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Truncated beam Nanobeam 

Prospective utilization 

•Microanalysis 
•Visualization of something other 
than appearance (analytical imaging) 
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1. Microanalysis  
– X-ray focusing optics at BL19LXU/SPring-8 
– Operand XRD measurement on an EDLT device 

2. Visualization of domain structures 
– Polarized X-ray diffractometry 
– Chirality domain structure of CsCuCl3 
– Antiferromagnetic domain structure of Cd2Os2O7 

3. Expectations for the next generation light source 
– Evaluation of L/S by NRXMS: Sr2IrO4 
– Discrimination of spin chirality by NRXMS: DyMnO3 
– Improvement in the photon flux density 
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X-ray focusing optics in BL19LXU/SPring-8 

H. Yumoto, H.O et al., AIP Conf. Proc. 1365, 200 (2011). 
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X-ray nanobeam available at BL19LXU/SPring-8 

KB mirror optics 

BL19LXU/SPring-8 
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Operand XRD measurement on an EDLT device 

D. Okuyama, H.O et al., APL104, 023507 (2014). 

XRD patterns of the 002 reflection 

VO2 – electric-double layer transistor 
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Matrix representation of polarization 

Electric field 
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Manipulation of X-ray polarization 
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Manipulation of X-ray polarization 

X-ray 

Inclined linear polarization (P45
2+PL
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Transformation into arbitrary polarization 
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Beamline:  BL19LXU/SPring-8 
X-ray energy:  Cu K-edge 
Phase Plate: C(001) t=1.0mm 
X-ray detector:  AMPTEK  XR100-CR (Si-PIN) 
Sample cooling: Closed-cycle He gas refrigerator  

Experimental detail 

Six-circle diffractometer 

X-ray phase retarder 

SR 

SR 
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polarization 

Right-handed 
Circular Polarization 

Phase plate 



Discrimination of enantiomorph crystals 
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CsCuCl3 
Asymmetrical superlattice reflection intensity 

Y. Kousaka, H.O et al., JPSJ 78, 123601 (2009). 



Flipping ratio (measure of handedness) 

Flipping Ratio 
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KB mirrors optics installed at BL39XU 

Optics hutch 

XPR 

KB mirrors 

Diffractometer 

Experimental detail 

Focusing intensity profiles 

Horizontal 
2.70(4) µm 

Vertical 
2.76(4) µm 

BL39XU/SPring-8 
・X-ray (Cu K-edge) 
・Detector (SDD) 
・Pc≈±0.993 (simulation) 
・Beam size @ sample position 



Chirality domain structure on the (001) surface 
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Pitch:  10 µm 
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Penetration depth depends on photon energy 

Depth profiling by controlling X-ray penetration 

Observed Images depend on photon energy 

Raster Image + Depth profile = 3D Image 



3D imaging of chirality domain structure 

Morphological features 
 In-plane：several tens of microns 
 Out-of-plane：few microns 

Reconstructed 3D Image 

Observed Images depend on photon energy 

H. Ohsumi et al., Angew. Chem. Int. Ed 52, 8718 (2013). 
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Determined magnetic structure of Cd2Os2O7 

J. Yamaura, H.O et al.: PRL 108, 247205 (2012). 

Spectra of the 006 reflection intensity 

T dependence of the 006 reflection intensity 

qm = 0 

Os5+ (5d3) 

Pyrochlore lattice of Os 
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Circularly polarized X-rays distinguish between AIAO and AOAI 

All-In/All-Out 

OsO6 
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Magnetic domain structure on the (001) surface 

1 mm 

Cd2Os2O7 All-in/All-out 

All-out/All-in 

All-in 

All-out 

60x150µm2 

T = 100 K 

S. Tardif, H.O et al., PRL 114,147205 (2015). 



Magnetic domain structure on the other facets 

1 mm 

Cd2Os2O7 

S. Tardif, H.O et al., PRL 114,147205 (2015). 



Identification of magnetic domain walls 
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µeff = 1.73 µB 

Relativistic Mott insulator Sr2IrO4 

Energy profiles of Resonance Peaks 

B. J. Kim, H.O et al., Science 323, 1329 (2009). 
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Evaluation of L/S by non-resonant X-ray magnetic scattering 

S. Fujiyama, H. O et al., PRL 112, 016405 (2014). 
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Multiferroic material DyMnO3 

T. Kimura et al., PRB 71, 224425 (2005). 

Temperature dependence of polarization. 

Si Si+1 Si+2 Si+3Si-1Si-2

Si × Si+1

Si

Si+1

Magnetic structure having vector spin chirality 

Cycloidal spin arrangement 

Spontaneous activation of 
Dzyaloshinskii-Moriya interaction 
in order to reduce total energy. 

( )21 SSD ×⋅=DMH

D = 0 
centrosymmetric 
non-polar 

D ≠ 0 
non-centrosymmetric 
local polarization 

Violation of inversion symmetry 

Spin-chirality driven ferroelectrics 



Discrimination of vector spin chirality by NRXMS 
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The flux density will increase three orders of magnitude  

BL19LXU/SPring-8 

SPring-8-II (Conceptual Design Report) 

1000(H) x 450(V) mm2  

Focal Point 
  100(H) x 100(V) nm2  
  3.7 x 1010 photons/s 

70000 mm 260 mm 200 mm 

Secondary Light Source 
64 m from ID Focusing Mirrors 

35(H) x 15(V) µm2  

56.5(H) x 13.2(V) mm2  

Focal Point 
  230(H) x 150(V) nm2  
  5.0 x 1013 photons/s 

75000 mm 450 mm 300 mm 

Light Source 
Focusing Mirrors 



Future prospects 

Polarized nanobeam X-ray diffraction techniques offer 

new opportunities to investigate  

hierarchical structures in real materials.  

 

One of the most promising applications is 

the visualization of spatial variation of order parameters. 

 

 A thousand times more intense X-ray nanobeam allows  

the visualization of order parameters using NRXMS.  



High-resolution scanning X-ray microscope 

3.7×1010 photons/s @ 100×100 nm2 

BL19LXU/SPring-8 
He flow N2 flow 

Cold gas exhaust 

For LT experiments 

Sample 

KB mirror optics and diffractometer 

100 µm 


	顕微計測が実現する�マルチスケール構造物性研究
	Microscopy
	X-ray nanobeam applications
	Outline
	Collaborators
	X-ray focusing optics in BL19LXU/SPring-8
	X-ray nanobeam available at BL19LXU/SPring-8
	Operand XRD measurement on an EDLT device
	Outline
	Matrix representation of polarization
	Electron motion induced by X-rays
	X-ray cross section
	Manipulation of X-ray polarization
	Manipulation of X-ray polarization
	Outline
	Remarkable potential of chiral magnets
	Neat procedure for enantiopure crystal growth
	No neat procedure or observation technique
	Chiral magnet CsCuCl3
	スライド番号 20
	Experimental detail
	Discrimination of enantiomorph crystals
	Flipping ratio (measure of handedness)
	Experimental detail
	Chirality domain structure on the (001) surface
	スライド番号 26
	スライド番号 27
	Outline
	5d transition metal oxide Cd2Os2O7
	Metal-insulator transition with Néel order
	Determined magnetic structure of Cd2Os2O7
	Circularly polarized X-rays distinguish between AIAO and AOAI
	Magnetic domain structure on the (001) surface
	Magnetic domain structure on the other facets
	Identification of magnetic domain walls
	Structural feature of the domain wall 
	Outline
	Relativistic Mott insulator Sr2IrO4
	Evaluation of L/S by non-resonant X-ray magnetic scattering
	Multiferroic material DyMnO3
	Discrimination of vector spin chirality by NRXMS
	Discrimination of vector spin chirality by NRXMS
	The flux density will increase three orders of magnitude 
	Future prospects
	Thank you for your kind attention.
	High-resolution scanning X-ray microscope


<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


