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Abstract

In the superconducting Sr,VO;FeAs, containing bimetallic layers, with maximum T.= 46 K correlation effects on V ions have been
investigated using LDA+U method. Within the local density approximation (LDA) this system has the one-third filled t,, manifold of V,
decomposed into d,, of bandwidth W=2 eV and nearly degenerate d,d,, of W=1 eV. Consideration of correlation effects leads to a
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metal-insulator transition on V ions 1‘22 - d at the critical on-site Coulomb repulsion U= 3.5 eV. At U=4 eV, the electronic

structure, in which V ions are insulating, leads to several van Hove singularities near Er and similar Fermiology with other pnictides.
Applying U to V ions results in increasing Fe moment as well as V moment, indicating somewhat hybridization between Fe and V ions even

though this system is strongly 2-dimesional. Our results show possible importance of correlation effects on this system.
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Fig. 1. Crystal structure of Sr,VO;FeAs, having the
tetragonal unit cell (space group: P4/nmm). Between FeAs
layers, there are two perovskite-like Sr,VO; layers. Fe
atoms sit at 2a sites; V, Sr, and As do at 2c sites; O atoms
sit at 2¢ and 4f sites [6].
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Fig. 2. Effects of correlation on orbital-projected densities
of states (DOSs) of V tp, states. At U=3.5 eV, a
metal-insulator transition (MIT) occurs.
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Fig. 3. Band structure of FM states at U=4 eV. The dashed
and solid lines represent the minority and majority states,
respectively. The V majority d,,d,, bands lie on the range
of -1 eV to -0.4 eV and V d,, band exists above 0.2 eV.
The dashed horizontal line denotes the Fermi energy, set to
Zero.
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Fig. 4. Densities of states in FM states at U=4 eV. The
vertical dashed line indicates Ep.

X t}E Fe-pnictidesol| 4] #ZH
S & 4 Ut} Minority ©lYA] W=
o= = Mg A7]9 9% X
pocket 27 & THETE o] &2 (110) W&k
Aok RS zku Qlth. Majority oY A]
rs 422 3+ 3719 = pocket®}t M-
< webA] 2 AL pocket dUHE wRET
5 TAHO=Z = pocketol WA, sty

5ol —(Zj ofth. e F A mxd

¢

4
BN
<
=
r

ar
(o}
0,
ﬁmlo
f 2L ofN
(T~ 2 rfr o O o oot

1

(

o

)

AV

AaEI7t ndE oy o o2& o]&d}
of, v ol2e Auasts A7s3ith U35V

oM v ooleol A il —»dldl = wmanws)
dol7b HAEE S dESt. vel wE
A7) BHlES] Mshe= 22k FRddE et
I FAIS 4 ¢lS HE9] Fe-V mixing®] EA)
e etk ¥mAl Vv ool F& zta e
U=4 eVolA o] oA o] F-%+= Y& pnictides
F H 21 Wel F-xE Ho]il, minority
w= HE2u oA ZAjelA ¥k &

o
=)
M
ok



50 K.-W. Lee

Soldes et w2le Ay o] =2elA
Faadte] el i ThedE B3
aL, o2 W3 ikl AdM = 2 F=2 A
oMo 8% S 22 Aol ayEy

Acknowledgments

We acknowledge W. E. Pickett for useful
discussion on correlation effects. This research was
supported by Basic Science Research Program
through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science,
and Technology under Grant No. 2010-0008779.

References

[1] Y. Kamihara, T. Watanabe, M. Hirano, and H. Hosono,
J. Am. Chem. Soc. 139, 3296 (2008).

[2] For a recent review, see J. Paglione and R. L. Greene,
Nature Phys. 6, 645 (2010).

[3] K.-W. Lee and W. E. Pickett, Europhys. Lett. 89,
57008 (2010).

[4] S. V. Borisenko et al., Phys. Rev. Lett. 105, 067002
(2010).

[5] H. Ogino et al., Supercond. Sci. Techol. 22, 075008
(2009).

[6] X. Zhu, F. Han, G. Mu, P. Cheng, B. Shen, B. Zeng,
and H.-H. Wen, Phys. Rev. B 79, 220512(R) (2009).

[7] M. Tegel et al,, Z. Anorg. Allg. Chem. 635, 2242
(2009).

[8] S. Sato et al., Supercond. Sci. Technol. 23, 045001
(2010).

[9] H. Ogino, Y. Shimizu, K. Ushiyama, N. Kawaguchi, K.
Kishio, and J. Shimoyama, Appl. Phys. Express 3,
063103 (2010).

[10]
[11]

[12]

[19]

[20]
[21]

(22]

(23]

[24]

(23]

[26]

(27]

[28]

Y. L. Xie et al., Europhys. Lett. 86, 57007 (2009).

H. Kotegawa et al., J. Phys. Soc. Jpn. 78, 123707
(2009).

F. Han, X. Zhu, G. Mu, P. Cheng, B. Shen, B. Zeng,
and H.-H. Wen, Sci. China Ser. G 53, 1202 (2010).

I. I. Mazin, Phys. Rev. B 81, 020507(R) (2010).

M. Tegel et al., arXiv:1008.2687 (unpublished).

G. Gao et al., arXiv:1007.3980 (unpublished).

T. Qian et al., arXiv:1008.4905 (unpublished).

H.-H. Wen, X. Zhu, F. Han, G. Mu, P. Cheng, B.
Shen, and B. Zeng, Physica C (in press).

G. Wang, M. Zhang, L. Zheng, and Z. Yang, Phys.
Rev. B 80, 184501 (2009).

I. R. Shein and A. L. Ivanovskii, J. Supercond. Nov.
Magn. 22, 613 (2009).

V. 1. Anisimov et al., Phys. Rev. B 48, 16929 (1993).
M. T. Czyzyk and G. A. Sawatzky, Phys. Rev. B 49,
14211 (1994).

It has been widely accepted that the effects of
correlation on Fe ions in Fe-pnictides are weak or
negligible, though there are still some disputations.

K. Koepernik and H. Eschrig, Phys. Rev. B 59, 1743
(1999).

K.-W. Lee and W. E. Pickett, (unpublished); In our
calculations, the ground state has the stripe AFM Fe
layers and half-metallic FM V layers, which was not
studied in the other theoretical calculations.

The fixed spin moment calculations show that the
total energy is nearly insensitive to Fe moment

roughly in the range of -0.4 to 0.4 1/ .[24]

K. Bouadim, G. G. Batrouni, and R. T. Scalettar,
Phys. Rev. Lett. 102, 226402 (2009).

V. Pardo and W. E. Pickett, Phys. Rev. Lett. 102,
166803 (2009).

S. Biermann, A. Poteryaev, A. 1. Lichtenstein, and A.
Georges, Phys. Rev. Lett. 94, 026404 (2005).




<<
  /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


