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Abstract

Laser Induced Breakdown Spectroscopy (LIBS) is
a promising tool for elemental chemical analysis in
planetary science, because it allows real-time and
fast in-situ determination of the elemental
composition of materials down to minute
concentrations. The technique requires no special
preparation of samples, can provide high lateral
resolution (as low as several tenths pum), depth
profiling (down to mm) and, therefore, is not
disturbed by dust layers. Miniaturized LIBS
instruments are currently considered for the next
NASA (Mars Science Laboratory) [1] and ESA
(ExoMars) [2] missions to Mars, as well as studied
for the international Europa Lander Mission [3].
Here we present the LIBS laboratory facility at the
German Aerospace Center in Berlin for the
chemical elemental analysis under simulated
planetary (Mars, Europa) conditions. The main
purpose of the system is the study of the LIBS
capability for in-situ spectroscopy for diverse
planetary missions as well as the development of a
LIBS spectral database under simulated planetary
conditions for planetary analogue materials.

LIBS system

The LIBS spectrometer (Fig. 1) is equipped with
two near-infrared Q-switched lasers. One is a
Nd:YAG laser from Continuum Inc. It operates at
1064 nm and provides a maximum output energy
of 220 mJ per pulse with a typical duration of 8 ns
and repetition rate of 20 Hz and 10 Hz. The other
one is a Nd:YLF laser from NeoLase GmbH
operating at 1053 nm with 5 mJ maximum pulse
energy, 5 ns pulse duration and variable repetition
rate (1-50 Hz). In a dedicated chamber diverse
planetary environmental conditions can be
simulated. For example, a Martian-like atmosphere

(95.55% COg, 2.7% N,, 1.6% Ar, 0.15% O,) can
be provided as well as high vacuum. The total
pressure range which can be covered is 10

1 bar. The temperature of the sample holder can be
varied from about 80 K to 300 K. The laser beam
is focused onto the sample surface and generates a
plasma.. The emission from this laser-induced
plasma is detected by a high-resolution Echelle
spectrometer (manufacturer: Laser Technik Berlin
GmbH), which is equipped with a gated ICCD
(Andor). The spectrometer covers the wavelength
range from 200 nm (UV) to 900 nm (IR) with a
spectral resolution of 9400-14000 in UV-to-IR
ranges. The instrument software allows time-
resolved (down to ~10ns) spectral analysis, as
well as complex elemental analysis including
calibration, and plasma diagnostics like electron
temperature and electron density.

Figure 1: LIBS system with
planetary simulation chamber.
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In addition, facilities for sample preparation, as
drying, milling of rocks, pressing powders, as well
as for surface characterisation, such as profiling,
roughness and pm-crater/pore measurements are
available.

Investigations in progress

Studies of Martian analogue materials under
simulated Martian atmospheric and temperature
conditions have been carried out using the DLR-
LIBS system. Analyses of water-related hydrogen
in wet and dry samples at variable surface
temperatures have been reported in [4]. The DLR-
LIBS also serves for testing of LIBS components
developed for planetary missions. For example, we
studied the element concentrations [5] in rocks and
soils as well as the plasma temperature [6] using
the ExoMars prototype LIBS laser as plasma
excitation source. Special attention was paid to the
radiometric and spectral calibration of the
spectrometer (an example of the LIBS spectrum is
shown in Fig. 2) as well as to the influence of the
experimental geometry on the LIBS spectra.
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Figure 2: Typical LIBS spectrum measured for the
andesite standard rock material DC71302 with
different exciting lasers.

In summary the LIBS system at DLR is a valuable
facility for reference measurements of planetary
analogue materials and for testing prototype LIBS
components. It is prerequisite for investigating
fundamental  effects resulting from the
environment like vacuum or sample types like ices,
which may occur on planetary surfaces.

O planet

References
[1] See the NASA’s homepage for the Mars
Science  Laboratory  Program  (ChemCam):

http://mars1.jpl.nasa.gov/msl/mission/sc_instru_ch
emcam.html

[2] See the ESA’s homepage for the AURORA
ExoMars mission:
http://www.esa.int/SPECIALS/Aurora/SEMINVZ
KQAD 0.html

[3] Jessberger, E.K., Rauschenbach, 1., Henkel, H.,
Klinkner, S., Hiibers, H.-W. and Pavlov, S.G., in
the Abstract book of the Int. Workshop ,, Europa
Lander: science goals and experiments *, Moscow,
Space Research Institute, 9-13 Febr. (2009) p. 39:
http://www.iki.rssi.ru/conf/2009elw/presentations
as well as the ESA’s LAPLACE/EJSM Program:
http://astronomy2009.esa.int/science-
e/www/object/index.cfm?fobjectid=42291

[4] Rauschenbach 1., Lazic V., Pavlov S.G.,
Hibers, H.-W., Jessberger E.K. (2008)
Spectrochimica Acta B, 63, 1205-1215.

[5] Pavlov, S.G., Hiibers, H.-W., Preusker, R.,
Rauschenbach, 1. and Jessberger, E. K., in the
Proc. of the ESA European Mars Science and
Exploration Conference: Mars Express & Exo-
Mars, ESTEC, Noordwijk, The Netherlands, 12-16
November (2007) id 2778387.

[6] Hiibers, H.-W., Pavlov, S., Hu3, R., Neumann,
J., Rauschenbach, 1. and Jessberger, E.K., in the
Abstract book of the 5th Int. LIBS Conf., 22-26
Sept. Berlin, Germany (2008) p. 68.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


