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Summary of the project :

A revolutionary technique for planetary science: Laser-induced Breakdown Spectroscopy
(LIBS) is an active analytical technique that makes use of a pulsed laser to ablate material of interest at
a distance. The atoms in the high temperature plasma emit at specific wavelengths from the UV to near-
IR and the light can be analyzed by spectrometry to determine the composition of the target [1]. Since
2012, LIBS has been successfully used under low atmospheric pressure for exploring the geology of
Mars at Gale Crater with the Mars Science Laboratory rover's ChemCam instrument [2-4]. LIBS can be
used to analyze single regolith mineral particles and larger rocks, giving major and minor elements
compositions. Moreover, LIBS is sensitive to volatile elements (H, Na, etc.) that are of intrinsic interest
to understand key planetary processes. The generated shock wave can also ablate dust covering rocks
to allow further analysis by other instruments on the mission platform (rover, lander). In order to quantify
the elemental composition of various targets, large laboratory samples analyses are required for
calibration, with ChemCam’s calibration database containing more than 400 standards [5-6].

LIBS is becoming international: Due to its ease of deployment and rapidity of analysis, LIBS has
shown a great potential as a chemistry survey instrument for the next generation of in situ space
missions to planets, satellites and small bodies. In the next couple of years, three more LIBS space
instruments will be sent for planetary exploration by teams representing several different nationalities In
2018, the Indian space mission to the Moon Chandrayaan 2 will comprise a rover equipped with a small
portable LIBS instrument for regolith reconnaissance around the landing site [7]. In 2020, the next NASA
Mars rover will carry the SuperCam instrument, a follow-up of the ChemCam instrument, which will
combine the LIBS technique with Raman and IR analyses for mineralogical assessment [8] in a
collaboration involving several different European countries. Finally, the China Academy of Space
Technology is developing a combined orbiter and rover mission for exploring Mars by 2020 [9]. The
Chinese rover will also be equipped with a LIBS survey instrument. In the framework of these near future
missions, it is important to develop strategies to assess the potential for combined analysis of these
different in situ instruments.

Goals of the ISSI International Team: In the framework of the ISSI/ISSI-BJ Joint Call for Proposals
2018 for International Teams in Space and Earth Sciences, we intend to submit a proposal to gather a
team of LIBS specialists from all the major countries currently involved in the use of LIBS for space
exploration (USA, Europe, Japan, India, China) to meet and exchange information during a couple of
workshops in 2018-2019.

The goals of the team will be fourfold:

1. Assess the potential for combined analysis of the data by sharing and discussing the
technical details of each instrument design.

2. Discuss the calibration procedures of each instrument and share the relevant tools
(databases, software, calibration targets, etc.) to determine the best methods to develop
potential cross-calibration between the four instruments.

3. Develop and share the tools necessary for comparing the analyses made by the four
instruments for the 2020 timeline, as an international effort.

4. Define a set of recommendations to facilitate the use of the technique for future planetary
missions.

ISSI being located both in Bern and in Beijing will provide ideal facilities to allow fruitful interactions
and meetings between the members from the different countries involved in such projects. We plan to
propose one meeting in each ISSI location (Beijing and Bern) for maximum benefit to the international
nature of the team. Of course, all team members are committed to attending the meetings in both
locations.

Research domain: Planetary Sciences
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1. Scientific rationale, timeliness and goals

Scientific context

Laser-induced Breakdown Spectroscopy (LIBS) is an active analytical technique that makes use of
a pulsed laser to ablate material of interest at a distance. The atoms in the high temperature plasma
emit at specific wavelengths from the UV to near-IR and the light can be analyzed by spectrometry to
determine the composition of the target (Cremers and Radziemski, 2006). The technique is routinely
used to analyze materials on Earth for industrial and scientific purposes. However, geological
applications remain challenging.

Since 2012, LIBS has been successfully used under low atmospheric pressure for exploring the
geology of Mars at Gale Crater with the Mars Science Laboratory rover's ChemCam instrument (Wiens
et al. 2012; Maurice et al. 2012; 2016). ChemCam can be used to analyze single regolith mineral
particles and larger rocks, giving major and minor elements composition. Moreover, LIBS is sensitive to
volatile elements (H, C, Na, etc) that are of intrinsic interest to understand key planetary processes and
potential habitability. The generated shock wave can also ablate dust covering rocks to allow further
analysis by other instruments on the mission platform (rover, lander).

The LIBS signal is dependent on the instrumental configuration used (laser pulse duration and
focus) and the environmental conditions under which the plasma is generated (atmospheric pressure
and composition). Preprocessing of the signal includes denoising, background removal, wavelength
calibration, instrumental response correction, and Earth to Mars correction based on on-board
calibration targets signals (Wiens et al. 2013).

In order to quantify the elemental composition of various targets, large laboratory samples analyses
are required for calibration, with ChemCam'’s calibration database containing more than 400 standards
(Wiens et al. 2013; Clegg et al. 2017). Major elements compositions are usually predicted using
multivariate data analysis tools. In the case of ChemCam, initially Partial Least Squares was used, but
further refinements include the use of Independent Components Analysis regression and multi
regression coefficients (Anderson et al. 2017, Clegg et al. 2017). Additionally, a database of LIBS
emission lines under martian conditions was generated from laboratory measurements to facilitate minor
elements monitoring for the mission (C-quest software, Cousin 2012).
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Figure 1: illustrations of the principle of laser induced breakdown spectroscopy measurements and of the space missions that
will deploy this capability in the 2020 timeframe. a. ChemCam instrument on-board Mars Science Laboratory (Credit CNES) b.
Chandrayaan 2 ISRO rover tests in the laboratory in preparation for launch (Credit ISRO) c. SuperCam on-board the NASA
Mars 2020 rover (Credit: NASA) d. The Chinese Mars rover for 2020 equipped with the LIBS laser (Credit CNSA).



Programmatic context and timeliness

Due to its ease of deployment and rapidity of analysis, LIBS has shown a great potential as a
chemistry survey instrument for the next generation of in situ space missions to planets, satellites and
small bodies. In the next couple of years, three more LIBS space instruments will be sent for planetary
exploration by teams representing a number of different nationalities. In 2018, the Indian space mission
to the Moon Chandrayaan 2 will comprise a rover equipped with a small portable LIBS instrument for
regolith reconnaissance around the landing site [7]. In 2020, the next NASA Mars rover will carry the
SuperCam instrument, a follow-up of the ChemCam instrument, which will combine the LIBS technique
with Raman and IR analyses for mineralogical assessment (Wiens et al. 2017) as part of a consortium
involving several European countries. Finally, the China Academy of Space Technology is developing
a combined orbiter and rover mission for exploring Mars by 2020 (https://gbtimes.com/china-reveals-
more-details-its-2020-mars-mission). The Chinese rover will also be equipped with a LIBS survey
instrument.

In the future, further space missions to study other planetary surfaces will likely include this capability
as well. Venus space missions have already been proposed to carry combined LIBS-Raman
instruments, while the small bodies and icy satellites are other suitable targets of high interest in the
future for astrobiological exploration (asteroids, comets, Titan, Europa, etc.). The capability of quick
survey for most elements with a LIBS instrument will prove essential for the success of the future
missions, especially if one of the goals is to return a sample from the surface.

Scientific rationale

In the framework of near-future and future missions, it is important to develop strategies to assess
the potential for combined analysis of the different in situ instruments and possible sharing of data and
tools to facilitate the interpretation of the results. Our international team of experts will therefore dedicate
its efforts to define the capabilities of LIBS for the different types of planetary missions and start
developing and sharing the tools necessary for the interpretation of the data.

Goals of the Working Group

In the framework of the ISSI/ISSI-BJ International Teams in Space and Earth Sciences framework,
we intend to gather a team of LIBS specialists from all the major countries currently involved in the use
of LIBS for space exploration (USA, Europe, Japan, India, China) to meet and exchange information
during a couple of workshops in 2018-2019.

The goals of the team will be fourfold:

1. Assess the potential for combined analysis of the data by sharing and discussing the
technical details of each instrument design.

2. Discuss the calibration procedures of each instrument and share the relevant tools
(databases, software, calibration targets, etc.) to determine the best methods to develop
potential cross-calibration between the four instruments.

3. Develop and share the tools necessary for comparing the analyses made by the four
instruments for the 2020 timeline, as an international effort.

4. Define a set of recommendations to facilitate the use of the technique for future planetary
missions.

2. Expected output of the project

1. Write a report and review paper on the methods for calibration and cross-calibration of LIBS
instruments. Create a database of relevant resources available online for this purpose.

2. Develop and share online the tools necessary for comparing the analyses made by the four
instruments for the 2020 timeline, as an international effort. One such tool is a library of LIBS
emission lines under different planetary conditions. The software already exists for Mars
applications (C-quest, Cousin 2012). Updates to the current version and a lunar and Venus
addition could be envisioned within the timeframe of the working group. A publication in the
form of a user manual would be published in a relevant scientific journal.

3. A comparison of calibration databases used from Earth-based laboratory experiments. A
comparison and definition of sets of relevant calibration targets for the respective
instruments. Define a general set of calibration recommendations for planetary LIBS. This
could also be published as a paper.

4. Prepare a report on the specific use of the techniques for planetary exploration and outline
the advantages and scientific goals of the instruments for different planetary bodies for future
exploration. The report would define a set of recommendations to facilitate the use of the
technique for future planetary missions and would be published in a relevant scientific journal
as well as for executive information.



3. Added value provided by ISSI and ISSI-BJ

ISSI being located both in Bern and in Beijing will provide ideal facilities to allow fruitful interactions
and meetings between the members from the different countries involved in such projects. We plan to
propose one meeting in each ISSI location (Beijing and Bern) for maximum benefit to the international
nature of the team. Of course, all team members are committed to attending the meetings in both
locations.

Facilities required

The team will need to have access to the internet during the meeting, to access the online archives
of each respective agency or institute and to allow exchange of files, and codes via the websites
dedicated to sharing the work.

4. List of confirmed team members

J. Lasue (IRAP, France; LIBS specialist, ChemCam and SuperCam, Team leader)

R. Wiens (LANL, USA, ChemCam and SuperCam PI, Team co-leader)

S. Clegg (LANL, USA, LIBS specialist, ChemCam and SuperCam)

A. Cousin (IRAP, France; LIBS specialist, ChemCam and SuperCam)

S. Kameda (Rikkyo University, Japan, Pl of LIBS for MMX)

J. Laserna (Universita de Malaga, Spain)

Z. Ling (Shandong University, China, LIBS expert)

S. Maurice (IRAP, France, ChemCam and SuperCam deputy-PI)

X. Ren (National Astronomical Observatories, Chinese Academy of Sciences, LIBS expert)
S. Schroeder (DLR, Germany, LIBS expert)

P. Sobron (SETI Institute, LIBS expert)

X. Wan (Shanghai Institute of Technical Physics (SITP), Chinese Academy of Sciences (CAS),
LIBS expert)

CoNOOhAWN =

5. Calendar of activities and output

Dates Activities Institute
Summer 2018 Finalisation of schedule, creation of project webpage all
One week workshop at ISSI-Bern: dedicated principally to
Jan. 2019 comparing the instruments and preparing recommendations for ISSI-Bern
planetary LIBS.
Sept. 2019 Presentation of the review at EPSC, review paper to be all
submitted
One week workshop at ISSI-BJ: dedicated to principally to
Oct. 2019 comparing the calibration procedures and defining the tools for ISSI-BJ

cross-calibration

Presentation of the final calibration at AGU or LPSC, associated

Dec. 2019 paper to be submitted

all

New tools, databases and procedures shared online, preparation

Dec. 2019 of dedicated publication on the work + report

all
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Planétes, Environnements et Plasmas Spatiaux, Institute of Research in Astrophysics and
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Role in the project: Team Lead

Current positions:
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