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By employing photoemission spectroscopy (PES) and soft X-ray absorption spectroscopy (XAS), the electronic structure of the
candidate half-metallic antiferromagnet of Mn;Ga Heusler compound has been investigated. We have studied two ball-milled Mn;Ga
powder samples, one after annealing and the other without annealing, respectively. Based on the Mn 2p XAS study, we have found
that Mn ions are nearly divalent in Mn;Ga and that the Mn ions having the locally octahedral symmetry and those having the locally
tetrahedral symmetry are both present in Mn;Ga. We have found relatively good agreement between the measured valence-band PES
spectrum of Mn;Ga and the calculated density of states, which is in agreement with the half-metallic electronic structure of Mn;Ga.
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Fig. 1. (Color online) The tetragonal L1, crystal structure of the
X,YZ-type Mn;Ga Heusler alloy. Y and Z atoms are disordered on
one site in L1,. The black outline shows the unit cell of L1,
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Fig. 2. (Color online) The survey PES spectra of two Mn;Ga samples
(Annealed and Not-annealed).
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Fig. 3. (Color online) Mn 2p XAS spectra of two Mn;Ga samples
(Annealed and Not-annealed), in comparison with reference Mn
Oxides, such as MnO (Mn?"), MnS (Mn**), Mn,O; (Mn**) and MnO,
Mn*").
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Fig. 4. (Color online) Comparison of the Mn 2p XAS spectrum of
Mn;Ga (not-annealed sample) with the weighted sum of those of
MnO (O,) and MnS (Ty).
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Fig. 5. (Color online) Comparison of the valence-band (VB) PES
spectrum of Mn;Ga (not-annealed sample) and the calculated full-
relativistic DOS for Mn;Ga (adopted from Ref. [18]).

ok

Mn;Gad] A} 72 ARFOZHE[7, 18, 19] Lojzl )
U5 (density of states: DOS)ll oJs}H, 52 o= w2n
TAENA 8 2=3e] EEErt tE 23] HIs) |
T Zo} RIE: g4 AES Hola ot 1y 7t 9
3+ AukAQl TR} EIHPES) Ao 2wEHE i
g ¢ glemg T skl AdRed s §o] &
AE AoF A=, wgebr] 71w (valence-band) PES
2HEZS. FEA yalence-band PES EUS HY AHo=
=) Fig. 55 Mn;Ga®] valence-band PES 2~HEH¥}
BHEH AR ALl 93k DOSE(18] Hlalgt Aol
PES AgoX= =20 F9(Ep) olIE FE SAHEZ
valence-band PES A3 d®|o]E <} vlwslr] $J5le] DOS Al
b Aol A s 2w FLR(E) oFE FER HAS &
Gaussian &= ©]-83}] 2} broadeningd}tt. o] 17|
A& valence-band PES A3 d|o|Hol|A vIgA Hj7A
(inelastic background)S A3kl BlustH =] ofstH
DOS ALt Aijoll= PES #gollA] EAsh= HIEd ujj7do]
¥3tE]o] QJR] 7] wjEo]t}. valence-band PES A3 d|o]
Bl M= wllg- FERTE B Aol o] PES M7 171
He 302 Hol &4 RS Ueille AoE 4%
H}. Fig. 59 A3¥ o]&9] vl Ayolr= AFHolEl}
AR ALt A Aleld)] tia T o] AT HAAR]
Fo] ARSI, Er TAolN 5548 A2 BEEE A
©F Ho} valence-band PES A3 AFp= Alktol]l o)t )
deel A2 fAlsitar Azt webd 5789 MnsGa
9] valence-band PES A3 Ail= H5H W& 554 2k
TZ} SuiElR] erhar AZET



LATE=7> Journal of the Korean Magnetics Society Vol. 26, No. 6, December 2016

v. &4 e

PESS} XAS #3418 ]85} MnsGa«] A 22 A
T3k, o] AFolA ARgE AlEE ball-milled 2 FE)
TR MBS AR

2 At AlEet A 2 F F
o}OEU:} Mn;Ga2] Mn 2p XAS =4E 53] Mn;GaollA
ol YxPPF Mn*" JHIE EAIFS & F AATh
‘:‘:?51 Mn;Ga®] Mn 2p XAS ~HEFS #HA| A4S
7F MnO2] Mn 2p XAS AHEZY} APAA XS 7}
71 MnS9] Mn 2p XAS Z~HEH] 7} 33 vluglos
A, MnsGaollXl 00] 44 i3S 7F Mn o5
T2l =43 thE43S 712 Mn o]&E0°] ¢F 4:19] HlE=Z
Ao A2 ¢ 4 AU Survey PES o7 HE
Mn;Ga AlE7F 2 WEojiSS gRlstaen, 7HaAt
(valence-band) PES Z~HEHo]| 2]l MnyGaZl 35 A
Y= FRISIT. TI2]|al MnyGa®l 7HAIE PES SHEH
S AR ARl o3t W 3454 Y=} thAR
AR ST

HAfel =2

o] A= FEATAITY] 2 PL Ho] F8E 0™ (No.
2016R1D1A1B03932391), HARS £33 AHe ¥371&r]d
Taush vIRHEAR(MSIP)] AL Wk

References

[1] C. Chappert, A. Fert, and F. N. Van Dau, Nature Mater. 6, 813
(2007).

[2] R. A. de Groot, F. M. Mueller, P. G. van Engen, and K. H. J.
Bushchow, Phys. Rev. Lett. 50, 2024 (1983).

[3] B. G. Park, J. Wunderlich, X. Marti, V. Holy, Y. Kurosaki, M.
Yamada, H. Yamamoto, A. Nishide, J. Hayakawa, H. Taka-

- 189 -

hashi, A. B. Shick, and T. Jungwirth, Nature Mater. 10, 347
(2011).

[4] W. E. Pickett, Phys. Rev. Lett. 77, 3185 (1996).

[5] J. H. Park, S. K. Kwon, and B. I. Min, Phys. Rev. B 65,
174401 (2002).

[6] M. S. Park and B. I. Min, Phys. Rev. B 71, 052405 (2005).

[7]1 S. Wurmehl, H. C. Kandpal, G. H. Fecher, and C. Felser, J.
Phys.: Condens. Matter 18, 6171 (2006).

[8] M. Hakimi, M, Venkatesan, K. Rode, K. Ackland, and J. M. D.
Coey, J. Appl. Phys. 113, 17B101 (2013).

[9] S. Hiifner, Photoelectron Spectroscopy, Vol. 82 in Solid State
Sciences, Springer-Verlag, Berlin (1995).

[10] E. M. F. de Groot, J. C. Fuggle, B. T. Thole, and G. A.
Sawatzky, Phys. Rev. B 42, 5459 (1990).

[11] G. van der Laan and I. W. Kirkman, J. Phys.: Condens. Matter
4, 4189 (1992).

[12] B. T. Thole, P. Carra, F. Sette, and G. van der Laan, Phys. Rev.
Lett. 68, 1943 (1992).

[13] C.T. Chen, Y. U. Idzerda, H.-J. Lin, N. V. Smith, G. Meigs, E.
Chaban, G. H. Ho, E. Pellegrin, and F. Sette, Phys. Rev. Lett.
75, 152 (1995).

[14] S. P. Cramer, F. M. F. De Groot, Y. Ma, C. T. Chen, F. Sette,
C. A. Kipke, D. M. Eichhorn, M. K. Chan, and W. H. Arm-
strong, J. Am. Chem. Soc. 113, 7937 (1991).

[15] C. Mitra, Z. Hu, P. Raychaudhuri, S. Wirth, S. I. Csiszar, H. H.
Hsieh, H.-J. Lin, C. T. Chen, and L. H. Tjeng, Phys. Rev. B 67,
092404 (2003).

[16] P. Ghigna, A. Campana, A. Lascialfari, A. Caneschi, D. Gatte-
schi, A. Tagliaferri, and F. Borgatti, Phys. Rev. B. 64, 132413
(2001).

[17] J.-S. Kang, G. Kim, H. J. Lee, D. H. Kim, H. S. Kim, J. H.
Shim, S. Lee, H. Lee, J.-Y. Kim, B. H. Kim, and B. 1. Min,
Phys. Rev. B. 77, 035121 (2008).

[18] B. Balke, G. H. Fecher, J. Winterlik, and C. Felser, Appl. Phys.
Lett. 90, 152504 (2007).

[19] J. Winterlik, B. Balke, G. H. Fecher, C. Felser, M. C. M. Alves,
F. Bernardi, and J. Morals, Phys. Rev. B. 77, 054406 (2008).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


