future.

Keywords: Industrial LIBS; Calibration-Free; Elemental Imaging; Online Monitoring.
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TUESDAY | 27TH JANUARY

09:00 | SESSION 4: CULTURAL HERITAGE CHAIRS: CRISTINA MENDEZ-
LOPEZ / ARTHUR GUBLIN

. 09:00 | KEYNOTE 2: Dimitrios Anglos L/BS on demand. Addressing niche and broader
challenges in Heritage Science

° 09:45 | Oral 13 - Diana Guimaraes Augmented Spectral Reality for Cultural Heritage
Interpretation

. 10:00 | Oral 14 - Nicolas Herreyre u-LIBS imaging for archaeological ceramic
characterization

. 10:15 | Sponsor 1: LTB (Steffen Mittelmann) Overview of LIBS applications and projects
governed by LTB

. 10:30 | Oral 15 - Xueshi Bai L/IBS technique for the conservation of aluminum aircrafts

. 10:45 | Oral 16 - Olivier Musset Fusion of LIBS Imaging and C&O Isotopic Optical

Spectroscopy in Carbonates

11:00 | COFFEE BREAK

11:30 | SESSION 5: BIOLOGY, HEALTH AND AGRONOMY CHAIRS: JORGE
CACERES / ORSOLYA URBAN

. 11:30 | INVITED 3: Marcella dell'Aglio Laser-induced plasma and biosensing: coupling
LIBS with Lateral Flow Immunoassay

° 12:00 | Oral 17 - Zeinab Abboud Methodology for using portable LIBS in the field of
occupational health

° 12:15 | Sponsor 2: ABLATOM (Florian Trichard) From laboratory to industrial processes,
advanced elemental analysis

. 12:30 | Oral 18 - Edith Bohmer CF-LIBS: Screening of Human Lifestyle Using Fingernails

. 12:45 | Oral 19 - Erwan Dupont Development of matrix-matched standards for LIBS
Imaging

13:00 | LUNCH

22
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14:30 | SESSION 9: PROCESSING AND CHEMOMETRICS CHAIRS: BRUNO
BOUSQUET/MEHDI MAGHSOUDI SARTESHNIZI

. 14:30 | INVITED 4: Tian Ye Underwater LIBS towards deep-sea applications

. 15:00 | Oral 20 - Agnés Cousin Overview of the Mars2020 mission and main results from
SuperCam

° 15:15 | Oral 21 - Florian Mourlin L/BS in airless environments: from the lab to the Moon
and beyond

. 15:30 | Oral 22 - Olivier Forni Elemental sulphur deposit and its related enrichments as

viewed by Chemcam

° 15:45 | Oral 23 - Arthur Gublin /nvestigation of Uranium Emission Lines for Isotopic
Analysis
. 16:00 | Oral 24 - Léo Gosse LIBS for fusion: tungsten and boron spectral characterization

16:15 | POSTER SESSION
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LIBS on demand.
Addressing niche and broader challenges in Heritage Science

Demetrios Anglos!»

! Department of Chemistry, University of Crete, Heraklion, Crete, Greece

2 Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas (IESL-
FORTH), Heraklion, Crete, Greece

*Corresponding Author E-mail: anglos@uoc.gr; anglos@iesl.forth.gr

The increasingdemand for minimal intervention, in combination with restrictions in sampling anc
transportation of cultural heritage and archaeological objects, has generated strong interest ir
developing and utilizing analytical techniques and instrumentation capable of working outside the
framework of large facilities or specialized research laboratories. In this context LIBS, a highly
versatile technique, demonstrated for its capacity to work in the field, has been successfully
configured in the form of specialized instrumentation suitable for addressing the needs of
researchers in the field of Heritage Science.

In this presentation, we review our experience with developing custom LIBS instrumentatior
aiming to support the work of art conservators, historians and archaeologists and report on recen
results. Depending on specific analytical requirements, dictated by particular applications
different design aspects have been adopted ranging from compact, portable systems [1] to hybric
spectrometers [2] or a dedicated LIBS microscope [3]. Relevant design concepts are discussec
with emphasis on ease of use and user interfacing. Examples of selected case studies are presentec
not only highlighting results but also focusing on current and future challenges.

REFERENCES

[1]."Cultural heritage applications of LIBS", D. Anglos and V. Detalle; Chapter in “Laser-
Induced Breakdown Spectroscopy — Theory and Applications”, Springer Series in Optical
Sciences, vol. 182, Eds. S. Musazziand U. Perini, (Springer-Verlag, Berlin Heidelberg2014),
pp- 531-553; doi.org/10.1007/978-3-642-45085-3 20.

[2].“TriENA: a portable, hybrid multimode spectrometer combining Diffuse Reflectance, LED-
Induced Fluorescence and, Laser-Induced Breakdown Spectroscopy for an \holistic analysis

of materials on monuments and objects of archaecological interest”, V. Pifion, et al. Analytical
Chemistry, 97:27276-27288 (2025); DOI: 10.1021/acs.analchem.5¢05236

[3].“Applying laser induced breakdown spectroscopy (LIBS) and elemental imaging on marine
shells for archaeological and environmental research”, N. Hausmann et al, D. Anglos,
Scientific Reports, 13:19812 (2023); doi.org/10.1038/s41598-023-46453-w
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n-LIBS imaging for archaeological ceramic

014 characterization: toward quantitative imaging applied in

provenance studies

Nicolas Herreyre!-2*, Loan Lemaitre!, Valérie Merle!, Anne Schmitt!, Clothilde
CombyZebino?, Vincent Motto-Ros?

L ArAr (UMR5138), CNRS, Université Lyon 2, Lyon, France
2iLM (UMR 5306), Université Lyonl, CNRS, Villeurbanne, France

*Corresponding Author E-mail: nicolas.herreyre@univ-lyonl1.fr

In our pursuit of characterizing pottery and ancient ceramic productions, we are pioneering a
novel approach using p-LIBS (Laser-Induced Breakdown Spectroscopy) for multi-analytical
characterization. This technique generates extensive spectral datasets—sometimes exceeding one
million spectra—across a sample surface, enabling spatially resolved elemental analysis with
micrometric precision. From these data, we produce maps dedicated to petrographic identification and
estimation, including mineral family classification and grain size distribution, which are invaluable for
understanding technical history, craftsmanship, and provenance of pottery [1].

Beyond petrographic mapping, the true innovation of u-LIBS for ceramic studies lies in its
capacity to isolate and quantify the clay fraction independently of the temper (sandy fraction). Unlike
conventional bulk techniques such as XRF or ICP-AES, p-LIBS provides spatially resolved
compositional data, allowing for precise segmentation and exclusion of temper contributions. This
enables a focused quantitative analysis of the clay matrixalone—acritical advancement for comparative
studies of pottery samples, regardless of their temper composition [2]. By eliminating the variability
introduced by temper, u-LIBS enhances our ability to identify raw material sources and determine the
provenance of vessels.

To achieve this, we developed a new approach so called Q-LIBS clay, whichrelies on calibration
based on XRF measurements of the same ceramic to produce semi-quantitative images. Grain
segmentation then allows for the determination of the clay fraction composition. This method has been
validated on experimental ceramics and is now being applied to specific archaeological questions.

As a case study, we examined the calcareous production of Lugdunum (ancient Lyon, France),
which includes both coarse productions with sandy clay (amphorae) and fine productions with clayey
material only (terra sigillata). Our investigation of “La Muette” workshop demonstrated that a group
of amphorae was produced using the same raw natural clay as a group ofcalcareous sigillata, providing
geochemical evidence for shared raw material sources.

Keywords: p-LIBS imaging; quantification; petrography; archaeological ceramic.
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Overview of LIBS applications and projects governed by LTB

Steffen Mittelmann*, Christoph Scholz, Marc Schriever, Virginia Merk, Sven Merk, Lutz
Pfeifer

LTB Lasertechnik Berlin GmbH, Am Studio 2c, 12489 Berlin - Adlershof, Germany

*steffen.mittelmann@ltb-berlin.de

This contribution presents selected recent projects of Lasertechnik Berlin GmbH in the field of
laserinduced breakdown spectroscopy (LIBS) with a focus on industrial and high-speed applications.
The main emphasis is placed on the development of a novel online, in-situ slag analysis system MoMa
Lance designed for real-time monitoring of slag composition in electric arc fumaces (EAFs). The system
enables the continuous elemental analysis and will be applied to investigate the influence of hydrogen
addition during melting on the reduction behavior of iron and titanium in the slag.

In addition, we demonstrate the capabilities of a combined Raman—LIBS system for the detection and
identification of micrometer-sized surface contaminations on optical components. Finally, first results
from fast-LIBS measurements on aluminum, copper, and steel samples using a newly developed actively
Q-switched DPSS laserare presented, highlighting the potential for high-resolution material mapping in
a kHz-mode.

Keywords: slag analysis, in-situ LIBS, Raman-LIBS, fast mapping.
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Elemental sulphur deposit and its related enrichments as
022 viewed by Chemcam.

0. Forni'*, W. Rapin!, E. C. Sklute?, P. Gasda?, M. Loche', E. B. Hughes?, S. Schroder?, K.
Rammelkamp*, E. Dehouck®, S.M. Clegg?, O. Gasnault!, N. L. Lanza?.

!Institut de Recherche en Astrophysique et Planétologie, Toulouse, France. °’LANL, Los Alamos, USA. > Giorgia
Tech., Atlanta, USA. *DLR, Berlin, Germany. SLGL-TPE, Lyon, France.

*olivier.forni@jirap.omp.eu

Here we characterize the first detectionsby ChemCamofnative sulphur foundin floatrocks in the Gediz
Vallis channel in Gale Crater, Mars, and we document sub-millimetre heterogeneities within the deposit
and associated rocks. ChemCam is an active remote sensing instrument suite that has operated
successfully on the Curiosity rover since landing on Aug. 6',2012 [1,2]. It uses laser pulses to remove
dust and to profile through weathering coatings of rocks up to 7 m away. Laser-induced breakdown
spectroscopy (LIBS) obtains emission spectra of materials ablated from the samples in electronically
excited states. Gediz Vallis (GV) is a narrow canyon on the flank of Aeolis Mons that drains a catchment
of about 127 km? and leads to a 900 m wide, 120 m deep canyon that curves and terminates abruptly [3].
It cuts a stepped surface, and broad, shallow flat-floored canyons that terminate in a deeply etched
yardangunit[4]. In GV, atriangular area, probably resulting fromthe exhumation of channel fill deposits,
show the presence of numerous allochthonous light-toned blocks forming a talus. The overlying material
just above those blocks and at the bases of large bedrock blocks is a light-toned nodular strata. Further
south above the deposit, at the edges of these large blocks, light-toned halos have also been observed.
Among all these light-toned blocks, thirteen have been analysed by ChemCam. They are generally
characterized by a cottony and fluffy texture, and their average LIBS spectra of these targets exhibit all
the theoretical lines of sulphur up to the fourth excitation state, indicating an almost pure phase [5]. This
is confirmed by the fact that in shot-to-shot spectra, no other element shows emission lines, except in the
first five shots that sample the dust cover. However, some contamination can be observed in some points
that are generally located on holes or small fractures. But in these rare cases, the sulphur signal is always
anti-correlated with the signal ofthose other elements, supporting that sulphur is a distinctand pure phase
This applies also to minor and traces elements like Li, Ba, Sr or Rb. On Earth, sulphur is commonly
associated with chalcophile elements (As, Cu, Ni, Cs, Co, Zn, Ga, ...) that concentrate in sulphides
during partial melting of the mantle by sulphur immiscibility [6]. None of the main chalcophile elements
were identified in our LIBS spectra, at least at the ChemCam sensitivity. Indeed, all the emission lines
can be explained by a sulphur line up to SIV. Finally, the sulphur spectra are characterized by the
complete absence of hydrogen, chlorine or fluorine. The oxygen signal is also low and decreases with
the sulphur signal in the shot-to-shot data. All these observations mean that the pure sulphuris highly
reduced. The composition of these blocks is compatible with pure native sulphur. No other elements are
correlated with sulphur and notably no chalcophile elements are detected, which indicates that the
sulphur unlikely originated by the fusion of a deep mantle source. A regional metamorphic process
leading to the deposition of sulfosalts formedin a closed system, like in the Alps[7], seems also unlikely.
An impact derived molten sulphur lava flow that fills a pool is envisaged. The overlying strata and
especially the bright halos exhibit also sulphur enrichments.

Keywords: Mars; ChemCam; Sulphur
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Investigation of Uranium Emission Lines for Isotopic Analysis by
023 Laser-Induced Breakdown Spectroscopy (LIBS)

A. Gublin'-?*, D. L’Hermite!, M. Delarue?, Y. Toumouch?, J.-B. Sirven!
VUniversité Paris-Saclay, CEA, Service de Physico-Chimie, LANIE, 91191, Gif-sur-Yvette, France
20rano, DPS2D, 125 Av. de Paris, 93320 Chdtillon, France

*Corresponding Author E-mail: arthur.gublin@cea.fr

In the context of nuclear dismantling and waste management, rapid and in-situ analytical methods are
required to characterize uranium at low concentrations for mapping and surface contamination
assessments. Laboratory elemental analysis techniques, although precise, are time-consuming and not
suitable for on-site applications. Laser-Induced Breakdown Spectroscopy (LIBS) offers a promising
alternative thanks to its speed, minimal sample preparation, and potential for isotopic analysis. While
LIBS is primarily used for elemental characterization, studies have shown that isotopic discrimination
is achievable for several light and heavy elements, such as lithium, and uranium [1], [2]. The purpose is
to provide a foundation for the development of deployable LIBS-based isotopic measurement systems
for nuclear industry applications.

Although the uranium line at 424.43 nm is widely studied for isotopic discrimination, it suffers from
low SNR ratio. The goal is to identify other uranium lines for 2**U/?**U isotopic analysis. We aim to
determine the lines with strong isotope shifts.

A combined experimental and theoretical approach was implemented to select shifted transition lines
with limited spectral interference, maximal SNR. Using published spectroscopic databases on uranium
lines we compiled a database on isotope shift. A theoretical study was also carried out to evaluate the
feasibility of predicting uranium isotope shifts. Several candidate lines were identified beyond the well-
known transitions, showing favorable properties for isotopic discrimination.

The second phase involves experimental LIBS measurements that are conducted on uranium oxide
pellets of different isotopic composition. The emission spectra are recorded with a high-resolution
spectrometer to identify the most favorable measurement conditions for isotope discrimination and
quantification in 1 atm air, similar to conditions encountered for in situ applications. Results confirm
that several of the theoretically predicted lines, rarely or never reported in previous isotopic LIBS
studies, exhibit measurable isotopiceffectsand appear highly promising for future quantitative analyses.

Keywords: LIBS; isotopic; uranium; spectroscopy;

REFERENCES

[1] W. Pietsch, A. Petit, and A. Briand, “Isotope ratio determination of uranium by optical emission
spectroscopy on a laser-produced plasma - basic investigations and analytical results,”
Spectrochim. Acta Part B At. Spectrosc., vol. 53, no. 5, pp. 751-761, May 1998, doi:
10.1016/S0584-8547(97)00123-7.

[2] K. Touchet, F. Chartier, J. Hermann, and J.-B. Sirven, “Laser-induced breakdown self-reversal
isotopic spectrometry for isotopic analysis of lithium,” Spectrochim. Acta Part B, vol. 168, 2020,
doi: 10.1016/j.sab.2020.105868.

40



EMSLIBS 2026 Book of Abstracts

024

41



EMSLIBS 2026 Book of Abstracts

DAY 3

WEDNESDAY | 28TH JANUARY

09:00 | SESSION 7: FUNDAMENTAL 1 CHAIRS: ALESSANDRO DE GIACOMO
/ MARCOS LOPEZ

¢ 09:00 | KEYNOTE 3: Roberta Fantoni L/BS applications in local and remote characterization of
cultural heritage materials

© 09:45 | INVITED 5: Arnaud Bultel How the modelling can contribute to a better understanding of
the underlying physics of LIBS

¢ 10:15 | Oral 25 - Ivan Urbina Laser induced plasma evolution process recorded by shadowgraph
in levitated droplets

¢ 10:30 | Sponsor 3: OPTON LASER (Alex Delhomme) High energy diode-pumped lasers for LIBS

© 10:45 | Oral 26 - Veis Pavel Impact of Spectral Averaging on Precision and Depth Resolution in CF
LIBS for JET Divertor Tiles

11:00 | COFFEE BREAK

11:30 | SESSION 8: ENVIRONMENTAL AND GEOLOGICAL SCIENCES
CHAIRS: ALFRED VOGEL / ALEXANDRE CHERRIER

* 11:30 | INVITED 6: Cécile Fabre From Handheld LIBS Analysis to uLIBS High-Resolution Imaging

© 12:00 | Oral 27 - Jorge Caceres Hybrid Pollution in the Air — Polymeric and Metallic Signatures of
Microplastics

© 12:15| Oral 28 - Pedro Jorge Automated Detection of Contaminated Wood Waste Using Computer
Vision and LIBS

© 12:30 | Oral 29 - Ruixue Wang Rapid and Scalable LIBS-ML Workflow for Quantitative Mineral
Mapping

© 12:45 | Oral 30 - Ben Van Der Hoek Downhole LIBS sensor: in-situ analysis of mining drill holes

¢ 13:00 | Oral 31 - Nilvan Silva Nanostructured substrate produced by CO2 laser photothermal
treatment

13:15 | LUNCH
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14:30 | PROCESSING / INDUSTRY (CONT.) CHARIS: TIAN YE/EDITH
BOHMER

¢ 14:30 | INVITED 7: Ludovic Duponchel Exploring LIBS imaging at scale: how chemometrics
changes what we can see

¢ 15:00 | Oral 32 - Yuanzhi Cai Spatially Aware Refinement of LIBS Mineral Maps with Conditional
Random Fields

¢ 15:15 | Oral 33 - Kristin Rammelkamp /nvestigating Depth Trends in ChemCam LIBS Data with
Tensor Component Analysis

¢ 15:30 | Sponsor 4: AVANTES (Martijn van de Goor) New Possibilities in LIBS Enabled by Avantes
Spectrometer Technology

e 15:45 | Oral 34 - Lukas Retterath Rapid Hardness Characterization of Steel via Femtosecond
Laser-Induced Plasma Spectroscopy

¢ 16:00 | Oral 35 - Kristjan Leosson Application of molten-metal LIBS in the aluminum industry

¢ 16:15 | Oral 36 - Lina Jolivet Feasibility of Hydrogen Quantification in Metals by Laser-Induced
Breakdown Spectroscopy

16:30 | COFFEE BREAK

17:00 | SESSION 10: INSTRUMENTATION 2 CHAIRS: MARCELLA
DELL'AGLIO / NICOLAS HERREYRE

¢ 17:00 | INVITED 8: Jhanis Gonzalez /Innovative Advances in LIBS: Enhancing Sensitivity, Precision,
and Applications

¢ 17:30 | Oral 37 - Erik Wiist Depth-resolved picosecond LIBS of deuterium retention in self-
damaged tungsten

® 17:45 | Oral 38 - Rongxing Yi In-situ Residual Hydrogen Isotope Analysis
© 18:00 | Oral 39 - David Jené Palasti Utilizing modern fiber lasers for LIBS

¢ 18:15 | Oral 40 - César Alvarez Multimodal hyperspectral imaging for interpretation of optically
active centers

¢ 18:30 | Oral 41 - Simon Blume Femtosecond vs. Nanosecond Laser-Induced XUV Spectroscopy
(LIXS)
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How the modelling can contribute to a better understanding
of the underlying physics of LIBS

Arnaud Bultel”, Vincent Morel, Aurélien Favre

CORIA, UMR 6614, CNRS, INSA et Université de Rouen-Normandie

*Corresponding Author E-mail: bultel@coria.fr

LIBS diagnostic is fundamentally based on the discriminant spectroscopic analysis of light produced by
a plasma induced by a laser pulse focused onto the sample under study. This diagnostic approach
therefore relies on laser-matter interaction and on the radiative properties of the induced plasma.

Two methods are used to implement this diagnostic: one based on the existence of calibrated samples,
allowingthe sample compositionto be determined by comparison; the other based on obtaininga plasma
at thermodynamic equilibrium, whose properties can then be fully calculated, particularly its spectrum.
The second method is called CF LIBS, for Calibration-Free LIBS. The first method is often used when
there is doubt about the existence of equilibrium. Thus, thermodynamic equilibrium constitutes a kind
of pivotal situation that dictates how signal processing must be carried out to determine the sample
composition.

The question of equilibrium is central to plasma physics: this is why criteria for achieving it were
identified as early as the 1960s, initially for other types of plasmas. The best known is the Mc Whirter
criterion, which stipulates that the plasma's electron density must exceed a certain threshold to ensure
that collisions play a dominant role over radiation in the depopulation of excited states. These older
criteria are based on simplifyingassumptions: the plasma is optically thinand quasi-steady, only allowed
transitions are considered, and the hydrogen-like assumption is made for the expression of de-excitation
rates.

Advances in modeling allow us to view these criteria in a new light, particularly specifically in the case
of laser-induced plasmas produced during LIBS diagnostics. They rely on the development of unsteady
collisional-radiative models coupled to transport resulting from expansion and radiative transfer. In this
presentation, a reference model will be presented for several types of metallic atoms and the results will
be analyzed in detail in order to discuss these criteria.
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Impact of Spectral Averaging on Precision and Depth

026 Resolution in CF LIBS for JET Divertor Tiles

P. Veis?,*, S.J. Shetty?, M. Veis?, S. Atikukke?, S. Soni?, S Almaviva®, J. Ristkok®, J. Likonend,
L. Jogi®, G. Sergienko®, L. Jepuf, A. Widdowson® J. Karhunend, P. Gasiorg, P. Paris®,
R. Rayaprolu¢, R. Yi¢, N. Jonesf, W. Gromelski¢, J. Butikova®, T. Dittmar, M. Sackers®,
E. Wiiste, A. Hakolad, S. Brezinsek®', UKAEA RACE Team

¢ FMPI Comenius University, Bratislava, Slovakia, b ENEA, Frascati, Italy, © IP, University of Tartu, Tartu,
Estonia, * VTT, Espoo, Finland, ¢ FZJ, Jiilich, Germany, TUKAEA, Culham, Abingdon, UK, ¢ IPPLM, Warsaw,
Poland, " ISSP University of Latvia, Riga, Latvia, {HHU Diisseldorf, Germany

*Corresponding author: pavel.veis@fmph.uniba.sk

Laser Induced Breakdown Spectroscopy (LIBS) has become a key diagnostic tool for examining plasma
facing components (PFCs) in fusion environments [1]. During plasma operation, processes such as
erosion, transport, redeposition, and fuel retention give rise to complex multi-elemental layers
containing Be, W, Mo, H, D, T isotopes, along with various impurities including Ti, Ni, Cr, C, and O
[2], [3]. Precise characterization of these layers is crucial for understanding material migration, surface
chemistry, and fuel retention, which are central to the safety and performance of ITER and future fusion
devices. In this work, we analyze in-situ LIBS measurements obtained with the JET robotic wall
inspectionsystem following the recent D, T campaigns. These data are used to derive quantitative depth
profiles of the wall composition, covering both major and minor species as well as retaining hydrogen
isotopes. Details of the experimental setup can be found in Refs. [4], [5], [6]. Quantitative analysis is
performed using the well-established Calibration Free LIBS (CF LIBS) methodology [7], [8] for main
elements (W I-1I, Mo I-11, Be I-11, Ti I-I1, Ni I-II, Cr I-IT) without self-absorbed lines and lines with low
transition probability. CF LIBS requires spectral averaging to suppress noise; however, the amount of
averaging directly affects the attainable depth resolution. Minimal averaging is advantageous for
determining major elements, as it preserves finer depth information. In contrast, identifying minor
elements oftenrequiresmore extensive averaging to reveal weak spectral features,atthe costofreduced
depth resolution. In this work, we study the signal-to-noiseratio (SNR) with differentaveraging (rolling
windows and spectral averaging) and how different window sizes affect the SNR. The aim of this
contribution is to systematically assess how different levels of spectral averaging, from zero averaging
upward, impact depth resolution in quantitative CF LIBS. This case study focuses on selected inner
divertor tiles.
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027 Hybrid Pollution in the Air — Polymeric and Metallic

Signatures of Microplastics in Madrid’s Atmosphere

J. O. Caceres'’, S. Deylami !, J. Cardenas-Escudero 2, M. Lopez Ochoa!, C.A. Sanchez-Orozco !, J.
Bagés-Villaneda !, P. Cafiamero, J. Urraca Ruiz !, D. Galan-Madruga ', C. Rinaldi 4,

"' Laser Chemistry Research Group, Department of Analytical Chemistry, Faculty of Chemistry,
Complutense University of Madrid, Plaza de Ciencias 1, 28040 Madrid, Spain.

2 Analytical Chemistry Department, FCNET, Universidad de Panama, Ciudad Universitaria, Estafeta
Universitaria, 3366, Panama 4, Panama City, Panama

? Centro Nacional de Sanidad Ambiental. Instituto de Salud Carlos III, Ctra. Majadahonda-Pozuelo
km 2.2, 28220 Majadahonda, Madrid, Spain

* ITECA Instituto de tecnologias emergentes y Ciencias Aplicadas ECyT, UNSAM, San Martin,
Argentina

*Corresponding Author E-mail: jcaceres@ucm.es

This research presents the composition and identification of airborne microplastics (MPs), which are
increasingly recognized as hybrid pollutants that can carry toxic trace metals through urban air.
Using laser-induced breakdown spectroscopy (LIBS), an integrated approach is obtained that
preserves spatial context and morphology while linking polymeric carriers to metal signals. The
core analytical layer, laser-induced breakdown spectroscopy (LIBS), was configured for
particle-scale mapping of key metallic fingerprints (e.g., Cu, Zn, Cr, Pb, Ni) colocated with MPs
on the filter surface, enabling source-relevant interpretation consistent with non-exhaust traffic
emissions and urban resuspension.

The study was conducted in Madrid across three representative environments: Aguirre School
(a traffic-influenced urban area), the Chemistry Faculty site at UCM (an urban background), and
Torremocha del Jarama (a peri-urban area). Optical microscopy under visible/UV illumination
provided rapid enumeration and morphology screening of putative MPs directly on quartz filters
revealing clear site-dependent contrasts with higher particle densities at the traffic-influenced
site and lower densities at the peri-urban location, as well as a dominance of fibers over
fragments. The study demonstrates a practical pathway for high-throughput metal screening on
airborne MPs, with optical counts guiding LIBS targeting and Raman providing molecular
confirmation where feasible. Our results underline the need to consider MPs as multipollutant
vectors in air-quality assessments and offer a flexible platform for future quantitative coupling
of particle-resolved LIBS mapping with bulk measurements and trajectory analyses.

Keywords:

Airborne microplastics; Trace metals; Hybrid pollutants; Vehicular emissions; Urban air
pollution; Human health risk; Optical microscopy; Raman spectroscopy; LIBS; ICP-MS.
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Downhole LIBS sensor: in-situ analysis of mining drill holes

030

Ben van der Hoek!-?, Steven Tassios!-3, Jessica Stromberg!#, Caroline Tiddy'-?,
Neil Francis'#, Lequn Zhang'-

Mineral Exploration Cooperative Research Centre (MinEx CRC)

Future Industries Institute, Adelaide University, Adelaide, South Australia, Australia
CSIRO, Clayton, Victoria, Australia

CSIRO, Kensington, Western Australia, Australia

AW~

*Corresponding Author E-mail: ben.vanderhoek@adelaide.edu.au

The global shift toward sustainable energy demands increased mineral resource discoveries
which will require more efficient and environmentally responsible approaches to exploration and
extraction. Understanding subsurface geology is central to these efforts, and drilling remains a key
method for acquiring geological information.

Rapid acquisition of geochemical data fromdrill core and chip sampleshas become increasingly
important for improving decision makingand operational efficiency in mineral exploration, mining, and
processing. Handheld tools and scanners equipped with X-ray fluorescence (XRF) or Laser-Induced
Breakdown Spectroscopy (LIBS) sensors are effective for top-of-hole core or chip sample analysis,
provided depth constraints are well defined. However, drill holes with poor sample recovery, composited
rock chips, or uncertain depths will benefit more from in-situ chemical analysis. This approach can also
reduce the number of samples sent for laboratory testing, lowering costs, minimising manual handling,
and reducing waste. Existing wireline (downhole) loggingtools based onsensors such as natural gamma,
and Prompt Gamma Neutron Activation Analysis (PGNAA) provide valuableinsights into physical rock
properties and bulk chemistry; however, there are limitations in measuring geochemical composition
for a broad suit of elements.

We present outcomes from a compact LIBS instrument designed for deployment downhole via
winch and wireline, enabling both power delivery and real time data transmission. The 76 mm diameter
instrument has a self-contained miniaturised 40 mJ nanosecond Nd:YAG pulsed laser, spectrometers,
and active focusing mechanism to accommodate the irregular surfaces of drillhole walls. Our research,
conducted through MinEx CRC in collaboration with partners from the mining industry, targets
scenarios where drill core is notrecovered. This includes percussion or auger drilling where the rock
chips are collected and aggregated in 1-3 meter interval batches at the surface, which disrupts spatial
relationships between lithologies and mineralogy. In its current configuration, the downhole LIBS
sensor performs a line scan of the drill hole surface. The spectral or compositional data can then be
composited at intervals tailored to specific applications.

Drill holes present challenging conditions; they have rough surfaces and surface moisture or are
often flooded with groundwater or drilling fluids. While deep holes typicallyyield core samples, shallow
percussion drilled holes suffer from reduced spatial resolution and are less likely to flood, making them
ideal candidates for this technology. In these environments we have demonstrated a single-pulse LIBS
sensor operated as a wireline instrument that can provide geologically meaningful data, whilst in parallel
exploring double-pulse LIBS for more challenging conditions such as flooded drill holes.

Keywords: wireline logging; mining; downhole LIBS; geochemistry sensor.
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Innovative Advances in Laser-Induced Breakdown
Spectroscopy: Enhancing Sensitivity, Precision, and
Applications

Jhanis J. Gonzalez"1:2 and Richard E. Russo,!2

1 Applied Spectra, Inc., West Sacramento. CA. 95605.
2 Lawrence Berkeley National Lab. Berkeley. CA. 94720.

*Corresponding Author E-mail: Jhanis Gonzalez. jhanis@appliedspectra.com

Laser-Induced Breakdown Spectroscopy (LIBS) has become a versatile analytical technique
used across various scientific and industrial fields. Recent advancements in LIBS have significantly
improved its sensitivity, precision, and applicability. We will examine recent developments, such as
isotope analysisin LIBS plasmas[1], whichopensnew avenues forresearch in geochemistry andnuclear
science. Additionally, we will highlight advances in traditional elemental analysis in terms of speed and
reliability, making LIBS a preferred method for rapid material characterization [2]. Techniques for data
reductionandanalysiswill also be explored, with a focus oninnovative approachesto address challenges
in LIBS analysis. We aim to provide an overview of the collaborative efforts required to achieve these
technologicaladvancements, emphasizing the contributions ofleading research institutions and industry
partners worldwide.

Keywords: LIBS; Particle analysis; Improved sensitivity; Isotopic analysis.
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Nuclear fusion reactors require wall materials that both, can survive high heat and plasma
particle loads without disrupting the plasma by increasing impurity concentrations above the threshold
and retain as little of the hydrogen fuel as possible. A material that meets both requirements is tungsten
and will thus be used to manufacture plasma-facing components (PFC) for ITER. However, during
fusion operation, the PFC is bombarded by high-energy neutrons, which are used to couple out energy
and to breed new fuel. They also damage the tungsten structure by introducing defects. An increased
concentration of defects causes an elevated hydrogen retention as hydrogen isotopes can accumulate in
the defects. Especially the hydrogen isotope tritium, which is needed for the Deuterium-Tritium (DT)
fusion reaction, is critical from the safety perspective in PFCs when trapped. Due to safety regulations,
ITER will only be allowed to have 700 gof mobilisable tritium in the reactor, the amount of which needs
to be tracked. In-situ ready laser-based composition analysis techniques, such as laser-induced
breakdown spectroscopy (LIBS), have a large potential for this application.

In addition to the safety matters, only tritium used in the fusion reaction contributes to the
breedingof new fuel,and a large tritium reservoir in the PFC can lead to interruption of the fuel breeding
cycle. The study ofhydrogen retention in tungsten with neutron damage is therefore important for fusion
research. Neutronswith the necessary energy spectrumforfusion-relevant damage canonly be produced
by fusion reactions or specific facilities, which are both not available for the time being. A way to study
hydrogen retention in damaged tungsten regardless is by irradiating tungsten with 10.8 MeV W?* ions
from a particle accelerator. This inflicts displacement damage (here 0.23 dpa), thus inducing defects
without transmutation of the material or introducing impurities. The samples were exposed to a
deuterium plasma in the low-energy plasma device PlaQ and partially thermally outgassed afterward to
produce samples with varying deuterium concentrations (0.01 to 1%) [1]. These were measured with
Nuclear Reaction Analysis (NRA), which was used as a reference, and analysed with LIBS.

The depth-resolved LIBS measurements produce deuterium depth-profiles (15 nm depth-
resolution) that show the transition from the deuterium-rich volume close to the surface to bulk tungsten
in agreement with calculated damage profiles of the used ions. The transition depth is in agreement with
NRA (depth resolution of 160 nm) results as well. A high deuterium peak close to the surface can be
explained by varying ablation rates and thermal depletion in the depth by previous laser pulses.
Simulations of thermal hydrogen movement and defect annealing in the material after ablation provide
the basis for the latter.

The study shows the potential of LIBS for in-situ fuel retention measurements and provides the
basis for first limit of detection estimates of fuel in PFCs.

Keywords: fusion; plasma-wall interaction; hydrogen isotopes; damaged tungsten
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In-situ Residual Hydrogen Isotope Analysis by Laser
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In future fusion device ITER and DEMO, residual hydrogen (H) isotope analysis is a critical safety issue
related to tritium cycle. Accurate measurement of H isotopes at designed point throughout the whole
plasma discharge process is therefore a significant requirement. Quadrupole mass spectrometer (QMS)
is widely used for residual H analysis. However, two major limitations, high pressure environment and
measurement of particles with the same mass, limitits application. Therefore, we introducelaser induced
breakdown spectroscopy (LIBS) as an analytical tool for residual H isotope analysis, which can work
under higher pressure and separate H isotope well.

We performed LIBS in a small vacuum chamber under a high vacuum environment (2x10-7 mbar) and
in our PSI-2 linear plasma device at pressures ranging from 10-6 to 10-3 mbar, respectively. In the high
vacuum environment, a linear H adsorption process was observed, which was found to be very sensitive
to the pressure (higher pressure, faster adsorption). In PSI-2, a clear linear relationship between
deuterium (D) partial pressure and its LIBS signal was recorded from 10-6 to 10-3 mbar. This work not
only enables the direct observation of the adsorption process but also demonstrates the feasibility of
using LIBS for the detection of residual H isotopes, achieving a relatively low detection limit at the 10~
7 mbar level.

Keywords: Hydrogen, Fusion, Adsorption, Laser, Plasma
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The development of laser sources playsa very important role in the quick advancements in the
field of LIBS. However, the development of fiber lasers went mostly unnoticed by the wider LIBS
community. These laser sources, traditionally used in industrial cutting and welding processes, despite
their high-power output (hundreds of watts) and are very robust nature, were neglected, because they
used to work only in continuous mode. Modern fiber lasers however, offer pulsed output with a couple
of mJ-s pulse energy, which can be adequate for certain tasks [1,2]. Furthermore, the pulse duration and
the pulse repetition rate can be varied in a reasonably wide range, while their price is a fraction of the
ones traditionally used in research.

In the recent years, our groups made experiences with modern fiber lasers to evaluate the
feasibility of their usage in LIBS. The initial experiments proved that they are not just suitable for
standard analytical tasks such as quantitative or qualitative analysis, but their unique set of features
makes them capable for fundamental research, like no other laser sources currently on the market. The
relatively low energy and elongated profile of the pulses are very efficient in ablation and in the
generation of low temperature plasmas [3], which means the ionic lines are less numerous, while the
emission is mostly free from the background emission typical for the early stages of the plasma lifetime.
It can make spectrometer gating and signal integration much simpler and robust.

A thorough set of investigations of single pulse, double pulse and even continuous irradiation
experiments was performed. The effects of various parameters, such as energy, duration and shape of
the pulse as well as inter pulse delay were investigated on the generated signal focusing mainly the
signal intensity, the self-absorption and the width of the peaks as well as the plasma properties.

Keywords: Fiber laser, fundamentals, application, DP-LIBS, MP-LIBS
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The development of laser sources playsa very important role in the quick advancements in the
field of LIBS. However, the development of fiber lasers went mostly unnoticed by the wider LIBS
community. These laser sources, traditionally used in industrial cutting and welding processes, despite
their high-power output (hundreds of watts) and are very robust nature, were neglected, because they
used to work only in continuous mode. Modern fiber lasers however, offer pulsed output with a couple
of mJ-s pulse energy, which can be adequate for certain tasks [1,2]. Furthermore, the pulse duration and
the pulse repetition rate can be varied in a reasonably wide range, while their price is a fraction of the
ones traditionally used in research.

In the recent years, our groups made experiences with modern fiber lasers to evaluate the
feasibility of their usage in LIBS. The initial experiments proved that they are not just suitable for
standard analytical tasks such as quantitative or qualitative analysis, but their unique set of features
makes them capable for fundamental research, like no other laser sources currently on the market. The
relatively low energy and elongated profile of the pulses are very efficient in ablation and in the
generation of low temperature plasmas [3], which means the ionic lines are less numerous, while the
emission is mostly free from the background emission typical for the early stages of the plasma lifetime.
It can make spectrometer gating and signal integration much simpler and robust.

A thorough set of investigations of single pulse, double pulse and even continuous irradiation
experiments was performed. The effects of various parameters, such as energy, duration and shape of
the pulse as well as inter pulse delay were investigated on the generated signal focusing mainly the
signal intensity, the self-absorption and the width of the peaks as well as the plasma properties.
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Laser-Induced Breakdown Spectroscopy (LIBS) has emerged as a powerful atomic emission technique that
enables rapid, in-situ elemental analysis of solid, liquid, and gaseous materials. By focusing a high-energy
laser pulse onto a sample surface, a microplasma is generated, and the resulting emission spectrum reveals
the elemental composition. The simplicity of the LIBS principle contrasts with the complexity of the
underlying physical processes, which continue to be an active area of research.

In recent years, LIBS has experienced remarkable growth, driven by the increasing demand for fast,
versatile, and portable analytical tools across industrial, environmental, and research sectors. In the last five
years, over 5000 publications and more than40 commercial suppliers, in additionto morethan ten handheld
system manufacturers, reflect LIBS’s rapid growth and technological maturity.

In our laboratory, extensive efforts have been dedicated to advancing LIBS performance and expanding its
applications. Our work encompasses both fundamental and applied studies, with a focus on enhancing
sensitivity and selectivity through techniques such as double-pulse excitation, laser-induced fluorescence
coupling, resonance-enhanced approaches, and integration with complementary analytical techniques to
meetindustrial requirements. We will present recent developmentsin robust LIBS instrumentation designed
for at line or on-line and field-deployable measurements.

This lecture will highlight NRC’s contributions to LIBS technology, discuss its advantages and limitations
compared to conventional analytical methods, and explore its role as a key enabling technology for
metallurgy, aerospace, energy and mining applications. We will conclude with a perspective on emerging
trends and future directions shaping the evolution of LIBS.

Keywords: In-situ measurements, LIBS instrumentation, hyphenated techniques, portable LIBS, resonance
enhancement, mining applications

69

Book of Abstracts



EMSLIBS 2026

19

Quantifying manufacturing-induced near-surface deviations in
chemical composition of glasses via calibration-free LIBS

Christoph Gerhard!*, Sid Ahmed Beldjilali?, Andreas Tiimmel',
Frédéric Pelascini®, Jorg Hermann*

!Faculty of Engineering and Health, University of Applied Sciences and Arts, 37085 Géttingen, Germany

’Laboratoire de Physique des Plasmas, Matériaux Conducteurs et leurs Applications LPPMCA, Université des
Sciences et de la Technologie d’Oran USTO-MB, 31000 Oran, Algeria.

3Cetim, site de Strasbourg, 67400 Illkirch-Graffenstaden, France
Y dix-Marseille University, CNRS, LP3, 13008 Marseille, France

*Corresponding Author E-mail: christoph.gerhard@hawk.de

Keywords: glasses, near-surface effects, calibration-free LIBS, depth-resolved LIBS

Even though glass is one of the most traditional workpiece materials, it has still an unbowed relevanc:
for modern innovations and products in both cutting-edge technologies and everyday objects. Due to the
large variety in glass types and applications, different methods for shaping and surface treatment are ir
hand. In most cases, the glass surface is in direct contact with different operating materials, leading tc
several exchange mechanisms such as interdiffusion, leaching of glass components, and implantation o1
foreign matter and thus a modification of the outermost glass surface with respect to its bulk material

In this contribution, we report on the detection and quantification of such modifications using
calibration-free LIBS on two multi-component glass types, processed by two fundamentally differen
methods. First, optical glasses manufactured via classical polishing applying ceria-based polishing
suspensions were investigated. Second, solar cell cover glass produced via the float glass process, whert
the glass melt is poured on a liquid metal bath for surface smoothing, was considered. During LIBS
measurements, several single pulses were applied successively at the same site, allowing depth-resolvec
analysis of the chemical composition. The evaluation of the obtained spectra was carried out vie
sensitivity-improved calibration-free LIBS as introduced in detail in [1].

Such analysis revealed that classical polishing induces a contamination of glass surfaces by
traces from the used operating materials [2]. Moreover, leaching of glass network formers such as silicor
was ascertained up to a depth of several microns. Hence, this investigation indicates polishing-inducec
interdiffusion at the outermost glass surface in the course of manufacturing. Such interdiffusion was alsc
observed in case of solar cell cover glasses. Here, foreign matter from the liquid metal bath, namely tin
lead, and silver, was detected within the glass boundary layer close to the surface [3]. Also, a gradient
like depletion in glass constituents as for example magnesium and sodium towards the surface was
observed, visualising exchange mechanisms between the liquid metal bath and the glass material.

The reliability of the data obtained via calibration-free LIBS was verified with the aid of ICP
OES and XPS measurements. The presented results thus demonstrate the suitability of the appliec
approach forthe quantification of manufacturing-induced deviations in chemical composition of glass
surfaces.
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Itis with deep sadness that we announce the sudden passing of Vincent Detalle, a
professor at CY Cergy Paris University specializing in experimental sciences and
engineering for cultural heritage, on Tuesday 4 March 2025.

Since joining the Historical Monuments
Research Laboratory (LRMH) in 2004, where he
led the mural paintings division for 12 years, and
later at the Center for Research and Restoration
of the Museums of France (C2RMF) until 2022,
Vincent pioneered numerous research and
development initiatives in heritage science. His
doctoral work focused on Laser-Induced
Breakdown Spectroscopy (LIBS), leading to
various laser applications in material
characterization and conservation-restoration,
such as laser cleaning of easel paintings and
the reconversion of blackened minium in
murals.

Aware of environmental impacts on cultural heritage preservation and committed to effective,
non-invasive restoration methods, he collaborated with academic partners both in France and
internationally on innovative projects. These included monitoring artworks in situ using
methodologies like holography, stimulated infrared thermography, and optical coherence
tomography for varnish thinning control. Vincent actively participated in European research
collaborations like CHARISMA and the IPERION projects, particularly onin situ analyses (MOLAB),
and was instrumental in establishing the sustainable E-RIHS infrastructure and its French
national node.

Since 2011, he had been involved with the French LabEx Patrima, EquipEx PatrimEx, and the
Fondation des Sciences du Patrimoine. He initiated numerous projects supported by the
Foundation, notably the EquipEx+ ESPADON, where he served as scientific coordinator. This
project combines instrumental development and digital structuring around the concept of the
"augmented heritage object". He was also actively involved in the setting up the European Cultural
Heritage Cloud.

Vincent was passionate about mentoring young researchers and collaborating with scientific
partners, always eager to explore new frontiers. He believed that heritage science should be k
rooted in cutting-edge research on material behaviour, continually challenging and expanding |

existing boundaries. His inspiration and influence are profoundly missed.

The C2RMF and LRMH join us in extending our heartfelt condolences to his family and loved ones.
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In materials and life sciences, correlative microscopy is a powerful approach that integrates data from
multiple imaging techniques to provide a comprehensive view of a sample's chemical and structural
properties. This talk will explore our efforts to push beyond the boundaries of traditional LIBS
(LaserInduced Breakdown Spectroscopy) elemental imaging by correlating it with a suite of
complementary modalities. We will detail our methodology for combining LIBS with elemental
mapping techniques to gain complementary and reference analysis; Laser Ablation Inductively Coupled
Plasma Mass Spectrometry (LA-ICP-MS), X-Ray Fluorescence (XRF), and Scanning Electron
Microscopy Energy Dispersive X-Rays (SEM-EDX). Moreover, molecular and structural imaging from
Raman spectroscopy and X-Ray Computed Tomography (XCT) will also be introduced to provide more
complex information about investigated samples. A significant challenge in this multi-modal approach
is the variability in sample preparation and the subsequent need for precise image registration,
particularly given the diverse performance metrics and resolutions of different instruments. [1] We will
discuss our solutions for aligning and merging these disparate datasets. We will briefly present several
case studies and namely forcus on multi-modal analysis of human tooth ankylosis [2] that demonstrate
how this integrated approach overcomes the limitations of single-technique analysis to provide a more
complete understanding of complex materials.

Acknowledgements
The authors gratefully acknowledge the support of Czech Science Foundation (GACR 25-16166S and
25-18588L).
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Liquid samples remain a secondary object of study in LIBS literature since, although the
technique is suitable for the analysis of any kind of samples, liquids require the development of specific
approaches (sampling strategies, instrumental modifications) in order to provide adequate levels of
stability and reproducibility. In this work, the problematics of liquid sample analysis are addressed in
conjunction with the challenge of halogen determination. A common approach to the latter, which is
utilized here, is their indirect detection by means of halide molecule emission from molecules that are
formed through recombination, in the laser-induced plasma, of the halogen and an alkali-earth metal.

Previous works [1,2] demonstrated the feasibility of halogen determination (F, CI) in aqueous
liquid matrices by nebulizing the sample on a Ca-containing target (calcium carbonate pellets and
drawing paper), with limits of detection in the order of ppm and successful results when addressing
inorganic halogens in real samples. Current research focuses on the determination of total halogen
content when present as part of organic molecules instead of inorganic salts. Said detection was already
demonstrated in [2] for an aqueous solution of a fluorosurfactant, but switching to organic liquid
matrices was also needed at this stage in orderto extend themethodology to the case of gasolineanalysis.
In this sense, Kowalewskaet al. [3] demonstrated the significant dependence of the specific analyte
utilized as fluorine standard (e.g. 1-fluoronaphtalene, 2,2,3,3,4,4,5,5-octafluoro-1-pentanol) when
working with high-resolution continuum source molecular absorption spectrometry (HR-CS MAS).

An analogous study is done here, where two organic fluorine standards as well as two organic
matrices are compared in order to gain insight into the generalizability of the methodology. Both
standard calibration curves and standard additions procedures are carried out to study sensitivity of the
methodology and to determine fluorine content in real gasoline samples, respectively.

Keywords: halogens; nebulization; liquid; gasoline
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Quantifying fluorine in solid samples remains analytically demanding due to its high ionisation
potential (17.42 eV) and poor plasmaion yield. Therefore, new analytical strategies capable of sensitive
and spatially resolved fluorine detection are required. Here, we present for the first time a combined

Laser-Induced Breakdown Spectroscopy (LIBS) and Laser Ablation-ICP-MS (LA-ICP-MS) approach
for the simultaneous spatially resolved fluorine analysis in geological and biological matrices.

The method builds on the BaF* reaction method recently established for LA-ICP-MS [1],
enablingindirect fluorine quantification via BaF* detection, while LIBS provides ionic fluorine (F 685.6
nm) and molecular fluorine bands (CaF 603 nm) in addition to complementary information on co-
localized elements [2]. Geological standards, minerals, and biological tissues were analysed to evaluate
sensitivity, precision, and matrix effects. LIBS data enhanced the interpretability of the BaF* maps,
allowingdiscriminationbetween inorganic fluoride phasesand fluorine bound in complex matrices. The
results demonstrate that the LIBS—LA-ICP-MS coupling significantly improves confidence in fluorine
detection and spatial correlation, offering a versatile platform for studying fluorine behaviour in natural
and biological systems.
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Methodological approach based on LIBS imaging for

048 the identification of microplastics in the environment.

A case study for environmental samples
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This work reports the detection and identification of microplastics (MPs) by constructing LIBS
images from the emission lines of different markers, In recent years, interest regarding the
detection of MPs has risen exponentially. Current techniques carry severe drawbacks such as
high analysis time and equipment costs or the need of a complicated sample treatment. For this
reason, the present work proposes a protocol for studying MPs that involves a novel, simple,
and rapid sample preparation method, combined with a single LIBS image scan, which enables
the construction of the particle distribution in the filter for the detection and classification of
MPs.

Firstly, four types of plastics, were crushed and suspended in water in order to emulate a real
sample. As the preparation step, MPs suspended in water were isolated using a laboratory filter.
Then, in order to prepare them for LIBS analysis, they were immobilized in doublesided
adhesive tape in a microscope glass that acted as a physical support. An evaluation of the MPs
fingerprint allowed for the detection of individual markers associated with each MP type.
Combining spectrum normalization and isolation of the wavelength corresponding to the
emission of each marker allowed for the obtention of LIBS images corresponding to the
distribution maps of the different MPs. This way, a selective differentiation of MPs in a mixture
sample could be achieved in a way that could help bring a better understanding of MPs pollution
in real and more complex samples. Not only that, but the simplicity of this working protocol
makes it an interesting candidate to apply at a bigger scale in order to detect and classify different
kinds of MPs in environmental samples.
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LIBS Imaging, Microplastics detection, Emergent pollutants, Environmental samples
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Analytical Model of Crater Formation at Laser Ablation

Alexandre Semerok
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The analytical model of crater formation on a solid surface under laser ablation is presented. In
this model, liquid layer formation, surface vaporisation and liquid matter ejection by vapor pressure are
taken into account to explain the resulted crater shapes and their characteristics (depth, crater rims
formation) and atomisation efficiency of laser ablation as a function of laser beam parameters (beam
diameter, pulse energy and duration). The experimental results obtained in our earlier studies on laser
ablation and crater formation with fs, ps and ns pulses [1-3] are discussed on the basis of this model.
The limits of the model validity are discussed as well.

Keywords: Analytical model; Laser ablation; Crater formation.

REFERENCES

[1] A. Semerok, C. Chaleard, V. Detalle, S. Kocon, J.-L. Lacour, P. Mauchien, P. Meynadier,

C. Nouvellon, P. Palianov, M. Perdrix, G. Petite, B. Salle, Laser ablation efficiency of pure metals with
femtosecond, picosecondandnanosecondpulses,Proc. SPIE 3343, High-Power Laser Ablation, (14
September 1998); https://doi.org/10.1117/12.321550.

[2] A. Leontyev, A. Semerok, D. Farcage, P.Y. Thro, C. Grisolia, A. Widdowson, P. Coad, M. Rubel,
JET-EFDA contributors, Theoretical and experimental studies on molybdenum and stainless steel
mirrors cleaning by high rvepetition rate laser beam, Fusion Engineering and Design 86 (2011)
1728-1731. https://doi.org/10.1016/j.fusengdes.2010.12.068.

[3] L. Carvalho, W. Pacquentin, M. Tabarant, A. Semerok, H. Maskrot, Metal decontamination by high
repetition rate nanosecond fiberlaser: Application to oxidized and Eu-contaminated stainless steel,
Applied Surface Science 526 (2020) 146654. https://doi.org/10.1016/j.apsusc.2020.146654 .

87

Book of Abstracts



EMSLIBS 2026

P2

Composition and depth analysis of transition metal boride

using vacuum UV LIBS

Sanath Shetty', Sahithya Atikukke?, Ivan Urbina!, Matej Veis!, Pavol Durina®, Tomas Roch:
and Pavel Veis!-*

IDepartmem of Experimental Physics, FMPI, Comenius Univ., F2, Mlynska dol., 84248, Bratislava, Slovakia.
’Department of Astronomy, Physics of the Earth, and Meteorology, FMPI, Comenius Univ., F2, Mlynskd dol.,
84248, Bratislava, Slovakia.
3CENAM, FMPI, Comenius Univ., F2, Milynska dol., 84248, Bratislava, Slovakia.
*Corresponding Author E-mail: pavel.veis@fmph.uniba.sk

Transition metal borides are a diverse group of compounds composed of boron and a less
electronegative element, typically without oxygen. Due to their technological significance, borides
formed by Group 46 transition metals are of particular importance. These compounds exhibit extreme
physical and chemical properties like a high melting point of around 3000°C, hardness over 30 GPa and
elastic modulus at around 440-460 GPa, whose usage can extend from the walls of hightemperature
facilities for thermal protection to structures of space vehicles [1]. These physical properties
significantly depend on the concentration of Boron in the compound [2]. Laser Induced Breakdown
Spectroscopy (LIBS) is a well-developed technique for on-site stoichiometric analysis of the materials.
However, conventional LIBS operated in UV-near infrared (NIR) is not effective in detecting lighter
elements like Boron (B) [2] whose atomic emission lines are in the vacuum ultraviolet (VUV) region.
Additionally, to investigate the thermal tolerance ofthese compounds, a series of laser pulses is used to
ablate the material. The resulting ablation crater profiles are analyzed to quantify the material removal
in terms of volume [3]. The depth profile elemental analysis is done by CF approach from spectra
recorded by the echelle (Michelle MES000, Andor Technology) and VUV spectrometer (McPherson)
using the NIST [4] and Kurucz atomic spectral line database [5]. The crystal structure of the samples is
studied using X-ray diffraction and the ablation rates are compared against different structures to study
the hardness.
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The calibration-free LIBS (CF-LIBS) method enables the determination of quantitative plasma
parameters without the need for calibration data. This can be especially useful in contexts where there is
no - or not enough —matrix-matched data, such as in in-situ rover missions. Besides the indirect CFLIBS
methods where plasma parameters are inferred from the spectrum directly [1], there is also the direct
method where an experimentally obtained LIBS spectrum is compared to a synthetic spectrum produced
by the simulation of a feasible plasma model [2].

In this work we have implemented a plasma model that is differentiable via autodifferentiation with
respect to all of its parameters (e.g. temperature, elemental concentrations). We present a fitting scheme
that utilizes gradient descent to find the optimal plasma parameters. Using gradients enables a speed up
with respect to the “black-box” Monte-Carlo method presented in [3].

At the same time our method does not require previous expert knowledge of the target, such as selecting
suitable transitions, and is able to optimize all plasma parameters simultaneously instead of iteratively
[4].

In the specific case of our model, a homogeneous one-dimensional plasma at local thermal equilibrium,
we demonstrate that the gradient descent approach is able to find the optimal solution fast and
consistently. We show thatthis approach is generic and can be extended to more complex plasma models.

Keywords: Gradient Descent; Calibration-Free LIBS; Optimization;
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The sensitivity of analytical measurements is crucial for trace element quantification. It is typically
quantified via the limits of detection that are the smallest elemental fractions for which the associatec
analytical signal can be distinguished from the background signal [1]. In compositional measurements
via laser-induced breakdown spectroscopy, the analytical signal is the spectral line emission, whereas
the background signal mostly originates fromthe plasmacontinuumemission [2]. Bothtypes of emissior
depend on the plasma properties, which in turn depend on the laser irradiation conditions. The limits o
detection have therefore a complex dependence on the laser irradiation conditions, and it is difficult tc
predict the experimental conditions that enable highest LIBS measurement sensitivity.

Against this background, we determined the limits of detection for multiple elements anc
different sample materials by varying (i) the delay between laser pulse and detector gate; (ii) the numbe
of laser pulses for signal acquisition; and (iii) the laser pulse energy. The measurements were performec
using two different LIBS instruments. One is operated with an ultraviolet laser under argon atmosphere
the other apparatus works with an infrared laser in ambient air.

The limits of detection were obtained using a previously introduced procedure based on ¢
calibration-free LIBS measurement method [2]. The procedure is operated using the following steps : (i
calibration-free LIBS measurements via spectra simulation [3] are applied for accurate plasme
diagnostics and compositional measurements; (ii) the most sensitive transition ofthe elements of interes
is selected via its signal to noise ratio; (iii) the curve of growth is generated for each selected line via the
calibration-free approach and, (iv) the limit of detection C; o is determined by comparing the computec
line intensity to the standard deviation of the background signal o;,. Precisely, C,¢p is given by the
elemental fraction for which the line intensity equals 3 g;,.

In addition to the determination of the relative limits of detection C;op, we deduced the absolut
limits of detection m;op defined as the minimum mass of elements required for detection. Therefore, the
ablated volume is deduced from microscopic observations of the laser-produced craters. The
measurements illustrate for both LIBS instruments the expected dependence of the relative limits of
detection on the number of applied laser pulses C;op o 1,2 The dependence on laser pulse energg
strongly differs for both LIBS systems as a consequence of stronger plasma screening in case of infrarec
laser radiation. The laser energy for highest sensitivity depends on the ionization stage of the emitting
species and the upper-level energy of the transition.
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As a direct solid analysis technique combining sampling and excitation of the material by laser
ablation, LIBSis subjectto matrix effects. These effectsresult in variations in ablated mass, temperature,
and plasma density from one material to another. They are therefore essential to characterize when
dealing with different types of matrices. Certain quantification methods, such as the well-known
CFLIBS, allow them to be correctedbased onspectroscopicmeasurementsofplasma characteristics [1].
However, these measurements are subject to uncertainties related to spectroscopic parameters such as
the Stark broadening parameter or the Einstein coefficient of the transition, and/or measurement biases
due, for example, to self-absorption.

Here, we are interested in accurately characterizing the matrix effects observed in amodel case,
namely the analysis of impurities in metal alloys. To do this, we use a method described in previous
work, in which a tracer element is deposited on the surface of the samples [2]. Iron is chosen because it
allows the temperature and electron density of the plasma to be measured. The deposit is made in such
a way that it has only a marginal, or even negligible, influence on ablation and plasma parameters. The
ablated mass is then measured by an interferometric profilometer. The temperature is determined by a
Boltzmann plot, with particular attention paid to the choice of lines limiting measurement bias. Finally,
the electron density is estimated in the conventional manner by measuring the Stark broadening.

We will discuss the measurements of these three parameters characterizing matrix eftects, and
we will present calibrations of iron concentration in seven metal alloys, corrected for variations in
ablated mass, plasma temperature, and density. The results show that matrix effects can be satisfactorily
corrected for four of them. The discrepancies observed for the others will also be discussed. Differences
in crystal structure and vaporization yield of the ablated material may be invoked to explain these
discrepancies.

Keywords: matrix effects; quantitative analysis; metal alloys
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The elemental analysis and trace elements detection in liquids is studied using Laser-Induced
Breakdown Spectroscopy (LIBS). The challenges of analyzing liquids arise due to unclear anomalous
processes of the laser pulse-liquid interactions, and also due to the strong quenching of laser induced
plasma (LIP) by the water molecules and its radicals. To overcome these problemsstudies with different
LIBS techniques were carried out [1-2]. Recently LIBS assisted by acoustic levitation (LIBS-AL) has
been used with CW laser drying for preconcentrating an isolated droplet before LIBSAL analysis [3-5].
This technique allows methods such as calibration curve (CC) by external standard to quantify difficult
elements such as Boron in water samples [4] or Calibration-free (CF) quantification of mineral waters
samples [5]. Somerecent results have shown applicability of LIBSAL technique for CC quantification
of Fe in plasma activated water samples (PAW) due to the contamination during production of PAW.
This contribution studies CW laser drying process in time to optimize proposed LIBS-AL technique.
The goal is to observe the evolution of LIBS spectra quality and CF quantification of elements within
water-based matrix during different stages of preconcentration/drying by CW laser. LIBS spectra were
recorded using a broadband echelle spectrometer (Andor Tech., ME5S000) coupled to an iCCD (Andor
Tech., iStar DH734).

Keywords: liquid sample quantification, LIBS-AL, CW laser drying, preconcentration
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Laser-Induced Breakdown Spectroscopy (LIBS) technology faces significant challenges from
wavelength drift caused by temperature variations in practical applications, which severely affects the
accuracy and reproducibility of spectral analysis. This paper proposes an efficient correction algorithm
based on phase correlation method to address the wavelength drift problem in LIBS systems caused by
temperature changes. The method utilizes the shift theorem of Fourier transform to perform comrelation
operations on the entire spectral frequency domain, enabling rapid and accurate estimation of overall
spectral drift without requiring peak-by-peak matching, thereby avoiding error accumulation and
computational complexity associated with traditional methods. Experimental results demonstrate that
within the temperaturerangeof20°Cto 34°C, spectral drift shows a significant linear increase with rising
temperature, with notable differences in drift magnitude across different spectral channels. After
correctionusing the proposed method, wavelength correction errors forall channels are controlled within
0.01 nm, with an average correction error of 0.0034 nm, achieving sub-pixel precision correction.
Compared with existing wavelength correction technologies such as the PSO and MGR algorithms on
the MarSCoDe LIBS system, this method offers higher computational efficiency, lower hardware costs,
and better adaptability. The research providesa reliable and economical solution for the industrialization
and commercialization of LIBS technology, demonstrating significant practical value and application
potential.

Keywords: LIBS; Wavelength Drift; Phase Correlation.
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Laser Induced Breakdown Spectroscopy (LIBS) has emerged as a promising analytical
technique forthe plasticindustry, offering the capability to measure plasticmaterials directly, eveninline
with minimal or no sample preparation. This approach has gained significant attention due to the
increasing necessity for quality control in the recycling process, ensuring the purity and composition of
recycled plastics [1,2]. This study explores the application of LIBS for analyzing various plastic types,
including polypropylene (PP), copolymer polyethylene/polypropylene (copoPE+PP), polyethylene (PE)
polystyrene (PS), and polyethylene terephthalate (PET), in the form of recycled flake forms.

The spectra of plastic samples were analyzed, highlighting key elements such as carbon (C),
oxygen (O), nitrogen (N), and hydrogen (H), as well as common contaminants such as copper (Cu), iron
(Fe), titanium (Ti), sodium (Na), and potassium (K). Principal Component Analysis (PCA) was
employed to assess data clustering, revealing distinct patterns for PP flakes and outliers, based on an
average of 125 spectra per sample. Further, multiple machine learning algorithms were applied for
polymer-type classification, with varying training datasets, and the results of the prediction scatter are
discussed. Additionally, the detection of chlorine, notably from CaCl bands adjacent to CaO, and the
presence of harmful elements such as barium (Ba) in granulate and recycled shreds were successfully
identified, which is critical for ensuring the safety and quality of recycled plastics. This work
demonstrates the potential of LIBS as a robust tool for efficient and non-destructive, respectively micro-
destructivemonitoring in plasticrecycling processes, contributing to higher standards in material quality
assurance and contamination detection.

Keywords: LIBS; Polymers; Classification
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Abstract

Laser-Induced Breakdown Spectroscopy (LIBS) is an optical emission technique in which a high-energy laser
pulseis focused onto the surface of a material, producinga transient micro-plasma. As the plasma cools, it emits light
containing the characteristic spectral lines of the constituent elements, allowing direct and simultaneous mult-
elemental analysis. LIBS offers several advantages over conventional analytical methods, including minimal or no
sample preparation, rapid analysis , and the capability to perform in situ and real-time measurements on solids,
liquids, or gases materials. However, the analytical performance of LIBS is not governed solely by chemical
composition; itis also highly sensitive to physical andmicrostructural factors such as particle size, surfaceroughness,
and compaction, which can influence plasma formation, energy coupling, and emission intensity. In complex granular
materials like soils, the role of particle size in modulating light absorption, scattering, and plasma formation remains
poorly understood. Variations in granulometry can significantly alter photon coupling efficiency and signal
reproducibility, thereby affecting quantitative interpretation. This study provides the assessment of granulometric
effects on LIBS plasma behavior and emission characteristics in iron-rich Algerian soils.

To strengthen, to provide deeper insight into LIBS mechanisms, X-ray diffraction (XRD) and Raman spectroscopy
were employed as complementary methods to correlate optical and plasma behavior with structural and vibrational
properties. Iron-rich soil samples with particle sizes ranging from 32 to 125 pm were investigated. XRD pattems
showed identical peak positions acrossall fractions, confirming stable crystallinephases, while finer grains exhibited
broader peaks due to smaller crystallite size and enhanced microstrain. Raman spectra displayed consistent
vibrational modes, although the signal intensity decreased for smaller grains owing to increased scattering and defect
induced damping . LIBS analyses revealed higher emission intensities for larger particles, indicating more efficient
plasma generation in less compacted samples .

These results demonstrate that particle size, though chemically neutral, critically governs the optical and plasma
processes defining spectroscopic response. Controlling granulometry and compaction is therefore essential for
quantitative accuracy in XRD, Raman, and LIBS analyses of heterogeneous soil systems.

Keywords : LIBS ; Particle size ; Iron-based soils ; XRD ; Raman Spectroscopy.
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S. Guellour*!-2, C. Fabre!, J. Fernandes?, M. Jatteau! + A. Eglinger!, V. Motto-Ros? 1

GeoRessources CNRS-Université de Lorraine, 54500 Vandoeuvre-l¢s-Nancy, France
> ILM, University of Lyon 1, 69100 Villeurbanne, France

*Corresponding Author E-mail: samy.guellour@univ-lyon1.fr

The micro-LIBS imaging approach has so far been implemented with lateral resolutions
typically ranging from 10 to 20 um. However, advancing toward higher spatial resolutions [1] while
maintaining a sufficient LIBS signal to detect minor and even trace elements has become essential. Such
ultra-high-resolution capability is particularly valuable in geological applications, where both the
detection of light elements and strategic metals provide crucial insights into mineralization processes
and rock microstructures. This technique directly links elemental composition to the microscopic
organizationof mineral phases, offeringkey information on formation and alterationmechanisms within
geological systems.

In this context, a new high-resolution LIBS system has been developed. The setup employs a
green laser (532 nm) with adjustable attenuation and optical filtering to achieve the smallest spot sizes.
[t is coupled to piezoelectric stages with optical encoders ensuring sub-micrometer positioning accuracy
and exceptional mechanical stability during scanning. In this poster, we present this unique LIBS system,
which combines 1 um spatial resolution with a fast acquisition rate of 50 Hz. This unprecedented
configuration merges micrometric precision with high throughput, enabling rapid analysis of
heterogeneous materials. Preliminary results obtained on various geological samples, including gold
mineralization zones and As—Pb—Zn phase transitions, demonstrate the instrument’s outstanding
potential for future applications in geoscience and mineral analysis.

Keywords: Micrometrical Resolution; Gold mineralization; Mineral phases; Micro-LIBS.
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Laser-induced breakdown spectroscopy (LIBS) is a versatile analytical technique that can
provide elemental and molecular information in real time. It is applicable to various fields, including
planetary exploration [1,2], environmental analysis and materials science. The development of high-
resolution LIBS (HR-LIBS) significantly improves the ability to resolve fine spectral details, including
isotopic shifts. These shifts are of particular interest in astrobiological studies aimed at identifying
biosignatures on Mars.

This work focuses on characterizing HR-LIBS spectra of isotopically labelled organic
molecules, paying particular attention to the diatomic CN and C: fragments, which are potential
molecular biosignatures. This study compares LIBS spectra obtained under two different environmental
conditions —terrestrial airand a simulated Martian atmosphere (COz at 7 mbar) —to evaluate the effect
of surrounding gas composition on plasma formation and molecular emission.

Samples of urea and benzamide, as well as their enriched '*C and '*N isotopologues, were
prepared in pellet form and analyzed using an Nd:YAG laser (1064 nm) and a high-resolution Echelle
spectrograph. Emission spectra were recorded in the ultraviolet—visible region, focusing on the CN
violet system (Av =0 and +1 transitions) and the C> Swan bands. Isotopic shifts between the '>C"*N-
13C'N and ">C"*N-"2C'N isotopes were measured for the first time at high resolution.

The results reveal that molecular emission intensities are higher in air than in COz, due to the
availability of atmospheric nitrogen in CN formation. The observed isotopic shifts in HR-LIBS spectra
are in the order of picometers, which confirms the necessity of using high-resolution instrumentation to
distinguish them accurately. Furthermore, simulated spectra generated using commercial software were
employed to validate the calibration and spectral resolution of the experimental setup.

This study demonstrates the potential of HR-LIBS as a powerful analytical tool for isotopic and
molecular analysis relevant to astrobiology and the search for life on other planets. The ability to detect
and resolve isotopic molecularsignatures such as CN and C: under Martian-like conditions reinforces
the applicability of LIBS in upcoming space missions.

Keywords: HR-LIBS, isotope shift, high-resolution spectroscopy, CN, C:, biosignatures, Martiar
atmosphere.

REFERENCES

[1] T. Delgado, L. Garcia-Gémez, L.M. Cabalin, J.J. Laserna, Investigation on the origin of molecular
emissions in laser-induced breakdown spectroscopy under Mars-like atmospheric conditions of
isotope-labeled compounds of interest in astrobiology, Spectrochim Acta Part B. 179 (2021)
106114. https://doi.org/10.1016/j.sab.2021.106114

[2] T. Delgado, F.J. Fortes, L.M. Cabalin, J.J. Laserna, The crucial role of molecular emissions on
LIBS differentiation of organic compounds of interest in astrobiology under a Mars simulated
atmosphere, Spectrochim Acta Part B. 192 (2022) 106413.
https://doi.org/10.1016/i.sab.2022.106413

110



EMSLIBS 2026 Book of Abstracts

P25 A calibration-free method for laser-induced breakdown

spectroscopy based on a high-repetition-rate fiber laser
and non-gated detectors
Jiaming Li*
South China Normal University, Guangzhou 510006, China

*Corresponding Author E-mail: jmli@m.scnu.edu.cn

The combination of laser-induced breakdown spectroscopy based on fiber lasers (FL-LIBS) and non-
gated detectors take advantages of cost-effective, fastresponse, and stable long-term operation, has great
potential for rapid detection and online diagnosis. However, conventional calibration-free (CF) method
struggle to achieve satisfactory analytical accuracy in FL-LIBS measurements with such detectors. This
is because the plasma properties certainly change during the acquisition time which is much longer than
plasmalifetime. Therefore, this work develops a novel calibration-free method to addressthe limitations
in FL-LIBS using non-gated detectors. The methodology comprises two principal components: spectra
simulation via time-integration method and determination of unknown parameters utilizing particle
swarm optimization (PSO); hence, the new calibration-free method is designated as PSO-SSCF. Overall,
it exhibits superior accuracy on the quantitative analysis of standard TC4 titanium alloys. Compared to
conventional CF method, reductions in average relative errors (AREs) range from 1.539%to 7.631%
for aluminum, 22.631%to 29.173% for vanadium, and -1.071%to 0.714% for titanium. PSO-SSCF
even outperforms the time-integrated calibration-free (TICF) method with an iCCD gated detector.
Moreover, PSO-SSCF shows good repeatability with relative standard deviation (RSD) less than 5%,
and achieves sub-second computation time via GPU acceleration. In a summary, this work provides a
feasible calibration-free method for FL-LIBS, facilitating the application of LIBS in scientific and
industrial fields.

Keywords: laser-induced breakdown spectroscopy; fiber laser; calibration-free method; particle swarm
optimization
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The relevance of laser-induced plasmas acoustics (LIPAc) investigations has skyrocketed in recent
times, raised by NASA s mission Mars 2020 research with the Mars Microphone. While LIPAc signal
had been succinctly studied and applied, preferably, as a normalization asset to alleviate the shot-to-
shot instability of the LIBS signal, knowledge about the structure and the components of the acoustic
response, the effect that different parameters may had on it, as well as its behaviour in different
scenarios, were yet unknowns on the background of the phenomenon.

Research herein focused first on the progress know-how of the LIPAc signal. The conditioning of
sample-associated traits, instrumental variables, operational conditions, as well as the target-
surroundings on the ensuing acoustic response has been evaluated. Even experiments inside a thermal-
vacuum chamber (TVC), a facility that allows mimic planetary environments, have allowed LIPAc
signal performance under non-standard atmospheres.

From all this, applicability of LIPAC has been demonstrated. The close link that the acoustic response
maintains with the physical properties of the sample has made it possible to exploit its use to
differentiate specimens that showed a very high similarity in the optical response of their plasmas, to
enhance the identification of subsets within a whole, and even to correct discrepancies between atomic
and ionic information derived from the matrix effect.

In short, the results derived from all these studies go beyond a mere declaration of intentions,
demonstrating that the acoustics derived from laser-produced plasmas is a valuable source of
information not only acting on its own but also contributing as LIBS-LIPAc combination.

Keywords: Acoustics; LIBS; Laser-produced plasmas
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Most MALDI spectrometers use UV lasers for desorption. However infrared light is an
interesting alternative [1], in particular because it involves different modes of light-matter interactions.
For example, the 2.9 um wavelength matches to the O-H vibrations ubiquitous in biomolecules, which
allows alternative choices for the matrix, e.g. glycerol or frozen water{2]. Nd:Y AG lasers, emitting at
1064 nm, also represent an attractive light source.

Inorder to compare the MALDI MS spectra obtained with light sources at 355 nm and 1064 nm,
we used a commercial MALDI MS spectrometer (UltrafleXtreme, Bruker) modified to allow
both measurements on the same platform. In addition, our MALDI device was coupled with an
optical spectrometer to analyse, in real time, the light emitted during the desorption process.
This configuration allows LIBS (Laser-Induced Breakdown Spectroscopy) techniques to be
applied directly to the impacted area, paving the way for innovative multimodal analyses.

We studied different model molecules of different types : peptides, polymers and proteins.
Different matrices were also used, including graphite, o-cyano-4-hydroxycinnamic acid
(HCCA) and sinapic acid (SA) combined with different salts such as KI, CaCO3 and Nal.

Our preliminary results demonstrate that it is possible to detect characteristic atomic and ionic
emissions during desorption, illustrating the value of MALDI-MS-LIBS coupling for better
understanding the underlying mechanisms of ablation and ionisation. This approach combines
the advantages of molecular mass spectrometry and elemental analysis, offering new
perspectives for the in-depth study of surfaces and material-laser interactions, as well as for the
development of integrated analytical protocols.

Keywords: MALDI-MS-LIBS coupling; multimodal analysis
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Sampling approaches based on spot aerosol generation,
Catapulting and Trapping combined to LIBS
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Different strategies to handle samples and perfom LIBS analysis are described. Three approaches will
be detailed that result extremelly helpful when dealing with heterogeneous samples that are intended to
be analyzed by laser-induced breakdown spectroscopy (LIBS). The first one involves the spotaerosol
generation (SAG), wherean aerosol of nano/microparticlesis created locally by a low-energy laser pulse.
These particles can be directly analyzed in gas phase (straight LIBS) , being opticallytrapped for single-
particle LIBS (Optical-Trapping LIBS, OT-LIBS), oranalyzed once collected in the substrate by optical
catapulting followed by LIBS (Optical Catapulting LIBS, OC-LIBS). Additionally, acoustic trapping is
being explored as a useful way to handle liquids or samples with size and density not compatible with
optical traping.

The poster will summarize the different experimental configurations and applications developed
witheach approach in diverse areas that include space geochemistry (analysis of meteorites),
environmental (nanoparticles) and industrial analysis (powdered raw materials in 3D metallic and
polymer printers).

Keywords: LIBS; Sampling strategies; Optical trapping; Optical Catapulting; Acoustic Trapping;
Aerosol generation
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The availability of thermal vacuum chambers (TVAC) represents a need in today s planetary
research. A TVAC must be capable of operate under representative conditions (temperature, gas
composition, pressure, radiation flux ...) of space exploration targets but also have a useful volume
compatible with the performing experiments and the testing of equipment under mimicked scenarios.

This abstract detail the TVAC designed and installed at UMALASERLAB to serve the
astrochemical community. With a length of 12 meters and a useful internal diameter of 1.6 meters, the
chamber operates in a temperature range between 200 K - 400 K and can be oil-free pumped down from
atmospheric pressure to 10 mbar in the current configuration. Additional upgrades may extend the
pressure range up to the 10 mbar range. Such figures and dimensions turn the TVAC of
UMALASERLAB a powerful and versatile tool for space-related studies in chemistry, biology and
engineering. The internal surface of the TVAC is black painted with a special enamel to improve the
thermal emission of the surface itself and maximize light absorption (>95 % at any angle) to reduce
flares and ghost effects in the recorded spectra. For experiments demanding deep UV illumination, a
high-power Xe lamp provides illumination conditions similar to those at Mars surfacein the UV-A, UV-
B and UV-C spectral regions over a diameter of 50 cm in the geometrical center of the TVC. A graphic
user interface allows local and remote visualization, control and data logging of the vacuum pumps, the
cooling/heating system, the pressure gauges, the thermocouple gauges, and the mass flow controllers
for gas mix load in the chamber.

Different experiments performed inside the TVAC will be described including laser-induced
breakdown spectrometry (LIBS), laser-induced plasma acoustic (LIPAC) and thermal imaging
monitoring,

Keywords: Planetary spectroscopy; Stand-off spectroscopies; Thermal Vacuum Chamber
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Abstract:

The study investigated the effects of applying an electric field to the plasma plume generated during
Laser-Induced Breakdown Spectroscopy (LIBS) experiments on copper, aluminum and brass samples.
The primary goal was to enhance the time-resolved analytical performance and improve the limit of
detection (LOD) of the LIBS technique by employing high-voltage electric fields. Despite the theoretical
potential for increased sensitivity and detection capabilities, the experimental results did not
demonstratethe expected enhancements. The application of electric fields did not lead to significant
improvements in the sensitivity or limit of detection for identifying trace elements in the samples. This
outcomesuggests that while the concept of electric field-assisted LIBS holds promise, further research
is needed to fully understand and optimize the effectiveness of this approachin practical applications.
Additional investigation is required to determine the factors that limit the anticipated performance
gains and to explore strategies for realizing the theoretical benefits of electric field-assisted LIBS.

Keywords: LIBS, brass, Electric field, trace elements
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The SuperCam instrument[1,2], onboard the Perseverance rover, has beenexploring Jezero Crater since
February 2021. Over 1,000 individual martian targets have been analyzed using the SuperCam LIBS
technique, corresponding to more than 320,000 individual spectra.

To assess the chemical composition of these targets, several models have been implemented. These
models were developed using a database of LIBS spectra acquired on Earth, from well-characterized
samples [3]. These models perform well and have shown to be consistent with findings from the other
techniques from SuperCam (VISIR and Raman), and also from the PIXL instrument [4], even though
some refinements are in progress [5]. However, these models have been built using data of good quality
(good focus), which is not always the case for a spectrum acquired on Mars, due to poor coupling. This
poor coupling can be due to the distance of the target (the farthest was 15 m away from the instrument),
suboptimal focus, or rock textures and physical properties.

Therefore, itisnecessaryto control the quality of the martian databefore matching them with the models
This is essential to obtain an accurate estimate of the target’s chemistry.

Several techniques have been developed to assess the quality of the spectra. First, the “LIBS Quality
Index” [6], developed for the MarsCoDe instrument [7], and validated using ChemCam [8,9] spectra.
This technique calculates how different the spectrum is compared to the spectra used in the database.
Nevertheless, it has some bias, for example this index can be altered when a target is enriched in Ti.

Another technique is being developed, by using both the Signal-to-Noise Ratio (SNR) and the total
emission of the spectra. The combination of these two criteria, along with the LQI, seems to be a good
method to evaluate if a spectrum is of sufficient quality to be used forthe chemistry assessment. In this
presentation both methods will be presented along with the first assessments for the Mars data.
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Understanding heat transfer mechanisms under extreme temperature conditions is crucial for nuclear
materials, wheredirect experimental reproduction is challenging. Laser—matter interaction offers a versatile
approach to simulate such environments. This study presents a one-dimensional theoretical simulation of
heat conduction in aluminum subjected to nanosecond Nd:YAG laser irradiation, employing a finite-
difference scheme to capture the transient thermal response. The 1-D heat conduction equation was solved
[1] under temperature-dependent boundary conditions to estimate surface temperature, ablation depth, and
plasma velocity as functions of laser fluence.

A Gaussian laser pulse of 5 ns width was modeled, and the substrate was discretized into fine spatial grids.
Temperature at each node was iteratively updated, and when it exceeded critical thresholds, phase
transitions such as melting, homogeneous and heterogeneous boiling, and explosive boiling were
incorporated. Thermo-physical properties were dynamically updated with temperature to accurately
represent the phase-change behavior. An in-house developed code based on Fortran algorithm ensured
numerical stability and efficiency during rapid transients. Results reveal the evolution of temperature
profiles with both spatial and temporal resolution, delineating heat-affected and ablated zones. The temporal
evaluationis presented in Fig. 1. Plasma shielding effects were also modeled, demonstrating that plume
formation attenuates incident energy, thereby influencing surface heating and material removal dynamics.
The analysis of plasma velocity and temperature provided further insight into plume expansion and energy
redistribution.

The proposed framework unifies heat conduction, plasma shielding, and phase-transition dynamics into a
single computational model that captures the complex, nonlinear behavior of materials under intense laser
irradiation. Its capability to reproduce extreme heating— that can be to a extend comparable to that
encountered in reactor environments—extends its significance well beyond conventional laser processing
This powerful simulation tool thus establishes a robust predictive platform for exploring and understanding
high-temperature phenomena and material evolution in demanding nuclear and industrial conditions.
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Fig. 1. Temporal evolution of surface temperature in different fluence conditions
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Uranium occurs in a wide range of geochemical forms within rocks, either as distinct uranium-bearing
minerals or as an isomorphic component incorporated into the crystal structures of other minerals. It can
thus enter the environment through natural processes, for instanceby weatheringand leaching of primary
uranium minerals such as uraninite or their secondary alteration products. In addition, anthropogenic
activities, particularly those associated with uranium ore processing, can also contribute to its release.
Although uranium mining activities in Europe are currently limited, several regions remain rich in
uranium deposits, and local contamination originating from former mining and ore treatment activities
is still present.

Identifying and characterizing the presence of uranium in geological structures is essential not only for
geological exploration but also for assessing potential migration pathways. Due to its relatively high
solubility in aqueous environments, uranium can easily mobilize into groundwater and surface water
systems, thus posing both environmental and health-related concerns.

For this reason, it is not sufficient to determine only the total concentration of uranium in bulk samples;
equally important is the mapping of uranium distribution at the micro- to millimeter scale. Spatially
resolved analyses make it possible to evaluate how uranium is incorporated in mineral phases, how it is
bound to surfaces of engineered materials such as metals, or how it interacts with bentonite, which is
considered a key component of engineered barriers in radioactive waste repositories. At the same time,
it allows the identification of local potential uranium contamination.

Laser-Induced Breakdown Spectroscopy (LIBS) represents a rapid, robust, and efficient method for
detecting uranium in minerals and other geological matrices. It can be applied both in situ and under
controlled laboratory conditions. However, direct in situ use in inhabited or publicly accessible areas is
challenging because of potential safety hazards, such as the risk of ocular damage from scattered laser
radiation. To address this issue, our work testedthe application of LIBS using lasersoperating in the eye-
safe spectral range, specifically at emission wavelengths of 1.54 um (Er:Glass), 1.64 um (Er: YAG), 2.01
um (Tm:YAG), and 2.12 pym (Ho:YAG), with additional experiments performed using a 1.34 um
microchip laser. The results obtained were compared with conventional LIBS measurements using the
1.06 um Nd:YAG laser.

The results of this research thereforehave significant practical implications for safe and efficient uranium
detection in a variety of geological and environmental contexts. Applications include rapid screening of
uranium-rich areas and preliminary evaluation. Ultimately, the combination of LIBS detection with
spatial mapping approaches contributes to a better understanding of uranium distribution and behavior,
while also minimizing associated health and environmental risks.

Keywords: Uranium; LIBS; Mapping
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J.L. Urraca Ruiz!”", P. Quiroga Montero, A. Sanchez Jimenez, M. Lépez Ochoa!, C.A.
Sanchez-Orozco!, J. Cardenas-Escudero'2, J. Bagés-Villaneda!, D. Galan-Madruga'-3, !, J.O.
Caceres!”
" Laser Chemistry Research Group, Department of Analytical Chemistry, Faculty of Chemistry,
Complutense University of Madrid, Plaza de Ciencias 1, 28040 Madrid, Spain Department,
? Analytical Chemistry Department, FCNET, Universidad de Panamd, Ciudad Universitaria, Estafeta
Universitaria, 3366, Panama 4, Panama City, Panama
? Centro Nacional de Sanidad Ambiental. Instituto de Salud Carlos 111, Ctra. Majadahonda-Pozuelo km
2.2, 28220 Majadahonda, Madrid, Spain

*jurracar@ucme.es, jcaceres@ucm.es

Mycotoxins, toxic secondary metabolites produced by fungi such as Aspergillus, Fusarium, and
Penicillium, pose a serious threat to food safety and public health due to their widespread presence in
cereals, nuts, andother agricultural products. Current methods for mycotoxin detection—such as HPLC,
LC-MS/MS, and ELISA—are accurate but often require extensive sample preparation, expensive
reagents, and time-consuming protocols [1]. As food safety regulations become increasingly stringent,
there is a growing need for rapid, cost-effective, and non-destructive analytical techniques for routine
mycotoxin screening.

In this study, we explore the feasibility and performance of Laser-Induced Breakdown
Spectroscopy (LIBS) as a novel approach for the detection and characterization of
mycotoxincontaminated food samples. LIBS operates by focusing a high-energy laser pulse on the
sample surface, generating a microplasma whose emission spectrum provides a unique elemental
fingerprint.

Although LIBS is traditionally used for elemental analysis, the use of chemometric tools [2] may also
capture molecular signatures indirectly associated with mycotoxin presence, especially when combined
with chemometric tools.

Multiple food samples artificially contaminated were analysed with known concentrations of
zearalenone. Spectral data were processed using Principal Component Analysis (PCA) to discriminate
between contaminated and non-contaminated samples, and to quantify toxin levels. These results
demonstrate that LIBS, coupled with multivariate analysis, can effectively differentiate contamination
levels within the same range as conventional methods.

The findings suggest that LIBS offers a promising alternative for rapid on-site screening of
mycotoxins, particularly in quality control processesin the food industry. Its minimal sample preparation
portability, and real-time feedback capabilities make it highly suitable for field applications. Further
work will focus on improving sensitivity, expanding the range of detectable mycotoxins, and developing
portable LIBS devices tailored for agro-food environments.

Keywords: Mycotoxins, LIBS, food safety, rapid detection.
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Heavy metals pose significant environmental and health risks due to their persistence, bioaccumulation,
and toxicity. Rapid and reliable detection methods are essential for monitoring contamination in soils
and substrates. This study explores the application of dual-pulse LIBS for the screening of heavy metals
in horticultural substrates, with emphasis on standardized ISO garden soils. LIBS offers a sensitive, non-
destructive, and real-time analytical approach capable of detecting trace metal concentrations without
extensive sample preparation. The method's potential is discussed in the context of environmental
monitoringandsoil health assessment, particularly in areas affected by industrial pollutionand ecological
burdens.

In this study, a geometrically configured dual-pulse LIBS approach was applied to improve the detection
of target metals ( e.g. Cu, Pb, Zn or Cr) in substrates. A single laser beam was divided into two parts
intersecting ata 50° angle at the sample surface, resulting in enhanced plasma formation and stronger
emission signals compared to the conventional single-pulse mode. This purely geometric dualpulse
configuration enables efficient energy coupling into the ablation zone without the need for complex
synchronization or timing control. The method combines minimal sample preparation with real-time
analysis, making it highly suitable for environmental monitoring and assessment of soil health in
contaminated or industrially impacted areas.

Keywords: Heavy metals; LIBS; Horticultural Substrates
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In the United Kingdom, the Nuclear Decommissioning Authority, through Sellafield Ltd, is currently
engaged in a program to remove radioactive waste from its legacy storage ponds on the Sellafield
nuclear site and elsewhere. Characterisation of a nuclear site is a fundamental step to assess physical,
chemical, radiological and biological properties to support informed decisions about the site
decommissioning. Typically, this would occur via collection of solid and liquid samples followed by
laboratory analysis.

However, this is both challenging (from both a logistical and safety point of view) and costly.
Remote, in-situ analysis may offer a safer, faster and cheaper option, whilst also providing an
opportunity to undertake more frequent analysis of the presence of radionuclides in the waste and the
concrete of the walls of the ponds.

This work is aimed at exploring the characterisation of both liquids and submerged samples, ideally
remotely and with no sample preparation, using laser-induced breakdown spectroscopy (LIBS).

There has been initial work on measurements of solutions containing elements of interest
(magnesium, strontium, cobalt and aluminium) and preliminary measurements of corroded Magnox
sludge (CMS) using a benchtop LIBS system (Applied Photonics Itd. LIBScan 150). The current focus
of the work has been on the development of a prototype system using a miniature ‘matchbox’ laser
(integrated optics pulsed 1030 nm matchbox Laser)anda variety of optical focusingassemblies in order
to test the viability of using this laser for a deployable probe. The preliminary results have shown that
a measurement can be taken on the surface of a liquid using an instrument of a small enough size to
deploy in-situ, however these measurements are of a lower quality than benchtop instruments. Future
works will focus on improving these results through better optimisation of the optics.
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Global estimates show that over half of the world’s population lacks essential micronutrients
[1]. In the project LuPhytSpE, we enrich sweet lupines (Lupinus angustifolius) with trace elements (Zn,
Fe, Se) through agronomic biofortification and monitor the uptake and enrichment dynamics of these
microelements using laser-induced breakdown spectroscopy (LIBS) — a fast, multi-element, and
minimally invasive technique. Unlike ICP-MS or AAS, LIBS requires no chemical digestion and
enables real-time, in-situ analysis of plant tissue, making it ideal for tracking elemental changes along
the growth cycle and locating enrichment hot spots in the plant [2,3]. Within this framework, we
optimize LIBS preprocessing and calibration strategies to reduce matrix effects and enhance tracedevel
detection in biological materials.

To address strong matrix dependencies in plant-based LIBS, we combine controlled pyrolysis
preprocessing to stabilize volatile organic matrices and reduce water-induced spectral variation with
spectral and physical characterization of trace element lines in lupine and related plant tissues. In
parallel, calibration, spiking, and signal correction strategies are developed to improve accuracy in
complex biological substrates. Measurements are performed on pressed pellets of plant material with
varying water content, spiked samples with defined trace-element additions, and across different plant
parts (stems, leaves, seeds) to identify element-specific enrichment patterns and localization within the
plant. Additional investigations include element mapping in micro-compartments using LIBS
microscopy, calibration models based on various machine learning regression methods, and the
characterization of different enrichment strategies to evaluate their efficiency and reproducibility.

Our results show that targeted pyrolysis enhances signal stability for trace-level detection and reduces
matrix effects without chemical digestion. Comparative analyses highlight the strengths and limitations
of different enrichment and calibration approaches, while LIBS microscopy reveals distinct element
distribution patterns across plant parts. Together, these findings lay the groundwork for a portable LIBS
platform for in-field monitoring of trace elements within the LuPhytSpE framework—linking
sustainable plant production with real-time nutrient diagnostics.

Keywords: phytomining; agriculture; micronutrient enrichment; biofortification
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The quantitative analysis of isotopes is an important topic in scientific and industrial research.
Hydrogen isotopes, in particular, play a significantrole in geo- and biochemical studies and in many
other fields. In recent years there is also an uptick in fusion-related research, where hydrogen isotopes
often are the fuel and/or the product of nuclear reactions [1]. Quantitative hydrogen isotope analysis in
these applications require a.) reliable isotope calibration standards which can also be used in a vacuum
environment, b.) fast and sensitive analytical methods with stand-off capabilities. Our approach to
respond to these needs was to synthesize polymers using a mixture of monomers containing isotopically
enriched variants and to use laser spectroscopy for the analysis. The advantage of using polymers as
calibration standards is that they contain the hydrogen isotopes in a covalently bonded form, therefore
they can not take part in isotope exchange with the humidity of air. If the polymer has a high molecular
weight, it is also vacuum-stable. The laser spectroscopy methods we use for analysis are nanosecond
laser-induced breakdown spectroscopy (ns LIBS), femtosecond laser ablation mass spectrometry (fs LA-
MS) and micro Raman spectroscopy (O-Raman).

In this work, we synthesized various polymers and polymerblends, such as different acrylates
and polystyrene, with controlled deuterium concentration. We studied the effect of several
photoinitiators and sample preparation methods on the mechanical and laser ablation properties, as well
as on the homogeneity of the polymer composition. Doping the polymers with gold nanorods was also
tested, which is a requirement for laser targets to be used in the NAPLIFE (Nano-Plasmonic Laser
Induced Fusion Energy) project that aims to use high-intensity lasers to ignite fusion on a small scale
with the help of nanoplasmonic effects [2]. Our ns LIBS vacuum analytical system has 1064 and 532
nm laser wavelengths, therefore we also explored potential ways to mix in additives (e.g. dyes or solid
particles) with the polymers in order to increase their light absorption at the laser wavelengths.
Optimalization of the measurement parameters for all the three used laser spectroscopy methods was
also performed, which allowed us to achieve good accuracy and precision in quantitative hydrogen
isotope analytical measurements.

Keywords: polymer; hydrogen; plasmonics; fusion
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The potential of laser-induced breakdown spectroscopy (LIBS) for detecting and characterizing
carbonaceous materials in mineral matrices is attracting increasing interest in planetary exploration [1].
This work presents the first evidence of amorphous carbon enclosed within hydrothermal gypsum
(CaS04-2H:0) crystals from the Mina Ricamine (Pulpi, Almeria, Spain), a recognized Martian analog
site. The study integrates LIBS, Raman spectroscopy, and SEM-EDX to investigatethe composition and
distribution of carbon-bearing inclusions.

LIBS analyses revealed C(I) (247.8 nm) atomic and CN (Av =0) molecular emissions in both
dark inclusions and siderite-free regions, indicating the presence of carbonaceous material trapped
within gypsum cleavage planes. Depth profiling confirmed the shallow distribution of carbon, while
spectral ratios were used to discriminate Fe emissions from siderite. Complementary Raman
spectroscopy identified the broad D (1332 cm™) and G (1602 cm™) bands that are characteristic of
amorphous carbon with a low degree of graphitization. On the other hand, SEM-EDX mapping shown
micron-sized, carbon-rich particles dispersed within the gypsum matrix.

These findings demonstrate the capability of LIBS, especially when combined with Raman
spectroscopy, to differentiate between organic and inorganic carbon sources in sulfate minerals. The
results highlight the suitability of gypsum as a potential preservative host for biosignatures, reinforcing
the applicability of LIBS for in situ astrobiological exploration on Mars and other planetary bodies.

Keywords: LIBS, Raman spectroscopy, gypsum, amorphous carbon, Martian analogs, biosignatures
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Laser-induced breakdown spectroscopy has been proposed for studies of rocks and other
geological samples. However, some applications, such as the analysis of extraterrestrial samples require
calibration using laboratory-prepared pellets and laboratory studies may differ from in-situ applications
in experimental parameters such as spot size. The aim of this work is to analyze variations in the
characteristics of the ablation plasma as a function of sample particle size and ablation spot size in LIBS
experiments performed on rock samples.

Different samples were obtained by milling various rocks and sieving them into particle range
size from 2 to 0.037 mm. Samples were ablated under atmospheric using the fundamental wavelength
of ananosecond Nd:Y AG laser, with an energy of 100 mJ. The focusing distance was varied to obtain
arange of spotdiameters ranging from 0.044 to 0.38 mm. Electron density and plasmatemperature were
determined from spectra acquired with both temporal resolution and time integration (see Fig. 1).

Preliminary results show that as the spot size increases, plasma parameters become dependent
on particle size. Pellets made from smaller particles tend to exhibit higher temperatures and electron
densities than those composed of larger particles or unprocessed rock samples.

Keywords: Plasma parameters; Rocks; Ablation spot; Matrix effect.
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Fig. 1 Influence of the relationship between particle size and spot diameter on plasma parameters. Results
obtained from selenite samples with a gate delay of 700 ns and a gate width of 100 ns. Three different ablation
spots are shown, corresponding to different focusing distances.

136



EMSLIBS 2026 Book of Abstracts

Fluorine Quantification in PFAS Compounds Using a Dual

P51 Experimental and Numerical LIBS Approach

F. Ehrari*, V. Morel, Y. Bechane, G. Lartigue, A. Bultel
CORIA, UMR CNRS 6614, Université de Rouen, 76801 Saint-Etienne du Rouvray, France

*ehrarif@coria.fr

An increasing number of studies highlight the potential of LIBS (Laser-Induced Breakdown
Spectroscopy) for pollutant detection across various environmental media. This analytical technique has
been successfully applied to solids (e.g., soil contamination [1]), liquids (e.g., water pollution [2]), and
gases or aerosols (e.g., air pollution [3]). In the present study, we focus on persistent pollutants known
as PFAS (Per- and Polyfluoroalkyl Substances), which are commonly found in aqueous environments,
particularly in rainwater [4]. These molecules are typically composed of carbon-fluorine bonds and one
or more functional groups, which confer unique physicochemical properties and industrial relevance.
The objective of this work is to quantify fluorine concentrations in environmental liquid samples using
LIBS, originating from PFAS, or from another source of contamination. To this end, LIBS
measurements are performed on aqueous solutions containing fluorinated molecules. Although this
technique enables the detection and quantification of fluorine, its inherent limitations in providing
molecular-level information render it unsuitable for comprehensive PFAS identification. Nevertheless,
LIBS offers several advantages, notably its rapid analysis capability, low operational costand suitability
for in-situ measurements.

To address this limitation, numerical simulations are employed as a complementary approach.
The modelling of laser-induced plasma formation and evolution is carried out using YALES2 [5],a
high-fidelity, multi-physics CFD code. As an initial step,simulations are conducted in a simplified argon
(Ar) environment to establish a baseline and validate the numerical framework. This foundation will
then be extended to more complex configurations, including air (N>—O:) and aqueous solutions
containing PFAS compounds, with the objective of improving the interpretation of LIBS signals and
enhancing molecular-level detection capabilities.

Keywords: fluorine; LIBS; numerical simulations; PFAS.
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This research analyzes the composition and identification of plastics using laser-induced breakdown
spectroscopy (LIBS) to supporttheir sustainable usein design. Design entails integrated decisionmaking
about the formal, functional, and material qualities of products. As everything manufactured is first
designed, this stage becomes crucial in shaping material reality. Unlike natural systems, designed
systems follow guided processes that define their creation, use, and disposal; thus, designers share
responsibility for material choices and their impacts on human and environmental health, including
pollution frommicroplastics and nanoplastics. Currently, most design decisions rely on material catalogs
or institutional libraries, focusing on the meso (material) level rather than elemental composition.
However, contemporary ecological challenges demand micro-level information— specifically, data on
the elemental makeup of materials—to enable responsible decision-making. Understanding material
composition and traceability is essential for sustainable design and lifecycle management. Within the
metasystem design framework, which emphasizes awareness of material flows and interconnected
systems, this study contributes micro-scale data onthe propetties of the components of designed objects.
Using LIBS, we demonstrate a rapid, non-destructive method for identifying and characterizing
polymers, addressing current manufacturing needs and promoting accountable design amid plastics’
widespread use, short life cycles, and lasting environmental and health impacts.

Keywords: Laser-Induced Breakdown Spectroscopy; Plastics characterization; Design; Sustainability.
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In the task of advancing in the ability to evaluate the potential presence of life on other planets,

in this work we describe several studies that focus on establishing different strategies for organic
biosignature identification. Terrestrial analogues are explored because of their potential as reference
models to study andreproduce processes occurring in other planetary environments. Therefore, different
materials associated with ancient biogenic processes have been selected for analysis by LIBS due to
their potential to host and preserve organic matter, thereby serving as a proxy for the detection of past
biosignatures. Oil shale rocks with kerogen content [ 1], moonmilk-type endokarstic speleothems with
amorphous carbon content [2], and oncoid-type organosedimentary deposits were selected as analogue
samples on Earth for the study [3]. Characterization of molecular emissions by LIBS and other auxiliary
analytical techniques allowed clues to be obtained about biological activity. The results highlight the
relevance of elemental techniques such as LIBS in the characterization of singular geological samples
for astrobiology research.

Keywords: Mars analogues, LIBS, biosignatures, molecular emission

REFERENCES

[1]

(2]

[3]

Garcia-Gomez, L., Delgado, T., Fortes, F. J., Cabalin, L. M., & Laserna, J. (2024). Detection of
indigenous organic matter in rocks from the interpretation of carbon molecular forms in the
laserinduced plasma. Spectrochimica Acta - Part B Atomic Spectroscopy, 213(2024) 106861.
https://doi.org/10.1016/i.sab.2024.106861

Delgado, T., Garcia-Goémez, L., Fortes, F. J., Cabalin, L. M., Lifian, C., Vadillo, L.,
JiménezGavilan, P., Ojeda, L., & Laserna, J. J. (2024). Discriminating organic carbon from

endokarstic moonmilk-type deposits by LIBS. The case of a natural carbonated Martian analogue.
Talanta, 271 (2024) 125639. https://doi.org/10.1016/].talanta.2024.125639

HuidoHuidobro, J., Madariaga, J. M., Carrizo, D., Laserna, J. L., Rull, F., Martinez-Frias, J.,
Aramendia, J., Sanchez-Garcia, L., Garcia-Goémez, L., Veneranda, M., Poblacion, 1., Cabalin, L.
M., Lopez-Reyes, G., Coloma, L., Garcia-Florentino, C., Arana, G., Castro, K., Delgado, T., &
Alvarez-Llamas, C. Fortes, F. J.3, Manrique, J. A.4 and the SIGUE-Mars teambro, J.1, Madariaga,
J.M.1, Carrizo, D.2, Laserna, J. L.3, Rull, F.4, Martinez-Frias, J.5, Aramendia, J.1, Sanchez-
Garcia, L. 2, Garcia-Goémez, L.3, Veneranda, M.4, Poblacion, 1.1, J. A. 4 and the S.-M. team.
(2021). Multi-analytical characterization of an oncoid from a high altitude hypersaline lake using
techniques employed in the Mars2020 and Rosalind Franklin missions on Mars. Anal. Chim. Acta,
1276 (2023) 341632. https://doi.org/10.1016/j.aca.2023.341632.

139



EMSLIBS 2026 Book of Abstracts

P54

140



EMSLIBS 2026 Book of Abstracts

PSS Process analysis in lithium extraction by LIBS

F. Albertin!> * J.v. Griinberg !, T. Beitz!, M. Ziihlke?, M. Hornschu?

'Department of chemistry, University of Potsdam, Karl-Liebknecht-Str. 24-25, 14476 Potsdam-Golm,
Germany

2SECOPTA analytics GmbH, Rheinstr. 15b, 14513 Teltow, Germany

*albertin | @uni-potsdam.de

To move away from fossil energy sources, altemative energy storage technologies are required.
At present, lithium-ion-based batteries are the most widespread and promising option. In lithium
extraction, rapid and precise knowledge of the current elemental composition enables fast process
adjustments, improving lithium yield and purity while reducing energy consumption and waste. At each
stage of the extraction process, the composition must be determined for samples in various states of
matter, including solids and liquids, and across a wide range of lithium concentrations. Inline Process
Analytical Technology (PAT) aligns with the concept of interconnected and autonomous industrial
production encompassed by the term Industry 4.0. Powerful analytical techniques such as inductively
coupled plasma optical emission spectrometry (ICP-OES) provide accurate results but are time-
consuming and require complex sample preparation. Faster techniques such as X-ray fluorescence
spectroscopy (XRF) are not sensitive to light elements. In this context, LIBS appears to be a promising
candidate, offering rapid and robust analysis with ideally no sample preparation. However, difficulties
arise when analyzing complex solid samples due to significant matrix effects. Moreover, applying LIBS
to aqueous samples presents additional challenges: plasma ignition in water generally requires higher
energy, measurements in water are affected by pressure-induced line broadening, and probing the
surface produces splashes that may damage the LIBS system. [1,2] Several strategies have been
proposed to overcome these issues, including the use of double-pulse techniques and modification of
the liquid’s surface-to-volume ratio by forming micron-sized droplets or jets.

Direct analysis of aqueous samples is performed on droplets, liquid sheets, and jets with
diameters in the micrometer range. Different nozzle geometries for sheets and jets are investigated. A
microscope objective is used to focus the laser into a small volume and to increase energy density for
liquid samples.

For probing low-concentration lithium solutions (e.g., saline solutions), fast enrichment
strategies are useful, as they also enable complete removal of water and reduce matrix effects to some
extent. Preconcentration of aqueous solutions on a well-defined region is achieved using a modified
ring-oven method with minimal sample loss. [3] Another investigated approach, known as evaporative
lithography, employs a mask with defined openings that enable localized evaporation, resulting in
directed fluid flow. To the best of the author’s knowledge, this method has not previously been applied
in conjunction with LIBS. Both preconcentration techniques can be completed in under 10 minutes.

The aforementioned methods were investigated, and calibration procedures were developed.
Multivariate calibration models are employed to address low lithium concentrations and strong matrix
effects. The concentration limits achieved so far with enrichment are in the range of several hundred
ppb, with signal intensity proportional to the solution concentration.

Keywords: inline PAT; lithium extraction; matrix effects; liquid LIBS
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The growing demand for sustainable materials and improvedrecycling efficiency callsforreliable, rapid,
and non-destructive methods to identify and trace plastic components throughout their life cycle. Within
the framework of the EU Horizon project PRECYCLING [1], laser-induced breakdown spectroscopy
(LIBS) is being explored as a versatile analytical tool to support these objectives and improving
recycling efficiency through tracer-based material identification.

In this study, polymer samplescontaining Y, Oz and Tb, O3 oxidetracersat various concentrations were
preparedand analyzed. LIBS measurements were conducted using a 1064 nm excitation source to detect
tracer-specific emission lines. Additionally, polypropylene (PP) recyclates marked with Y, Oz :Eu
tracers (200 ppm) were blended with virgin PP at different weight ratios (10-90% recyclate) to simulate
realistic recycling scenarios.

LIBS provided clear Yttrium emission signatures, enabling tracer detection below 100 ppm and reliable
identification of marked recyclates even at low tracer levels (~20 ppm). Blind tests achieved 100%
accuracy without interference from additives. These results demonstrate the suitability of LIBS as a fast,
contactless method for tracer-assisted polymer identification, supporting advanced sorting and
traceability in plastic recycling streams.

Keywords: LIBS, tracers, Y, Oz :Eu, polymer recycling, polypropylene, material identification
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Metal artefacts unearthed through archaeological excavations frequently originate from complex
cultural and exchange networks, reflecting trade, technological transmission, or the circulation of
prestige goods. Although such objects may exhibit comparable typologies or even closely related
elemental compositions, subtle analytical distinctions can reveal diverse production centers and
technological practices.

The metalartefacts examined in this study originate fromoneofthe mostsignificant discoveries
made in Transylvania, Romania, at the Tartaria— Podu Tartariei Vest sites (hoards Tartaria I and II) in
the middle Mures Valley. The Tartaria I hoard (Cx 116) represents the largest and most complex
assemblage of bronze and iron objects belonging to the so-called Bilvanesti—Vint series (horizon of
bronze hoards VI = DFS VI). It is preliminarily dated to the Ha B3—C1 horizon and constitutes the
earliest deposit of its kind uncovered through systematic archaeological excavation in the Carpathian
region and the Middle to Lower Danube basin. Preliminary typological and metallurgical studies
identified two principal categories of artefacts: bronze items—including forques, glass-type and knotted
fibulae, bracelets, and phalerae used as costume or harness accessories—and iron artefacts such as
weapons and tools. These objects may share morphological similarities and, in some cases, comparable
elemental compositions, reflecting complex patterns of exchange, technological transmission, and long-
distance trade within the region.

The present study applies Laser-Induced Breakdown Spectroscopy (LIBS) and Raman
spectroscopy to discriminate between typologically similar metal artefacts and to investigate their
compositional and technological variability. LIBS was employed in single-pulse configuration to explore
stratigraphic and compositional depth profiles, while Raman spectroscopy provided complementary
identification of corrosion products. The spectral datasets were processed using multivariate statistical
methods, including Principal Component Analysis (PCA), to classify the artefacts according to
compositional similarities and corrosion features. PCA revealed distinct patterns in the compositional
space, suggesting potential shared production or recycling practices. Through the integration of
spectroscopic data and statistical modelling, this study refines our understanding of the provenance,
technological traditions, and exchange mechanisms underlying metal craftsmanship in ancient Eastemn
Europe.

Keywords: LIBS; Raman; provenance; archacology
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The growing demand for lithium for battery production has increased interest in sustainable sources such
as geothermal brines, which typically contain lithium concentrations of 100-200 ppm. A promising
extraction approach is selective sorption in flow-through reactors, where lithium concentrations can vary
from tens to several thousand ppm. Reliable process control therefore requires inline lithium monitoring,
which is currently dominated by time-consuming laboratory techniques such as Inductively Coupled
Plasma Optical Emission Spectroscopy (ICP-OES).

We present an online method for quantitative lithium monitoring during extraction processes using LIBS
with plasma ignition directly at the liquid surface. Initiating the breakdown at the liquid—gas interface
causes the plasma to expand predominantly into the overlying gas phase, resulting in improved optical
accessibility and increased signal strength compared to subsurface excitation.

The LIBS system is integrated into a bypass flow cell connected to the extraction reactor. A slight gas
overpressure is applied inside the measurement cell to stabilize the liquid surface height of the flowing
brine and compensate for pressure-induced fluctuations. The system operates in a pressure-resistant cell,
enabling measurements under realistic geothermal process conditions at pressures up to 20 bar and
temperatures up to 70 °C.

Measurements are performed at a repetition rate of 1 Hz, allowing laser-induced surface perturbations to
fully dissipate between pulses. Continuous monitoring is demonstrated during a two-step lithium
extraction process over 9 hours, covering lithium concentrations from 5-1200 mg/L.

This approach enables stable, continuous, and quantitative LIBS measurements at liquid surfaces under
elevated pressure and temperature, establishing LIBS as a robust process analytical technology for inline
lithium extraction monitoring.

Keywords: LIBS in Liquids; Direct Lithium Extraction; Inline Monitoring

Fig. 1 Monitoring of the Li and Na concentration in a DLE process in a power plant at 15 bar, 50°C
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The increasing miniaturization of printed circuit boards (PCBs) demands highly precise
manufacturing processes. With an increasing number of microvias required, there is significant
potential for process improvement through inline regulation of the laser drilling process.

We present a single-line detector-based sensor system and its underlying measurement
principle. The sensor monitors the temporal evolution of plasma throughout its entire lifetime,
with particular focus on the dynamics of atomic emission lines and background radiation. Figure
1 a) illustrates the characteristic temporal behavior of copper plasma during laser drilling.

Fig. 1 a) Temporal behavior of a Cu fs-LIBS plasma at 670 pJ pulse energy b) Concept of the RAPID-LIBS

A clear distinction is observed: background radiation decays significantly faster than atomic
emission lines. Based on this observation, our RAPID-LIBS sensor implements a signal
processing approach where the initial signal phase is truncated to suppress background radiation,
followed by integration of the atomic line signal. This generates both analog and digital output
signals, enabling inline-capable real-time control of the laser drilling process. Beyond drilling
applications, this system can be adapted for various other laser micromachining processes. The
concept of the system is shown in Fig 1 b).

We examined the plasma lifetime of copper plasma under varying pulse energies, during which
we identified a time-shifted peak in the 521.8 nm emission line. This peak likely correlates with
plasma temperature, plasma density, and recombination rates. We present an analysis of these
relationships and propose a physical explanation for this phenomenon.

Keywords: real-time plasma lifetime, laser micromachining, plasma decay, microvia drilling
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The Centre for Research and Restoration of French Museums (C2RMF) is a national service of the Ministry
of Culture serving 1,220 state-approved museums distinguished by the designation “Musées de France.”
The C2RMF's key activities focus on the study of works of art at both a national and regional level. Equipped
with world-class experimental facilities that are constantly being improved, like the particle accelerator
AGLAE, the C2RMF focuses its research on several key areas: the physical and chemical characteristics of
materials, the ageing of materials, database management, image analysis, digitisation and 3D modelling.
They also have knowledge and experience of the capture of 3D data from many different types of artefacts.
Furthermore, it has launched an open-source database management system that provides multilingual
access (17 languages) to specialized vocabularies for the cultural museum sector and a semantic interface
to browse the results. C2RMF also carries out scientific studies and data recording for these collections,
and is active both nationally and internationally in the field of cultural heritage conservation and analysis.
The C2RMF is involved in the development of technologies and scientific procedures employed in the
preservation of art works and artefacts, both on its own and in partnership with other museums and
research institutions across the globe.

The Fondation des Sciences du Patrimoine (Foundation for Heritage Science)
is a partnership foundation under the Ministry of Culture and the National
Center for Scientific Research (CNRS), initially created to oversee the
governance of the LabEx (Laboratory of Excellence) Patrima and the EquipEx
(Equipment of Excellence) Patrimex. Starting in 2018, the Foundation
manages the Material Cultural Heritage: Knowledge, Heritage Preservation,
and Transmission program within the Humanities, Creation, and Heritage
University Research School.

Its ambition is to structure and finance research on tangible cultural heritage, with three main areas of focus:

e detailed knowledge of heritage
e improvement of conservation and restoration processes
e improvement of techniques for disseminating knowledge

In just a few years, the FSP has supported dozens of doctoral contracts, postdoctoral contracts, and
master's scholarships, and has helped organize numerous scientific events, establishing itself as a leading
player in the Paris region in the field of material heritage research. It helps to bridge the gap between the
academic world and the sphere of heritage professionals by offering specialists from a variety of
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institutional backgrounds a framework and the means to carry out jointly defined research projects. The
promotion of new synergies and working practices also applies from a disciplinary point of view: the
projects supported bring together all disciplines, from history to computer science, including physical and
chemical sciences, mathematics, law, and anthropology.

These projects contribute to a deeper understanding of heritage and an improvement in conservation and
restoration processes. They bring to the fore heritage objects that are still little known or poorly understood
in terms of their production and dissemination, as well as collections that are poorly defined from a
scientific point of view.

Cetim, the French Technical Center for Mechanical

Industries, has been created in 1965 to support

innovation and competitiveness of companies thanks
to its multidisciplinary expertise and unique R&D capacity.

Our 1100 employees provide a comprehensive array of services and solutions to the worldwide
manufacturing industries, especially Aerospace, Automotive, Energy and Oil & Gas, within the field of:

e Testing, control, measurement (NDT, 3D Scanning, metrology, loT...)

e [nnovative product, process engineering and industrialization (composites, additive manufacturing, smart
machining, ...)

e Services and consultancy (failure analysis and risk assessment, operational efficiency support, software,
Cetim Academy® trainings)

e Qutsourced R&D

Together with its international subsidiaries and partners, Cetim has been serving 8 000 customers in more
than 50 countries and has become a world leading engineering group able to support your environmental
and Industry 4.0 transformation.
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SPONSORS PLATIMUM
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SPONSORS GOLD
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FEATURES

- 1KHZ LIBS IMAGING

- 5-200 um RESOLUTION (PIXEL SIZE)
- FULL ELEMENTAL COVERAGE

- LARGE SAMPLES 200 X 300 mm

Water-cooled, 7000 Hz 193 nm
ArF excimer laser for high-speed
Imaging

Laser spot size adjustable
between 5-200 ym

~2 million pixels per hour
Multi-channel CMOS detector
Optional ICCD upgrade

Debris removal

HIGH-SPEED ELEMENTAL IMAGING



HEPA Filtration Unit

- Ensures clean and safe laboratory \

conditions by filtering out dust from
LA process

Robust Beam -

Delivery System

- Simple yet efficient beam delivery \

system including robust mirrors
and lenses

Sealed and purged with N,
Robust for hundreds of millions of
laser shots

LIBS Detection Module _—"

SN

INNOVATION TO [LLUMINATE

Mobile and Compact Cart

- Rugged, cart-based system ensures
Elemental Insight can be moved as
desired without risk of misalignment

Multi-fiber Light Collection

L

- 5or 6 channel CMOS-based
spectrometer array
- Optional iCCD detection

200 mm x 200 mm XY Stage /

- High speed imaging of large samples
at 400 mm per second

Linear encoders for high accuracy
pixel placement

Optional 300 mm Y axis

Onboard Gas Storage e

- Onboard storage of ArF and He cylinders

7.5¢cm

[P
-
A

- Dedicated light collection optics and
transport per channel leads to

lowest LOD’s

- Robust collection optics less
susceptible to misalignment

193 nm, 1000 Hz
Excimer Laser Source

7

- Efficient coupling with a wide
variety of sample types

- Provides low LOD’s

- Enables high speed imaging at
1000 pixels per second

Simple Ul with Onboard
Data Processing

y

- ESL's ActiveView2 control software
including iolite data processing and
image generation

© Elemental Scientific Lasers LLC | 685 Old Buffalo Trail | Bozeman, MT, 59715 | United States
Tel: + 406 586 3159 | lasers@icpms.com | www.icpmslasers.com




Specifications
Wavelength Range
Integration time
Optical resolution (FWHM)

SNR (single scan @ 10 ms)

SNR (max. per second w/High
Speed Averaging Mode)

Connectors
Physical dimensions
Weight

Temperature (operation)

Temperature (storage)

Best for

UV-vis absorbance of biological
samples (blood, DNA/RNA)

ST SR

185 -650 nm 185-1100 nm

3.8ms—6s lpus—2s

2.2 nm 0.42-11.52 nm

190:1 380:1

2,250:1 25,800:1
16 pin Samtec TFM,

SMA 905 (input fiber) RS-232, SMA, USB Type-C

42.1 x40.3 x 26.6 mm 88.1 x63.5x31.45 mm

70.4g 275¢g

0°C-55°C 0°C-55°C
-30°C-70°C -30°C-70°C

High light-level absorbance
measurements

& Info@oceanoptics.com

www.oceanoptics.com
e 3500 Quadrangle Blvd. Orlando, FL 32817 USA

HR

190-1100 nm
lpus—2s
0.08-7.12 nm
380:1
25,800:1

SMA, TFM-108-02-L-DH
Samtec, USB Type-C

148.8 x 106.4 x 48.2 mm
0.9306 kg
0°C-55°C
-30°C-70°C

Atomic emission line
identification

" 1k
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OceanOptics

oo oo

Wavelength Range
Integration time
Optical resolution (FWHM)

SNR (single scan @ 10 ms)

SNR (max. per second w/High Speed
Averaging Mode)

Connectors

Physical dimensions
Weight

Temperature (operation)

Temperature (storage)

Best for

190 -1100 nm

8 ms—10 min

1.2-6.87 nm
1,000:1

NA

SMA 905 (input fiber)

182 x 110 x 47 mm
1.15 kg
0°C-55°C
-30°C-70°C

UV absorbance of proteins

&) Info@oceanoptics.com
www.oceanoptics.com

Q 3500 Quadrangle Blvd. Orlando, FL 32817 USA

900 — 1650 nm
1ms—120s
2.8—-11.06 nm

13,000:1

SMA 905 (input fiber)
182 x 110 x 47 mm
0.9306 kg
10°C-35°C
-30°C-70°C

Biological sample and tissue analysis




SpitLight

SPITLIGHT EVO

FEATURES

e Up to 100 W average power (1 J @ 100 Hz)

e \ersions with improved pulse-to-pulse stability and smooth gaussian
beam profile available

e Reliable high-rep-rate performance with up to 1 kHz

o Marketleading diode lifetime

e Excellent size-to-power ratio

e Robust and stable monolithic design

e Easy scalability: EVO I to IV

e System can be injection seeded

> INNOLAS

L A S E R




SPECTRAL

INDUSTRIES

CorePulse

Integrate fast elemental analysis into your system

Autofocusing

Automatically focuses over a range of 50 mm so even highly complex
profiles can be scanned with precision.

Plug & Play

Delivered with documented software and
hardware development kit and full support.

Robust

Field-proven sensor easily adjustable to any
product or system application.

Fast

Supports sampling rates up to 1kHz for time-
sensitive analysis.

What is CorePulse?

The CorePulse OEM LIBS analyzer enables seamless integration into customer systems, providing instant
qualitative insights and supporting calibration for quantitative results. Compact and lightweight, it's an all-in-one,
user-friendly solution adaptable to various sample types.

Key features include autofocusing, 100-500 um spot size, a broad spectral range (190-967 nm), and fast kHz-rate
sampling for high-performance analysis. Leveraging advanced LIBS sensor technology, CorePulse can measure
nearly every element on the periodic table, including low atomic number elements such as hydrogen (H), carbon (C),
sodium (Na), and Llithium (Li).



CorePulse Specifications

An adaptable and robust OEM LIBS sensor that delivers reliable elemental data for faster,
smarter performance of your mining and recycling applications. CorePulse customers benefit
from plug-and-play design, which seamlessly integrates with core scanners, autonomous
vehicles, in-line measurement systems, robotic manipulators, and much more...

Input voltage 24V DC

Max. Input current 12A

Max. Measurement Frequency 1000 Hz

Laser Specifications Pulse energy: 1T mJ

Wavelength: 1064 nm

Range: 190 nm - 967 nm
Spectrometer Specifications
Spectral Resolution
UV: 0.16 nm (FWHM) - VIS: 0.34 nm (FWHM)

Analysis Specifications All major elements including light elements (H, Li, C, Na, Mg, Ca, etc)

Option A: 90 mm

Stand-off Distance Option B: 205 mm

Autofocus range +25mm

Software Control Application Programming Interface with DLL

Laser Safety Class 4

Ingress Protection IP 51 - Connection available to integrate external interlock.

Internal safety shuitter available.

Environmental Operating temperature: 15 to 35°C
Storage temperature: 0 to 40°C
Humidity: < 90% (non-condensing)

Mounting External 3-point mounting interface (M12)

Connectivity Interfaces Data: M12 X-coded, 1GBps

Trigger: BNCTTL

Maintenance & Calibration Calibration: Can be provided upon request
Maintenance: Regular window cleaning and cooling fins in case of dirty
environment. Additional services as per support packages.

Weight & Dimensions (L x W x D) Dimension: 386 x 476 x 190 mm
Weight: 23 kg
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