BL23SU JAERI Actinide Science 1

BL23SU is a soft X-ray undulator beamline of Japan Atomic Energy Research Institute (JAERI). It has been constructed for a
wide variety of scientific research areas, surface chemistry, biophysical spectroscopy and solid state physics. The experimental
stations are located at the experimental hall and the RI building.

Area of research

Surface chemistry with supersonic molecular beam
Biophysical spectroscopy

Photoelectron spectroscopy (activity at RI laboratory)
Magnetic circular dichroism (activity at RI laboratory)

Keywords

Scientific field

Surface chemistry, Chemical reaction dynamics, Real-time in-situ photoemission spectroscopy (Station 1)

DNA damages, Transient radical species, Photon stimulated desorbed ions (Station 2)

Photoelectron spectroscopy, Strongly-correlated electron system, Uranium compounds (Station 3)

MCD, XAS, Strongly correlated electron system, Magnetic property (Station 4)

Equipment

Supersonic molecular beam, 64ch electron energy analyzer, Quadruple mass analyzer, LEED/AES, STM/AFM (Station 1)
EPR, QMS (Station 2)

Schematic view of beamline and monochromator
system

The main optics is a varied - line - spacing plane grating type
(VLSPG) monochromator. This consists of an entrance slit,
spherical mirrors, varied-line-spacing plane gratings, an exit
slit, a post-focusing mirror, and refocusing toroidal mirrors.
The soft X-rays are guided over 120 m from the undulator,
crossing the two areas (experimental hall and RI hall).

Source and optics

Light source

A double-array variable undulator, so-called APPLE-2
(advanced planar polarized light emitter) or Sasaki-type
which produces both linearly and circularly polarized soft
X-rays is used as a light source. BL23SU covers the energy
range of approximately 0.5~15 keV in the circular
polarization mode. The magnetic period length is 120 mm
and the number of periods is 16. ID23 can generate a linearly
(horizontal and vertical plane), an elliptically or a circularly
polarized radiation by phase shift. The first harmonic
(fundamental) radiation covers the energy region from 0.5 to
3 keV in the circular polarization mode and the energy region

Undulator period 120 mm

Number of periods 16

Tunable energy range 0.5~ 1.5keV
(Circular polarization)

] _ e Brilliance 3 x 10" ph/simrad®mm?/0.1% b.w.
from 0.28 to 3 keV in the linear polarization mode. The most . o
. i o at 1 keV (Circular polarization,
unique performance of the undulator is the switching of
photon energy)

right-circular-polarization(RCP) and left-circular-polarization
(LCP) radiation by periodic phase shift of the magnet rows.

g i o ) X-rays at sample
The highest mechanical switching rate is at the frequency up

005 H Energy resolution E/AE > 10000
085 hz. Photon flux 10™ ph/s/0.02% b.w.
Beam size 2 mm x 1 mm (Experimental hall)

< ¢ 200 um (RI laboratory)
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Fig.1 The magnetic structure of the APPLE Il consists of two pairs of arrays of permanent
magnets.
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Distance from the source
40m Cylindrical mirror (Mv) Vertical focusing at the entrance slit
425m Cylindrical mirror (Mh) Deflection and horizontal focusing
50m Entrance slit (S1)
60.1m Spherical mirror (M1, M2)
61.91m Constant deviation monochromator with Monochromatizarion
varied-space plane gratings (VLSPG)
7191m Exit slit (S2)
7391m Cylindrical mirror (M3) Post focus
114 m Troidal mirror (M4) Refocus

Experimental stations

synchrotron radiation (SR) monitor chamber, and the

supersonic molecular beam (SSMB) generator.

1. Surface chemistry experimental station

The surface chemistry experimental station was designed to
study chemical reaction dynamics at surfaces and was
installed in the experimental hall of the storage ring building.
The apparatus consists of 6 vacuum chambers; the load lock
chamber, the surface preparation chamber, the scanning
probe microscope (SPM) chamber, the reaction chamber, the
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cleaning can be performed in the surface preparation
chamber using an Ar-ion sputtering gun and sample
annealing up to 1450 K. Reconstructed structures and
chemical components at surfaces are observable by
low-energy electron diffraction (LEED) and Auger electron
spectroscopy (AES) techniques. A gas doser with a W



filament and a variable leak valve is used for adsorption of
atoms and molecules with thermal energy. A scanning
tunneling microscope (STM) and an atomic force
microscope (AFM) are available at room temperature in the
SPM chamber using an Omicron UHV-SPM apparatus.  In
the reaction chamber, the SSMB and the monochromatic SR
beam can be irradiated simultaneously at a sample surface so
that real-time in-situ photoemission spectroscopy can be
performed in a temperature range of 150 K to 1450 K using
an Omicron EA125 electron energy analyzer with 5
channeltrons or 64 channel detectors.  Scattered and
desorbed species from the sample are also detected by a
differentially-pumped quadruple mass analyzer (Q-mass)
using reactive molecular beam scattering (RMBS) techniques.
This Q-mass is also used in temperature-programmed
desorption (TPD) measurements.  An Ar-ion sputtering gun,
an Al/Mg twin-anode X-ray source and a gas doser with a
variable leak valve are also available in the reaction chamber.
The SR monitor chamber is used for absolute and relative SR
intensity measurements with an Au-coated W mesh and an
IRD photodiode, SR intensity attenuation with Al filters, and
SR beam shaping with XY-slits. The chamber plays a role
of differential pumping to prevent gas diffusion into the
beamline. Gas dose with thermal and hyperthermal energy
and measurements of fast XPS, TPD, RMBS, STM/AFM,
LEED/AES are available in this experimental station.

Supersonic molecular
beam generator

b
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Fig. 2. A photograph of the surface reaction analysis
apparatus (SUREAC2000)
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2. Biophysical spectroscopy

The Biophysical Spectroscopy Station at the BL23SU
focuses on the wvarious photochemical processes on
biomolecules caused by soft X-ray excitation from the
viewpoint of radiation damage to DNA. The station consists
of two experimental apparatuses, an X-band EPR
(SLEEPRS: Synchrotron Light Excited EPR Spectrometer)
(Fig4) and a quadruple mass spectrometer (QMS).
SLEEPRS enable us to investigate transient radical species at
the DNA damage site “in situ” for the first time. The photon
stimulated desorbed ions from the irradiated DNA are
pursued by the QMS. These unique spectrometers will
identify the physicochemical pathways to DNA base
damages and strand breaks, which are thought to induce
genetic effects such as mutation and cancer.

The monochromatic synchrotron radiation and supersonic
molecular beams can be irradiated to the sample surface
simultaneously so that real-time in-situ photoemission
spectroscopy and surface reaction dynamics studies can be
performed in this experimental station.
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Fig. 4 Schematic illustration of SLEEPRS

The vacuum chamber is mounted in the magnet gap of
about 150 mm (see top view). The chamber is connected to
the beamline vacuum pipe at both the front- and back-end.
These devices can be removed from the beamline along the
guide for off-line experiments or maintenance.

3. Photoelectron spectroscopy

The photoelectron spectroscopy station at BL23SU is
designed for the study on the electronic structure of
strongly-correlated electron materials. The spectrometer is
equipped with a high-energy-resolution electron energy
analyzer (SES-2002), and the soft X-rays from BL23SU
make it possible to perform the resonant photoemission
experiments on various f- and d- based compounds. In
addition, the spectrometer is set in the RI hot sample area of
SPring-8, where the unsealed uranium compounds can be
measured. The sample temperature can be controlled within
the range of 10 K ~ RT.
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Maln Chamber
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Fig. 5. The schematic lllustration and the photograph
of the photoelectron spectroscopy station. The station
is set at the Rl laboratory building of SPring-8.

4. MCD station

Magnetic circular dichroism (MCD) Station at the BL23SU
focuses on the study of the electronic structures which are
related with the magnetic properties of strongly correlated
electron systems. MCD in the core-level soft X-ray
absorption spectroscopy is a powerful method to obtain
information about the magnetic moments on each atom that
composes the measured sample. Main character of the MCD
measuring system (Fig. 6) is a superconducting magnet,
which produces fields of up to 10 T. MCD study of
paramagnetic and/or anti-ferromagnetic samples can be done
by using this system, which generates a strong magnetic field
enough to induce finite magnetization. Since the magnet coil
is made of a NbTi wire, switching of the field direction can
be easily made. MCD measurement can be done by changing
the phase of the circularly polarized light at ~ 0.1 Hz as well
as by turning the direction of the magnetic field.
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Schematic illustrations of MCD measuring system

Fig. 6. This system is composed of a 10-T superconducting
magnet and a sample preparation chamber. Temperature of

the sample is controlled from room temperature to 10 K.
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Contact information

Akitaka YOSHIGOE

SPring-8 / JAERI

1-1-1 Kouto, Mikazuki-cho, Sayo-gun, Hyogo 679-5148
Phone : +81-(0)791-58-2701

Fax : +81-(0)791-58-2740

e-mail ; yoshigoe@spring8.or.jp

Shin-ichi FUIIMORI

SPring-8 / JAERI

1-1-1 Kouto, Mikazuki-cho, Sayo-gun, Hyogo 679-5148
Phone : +81-(0)791-58-2701

Fax : +81-(0)791-58-2740

e-mail : fujimori@spring8.or.jp

Contact persons for the each experimental station:
e Surface Chemistry Experimental Station

Yuden TERAOKA

SPring-8 / JAERI

1-1-1 Kouto, Mikazuki-cho, Sayo-gun, Hyogo 679-5148
Phone : +81-(0)791-58-2701

Fax : +81-(0)791-58-2740

e-mail ; yteraoka@spring8.or.jp

e Biophysical Spectroscopy Station

Akinari YOKOYA

SPring-8 / JAERI

1-1-1 Kouto, Mikazuki-cho, Sayo-gun, Hyogo 679-5148
Phone : +81-(0)791-58-2701

Fax : +81-(0)791-58-2740

e-mail : yokoya@spring8.or.jp

e Photoelectron spectroscopy and MCD station
Yasuji MURAMATSU

SPring-8 / JAERI

1-1-1 Kouto, Mikazuki-cho, Sayo-gun, Hyogo 679-5148
Phone : +81-(0)791-58-2701

Fax : +81-(0)791-58-2740

e-mail : murama@spring8.or.jp


mailto:yoshigoe@spring8.or.jp
mailto:fujimori@spring8.or.jp
mailto:yteraoka@spring8.or.jp
mailto:yokoya@spring8.or.jp





<<
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Century
    /MS-Mincho
    /MS-PGothic
    /MS-PGothic-90ms-RKSJ-H
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF0042004c00480061006e00640062006f006f006b00320030003000335c027528005000440046590963db5f625f0f>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 790.866]
>> setpagedevice


