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Abstract. Here, we explore the enrichment of Lithium in the Galaxy using a large sample of
stars common among large spectroscopic surveys such as the GALAH and astrometric survey
by the Gaia satellite. For this study we used about 60,000 low mass (M � 2M�) dwarfs from
the GALAH survey. Further, we discuss Li enrichment among giant stars based on a sample
of 52,000 low mass giants, of which 335 are Li-rich with A(Li) � 1.80 ± 0.14 dex, culled from
the GALAH survey. These low mass giants appears to be one of the promising source of Li
enrichment in the Galaxy as their atmospheric Li can be added to the ISM through mass loss.
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1. Introduction

Li is one of the three primordial elements produced in the Big Bang Nucleosynthesis
(BBN), apart from H and He. BBN Models in combination with space experiments such
as Wilkinson Microwave Anisotropy Probe (WMAP) predict primordial Li abundance,
A(Li) = 2.72 ± 0.06 dex (Cyburt et al. 2008). However, observation in metal-poor dwarfs
shows comparatively lower Li, A(Li) = 2.27 ± 0.03 (Lind et al. 2009) On the other
hand present value of Li abundance, as measured in meteorites and in young stars, is
A(Li) = 3.32 dex which is about 10 times higher than the Li found in metal poor dwarfs
and about 3 times higher than the value predicted by BBN models. There are a few
sources that are identified to contribute to Li enhancement in the Galaxy such as cosmic
ray spallation in ISM (Mitler 1972), novae explosions (Tajitsu et al. 2015) and nucleosyn-
thesis in evolved stars. However none of these sources is confirmed to contribute such
high Li throughout the Galaxy. In general, stars are sinks for Li as Li burns at relatively
low temperatures of about 2.5× 106K. Beyond this secular trend, Li is sensitive to
enhanced mixing during first dredge-up which leads to rapid depletion of Li. However, in
particular conditions, evolved stars such as red giant branch (RGB) stars are known to
produce Li in their interiors via Cameron-Fowler mechanism (Cameron & Fowler 1971).
A small fraction (about 1%) of low mass RGB stars are known to have unexpectedly
higher Li abundance (Wallerstein & Sneden 1982). In the next section we discuss
evolution of these giants based on data from large spectroscopic survey and discuss how
these giants can be one of the promising source of Li enrichment in the Galaxy.

2. Results and discussion

To study the evolution of Li in the Galaxy we selected a sample of about 60,000 low
mass (M � 2M�) dwarfs, with reliable stellar parameters (Flagcannon=0) and small error
in Teff (σTeff � 150 k) and parallax (σπ/π � 0.2), from cross-match of the second data
release of the GALAH spectroscopic survey (Buder et al. 2018) and the Gaia astrometric
survey (Gaia Collaboration et al. 2018). Li versus [Fe/H] for these dwarfs is shown in
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Figure 1. a) Li versus [Fe/H] for low-mass dwarfs selected from the GALAH survey. b) HR
diagram showing location of Li-rich giants with the complete RGB sample in the background.

Figure 1a which suggests that Li has evolved in the Galaxy with large enrichment in
the disk compared to the halo. The metal-poor dwarfs ([Fe/H] <−0.8 dex) are having
constant Li of about 2.2 dex but with a very slight increasing trend with increase in
metallicity. This slight but significant increasing trend with [Fe/H] is understood to be
because of the presence of cosmic ray interactions in the early Galaxy (Ryan et al. 2000).
In case of metal-rich dwarfs ([Fe/H] �−0.8 dex), the increase in Li with increase in
[Fe/H] is very rapid. To account for this higher Li a galactic Li enrichment source is
required. The Li enrichment in the low-mass giants appears to be one such source. To
understand the evolution of Li in the low mass giants we selected a sample of about
52,000 low-mass giants (with accurate and reliable stellar parameters) from the cross-
match of the GALAH and Gaia survey, of which 335 giants are Li-rich with A(Li) � 1.8
dex. Distribution of these giants is shown in Figure 1b which suggests that most of the
Li-rich giants are red clump (RC) stars. Also most of the Li-rich giants are metal rich
([Fe/H] >−0.7 dex) and kinematically more prevalent in the thin disk compared to the
thick disk and halo (Deepak & Reddy 2019).

3. Conclusion

Metal-poor dwarfs (with [Fe/H] �−0.8 dex) shows a constant Li abundance of about
2.2 dex, but with a slightly increasing trend which is understood to be because of presence
of cosmic ray interactions in the early Galaxy (Ryan et al. 2000). On the other hand,
Li in the metal-rich dwarfs (with [Fe/H] �−0.8 dex) shows sharp increase of Li with
[Fe/H] suggesting a continuous rapid evolution of Li in the Galaxy. Our study of RGB
giants suggest that most of the Li-rich giants are in He-core burning phase with in-situ
nucleosynthesis as the main source of enrichment. Further studies are needed to find the
fraction of low-mass Li-rich giants evolving to AGB phase before the enriched Li in their
atmosphere depletes. This will further help to find the fractional contribution of low-mass
giants towards the Li enrichment in the Galaxy.
This work has made use of the GALAH survey which includes data acquired through

the Australian Astronomical Observatory. This work has also made use of data from the
European Space Agency (ESA) mission Gaia (https://www.cosmos.esa.int/gaia), pro-
cessed by the Gaia Data Processing and Analysis Consortium (DPAC, https://www.
cosmos.esa.int/web/gaia/dpac/consortium). Funding for the DPAC has been provided by
national institutions, in particular the institutions participating in the Gaia Multilateral
Agreement.

References

Buder, S., Asplund, M., Duong, L., et al. 2018, MNRAS, 478, 4513
Cameron, A. G. W. & Fowler, W. A. 1971, ApJ, 164, 111
Cyburt, R. H., Fields, B. D., & Olive, K. A. 2008, J. Cosmology Astropart. Phys., 2008, 012
Deepak, & Reddy, B. E. 2019, MNRAS, 484, 2000

https://doi.org/10.1017/S1743921319008597 Published online by Cambridge University Press

https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/web/gaia/dpac/consortium
https://www.cosmos.esa.int/web/gaia/dpac/consortium
https://doi.org/10.1017/S1743921319008597


18 Deepak & B. E. Reddy

Gaia Collaboration, Brown, A. G. A., Vallenari, A., Prusti, et al. 2018, A&A, 616, A1
Lind, K., Primas, F., Charbonnel, C., Grundahl, F., & Asplund, M. 2009, A&A, 503, 545
Mitler, H. E. 1972, Ap&SS, 17, 186
Ryan, S. G., Beers, T. C., Olive, K. A., Fields, B. D., & Norris, J. E. 2000, ApJ, 530, L57
Tajitsu, A., Sadakane, K., Naito, H., Arai, A., & Aoki, W. 2015, Nature, 518, 381
Wallerstein, G. & Sneden, C. 1982, ApJ, 255, 577

https://doi.org/10.1017/S1743921319008597 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921319008597

	Lithium enrichment in the Galaxy: A study using the GALAH and Gaia surveys
	Introduction
	Results and discussion
	Conclusion



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 400
  /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 (None)
  /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


