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Use of the JAEA and QST Advanced Characterization Nanotechnology Platforms
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Japan Atomic Energy Agency (JAEA) and the National Institutes for Quantum and Radiological Science and Technology (QST,
established in April 2016), manage two contract beamlines each at SPring-8, and are developing advanced technologies for
synchrotron use. JAEA and QST are entrusted with the MEXT Nanotechnology Platform Program, and also participate in the Advanced
Characterization Nanotechnology Platform Project. JAEA and QST jointly promote the use of apparatuses for the analysis of structure
and electronic states by researchers from universities, companies, and public research organizations. Comprehensive analyses of
crystal structures, their local structures, electronic states, and chemical reactions by using scattering, diffraction and absorption of
synchrotron radiation are supported.
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OF|FAtEEE  Consultation
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Future users of technical R&D in nanotechnology are welcome. Technical consultations with scientists or technicians of JAEA/QST
are available at any time, free of charge. Please refer to the website http://www.kansai.gst.go.jp/nano/ for contact details and the
latest information about the JAEA-QST Advanced Characterization Nanotechnology Platform.

SOBRRFIFAEZDMFIRIZDULNT  Non-proprietary research proposals and others
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Non-proprietary research proposals are assisted as research proposals of the Advanced Characterization Nanotechnology Platform.
Proprietary research proposals and non-R&D proposals can be accepted as internal projects of JAEA or QST.


http://www.kansai.qst.go.jp/nano/
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Calls for proposals are held in May for experiments in the second half of the fiscal year, and in November for the first half of the
following fiscal year. Only one experimental apparatus can be used under a single research proposal. If multiple apparatuses are
necessary, please make an individual research proposal for each apparatus. Please confer with the person in charge of each
experimental apparatus before submitting a proposal form to the relevant secretariat. Urgent research proposals are welcome at
any time. Projects supported by competitively-awarded external funding sources will be given priority when allocating beamtime.
Non-proprietary proposals are reviewed by the JAEA/QST joint proposal review committee.

O MEEDIRE  Report submission
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Users must submit a short report describing the experimental results by the appointed date after the completion of experiments.
Submission of user report in the JAEA format is regarded as submission of “User Report” of Nanotechnology Platform Japan. These
reports are made available to the public during the subsequent fiscal year.
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SPring-8 users who have performed a non-proprietary experiment are required to publish their results in the form of (D a refereed
journal article (including refereed proceedings and dissertations), 2 a SPring-8/SACLA Research Report, refereed by JASRI, or @a
technical journal article approved by JASRI. Publications must be registered in the SPring-8 Publications Database within three
years from the end of the half-year research term during which the experiment was carried out.
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The submission of an "Achievement Release Report” is necessary for JAEA users in addition to section (1). The following activities
are included in the achievement release, original articles, reviews, proceedings, books, industry magazines, domestic and
international meetings, workshops, seminars, symposiums, lecture meetings, debriefing sessions, press releases, patents, and
others. The submission deadline is 2 years after the end of the fiscal year during which the research was conducted.

(3) QSTOHZE . EERMDEHICELFET,

The requirement of QST is satisfied by the registration of articles in the SPring-8 Publications Database, as mentioned in section

(1).
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A handling charge of 10,700 JPY is incurred per proposal. Usage fees are 9,580 JPY per shift (8 hours) for general proposals, and
22,700 JPY per shift for projects supported by competitively-awarded external funding sources as of fiscal 2017. Technical
consultations with scientists and technicians of JAEA or QST are available at any time, free of charge. For the latest information,
please  refer to the website of JAEA-QST Advanced  Characterization  Nanotechnology  Platform
http://www.kansai.qst.go.jp/nano/.
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BT AR IND T —53 I8 E Synchrotron radiation Méssbauer spectroscopy station (QST)
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Synchrotron radiation Méssbauer spectroscopy for nuclides such as °’Fe and Ni can be
performed at this station, providing information on electronic, magnetic, and lattice
vibration states. Local analyses such as studying the composition of the surface layers of
metal films with atomic-layer resolution are enabled by using a grazing-incidence SR beam
and isotopic substituted samples.

Typical application: Exploration of magnetism in metal films at individual atomic layer
resolution.
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XAFS measurements can be performed using high brilliance and high energy X-rays emitted
from an undulator. Time-resolved high speed measurements (Quick-XAFS) are possible. lon
chamber, Nal scintillation, and Ge semiconductor detectors are available, and a cryostat
can be used for low temperature experiments.

Typical application: Analyses of structures and electronic states for functional molecular
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Resonant inelastic X-ray scattering spectroscopy station (QST)
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High energy-resolution is achieved by back reflection from a spherical focusing analyzer
mounted on a 2-m-long arm. Elemental excitation accompanied by momentum transfer in
the bulk is observable. A magnetic field of up to 8 T is available using a superconducting
magnet, and samples can be cooled to temperatures as low as 10 K using a He circulation
refrigerator.

Typical application: Electronic states analysis of Pt catalysts for fuel cells

REXEEEIFET  Surface X-ray diffractometer (QST)
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A surface X-ray diffractometer connected to a molecular beam epitaxy (MIBE) chamber. In-
situ and real-time observation can be performed by X-ray diffraction for studying the
growth processes of semiconductor quantum dots and semiconductor multilayer films. The
growth of As compounds such as GaAs and InAs, semiconductor nitrides such as GaN and
InN using RF-MBE is possible by exchanging two-types of MBE chambers.

Typical application: Real-time analysis of growth processes for semiconductor quantum
dots and semiconductor multilayer films
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EEEETLREEE High-pressure and high-temperature apparatus (QST)
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Samples at pressures of up to 13 GPa and temperatures of up to 2500 K can be investigated using
energy-dispersive X-ray diffraction and radiography using white X-rays, XAFS and angle-resolved X-
ray diffraction using monochromatized X-rays.

Typical application: In-situ observation of formation processes of metal hydrides under high
pressure

IRILX—EEIXAFSEERE Energy-dispersive XAFS measuring station (JAEA)
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In addition to ordinary XAFS measurements using a double crystal monochromator,
energy-dispersive XAFS can be performed using a bent spectroscopic crystal. A 36-element
semiconductor detector is available for fluorescence detection during ordinary XAFS
measurements. Sample temperature is controllable in the range of 20 K to 1073 K. The
control of atmosphere including CO and NO is possible by a gas controlling system. A
quadrupole mass analyzer is available for gas composition analyses.

Typical application: In-situ and real-time observations of catalytic reactions

K BIX$EEIHTET  k-type X-ray diffractometer (JAEA)
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This kappa-type multi-axis diffractometer is designed for surface structure analyses. In
addition to the standard 6 rotation axes, the entire system can be rotated about an axis in
the horizontal plane. Simultaneous measurements of electrochemical characterization is
possible by using for example a potentiostat. Samples can be cooled to temperatures as
low as 10 K using a He circular refrigerator, and heated to up to 1000 K using an electric
furnace.

Typical application: In-situ observation of the surface structural change of a secondary
battery electrode during charging/discharging

BL22XU: JAEAETTERZ I E—LSAY JAEA Actinide Science I Beamline

BeaXHEBRASESETILREE High-pressure and  high-temperature  apparatus  for
monochromatic X-ray experiments (QST)
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X-ray diffraction and density measurements by X-ray absorption can be performed for samples at
pressures of up to 10 GPa and temperatures of up to 2000 K. An attachment is available for in-situ
. and/or time-resolved observation of hydrogenation processes at room temperature and hydrogen
gas pressures of up to 1 MPa by the X-ray diffraction method.

Typical applications: Density measurements of metallic melting under high pressures and high
temperatures. Real-time and in-situ X-ray diffraction measurements of hydrogen absorption
processes in hydrogen storage alloys.




FANXYEURTUEIJLILEIRET  Diamond anvil-cell diffractometer (QST)
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(1)Single crystal and powder X-ray diffraction under high pressure

X-ray diffraction measurements can be performed at high pressure. Temperatures as low as 5 K
can be reached using a He circular refrigerator. The pressure at the sample can be measured
with the ruby fluorescence method using a microscope attached to the diffractometer. A large
imaging plate (400 X400 mm?) is used as a detector. The distance between the sample and the
detector is controllable in the range of 250 mm to 730 mm, allowing large angle data to be
obtained as well as high resolution data.

Typical applications : Intermetallic compounds such as metal hydrides, negative thermal
expansion materials, superconductors, f-electrons compounds, quasicrystals
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(2)Atomic pair-distribution function (PDF) measurements under hydrogen atmosphere and ordinary pressure

X-ray total scattering measurements up to Q=274 are possible by using high energy synchrotron radiation (70 keV) so that a PDF
analysis is also possible with distance correlation up to about 100 A. A large imaging plate is used as a detector. An attachment is
available for in-situ observation of hydrogenation processes at room temperature and hydrogen gas pressures of less than 1 MPa.
Typical applications : Hydrogen storage alloys, negative thermal expansion materials

IR AA—D G BIEEEE  The apparatus for imaging and measuring material stress (JAEA)
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The apparatus for imaging and measuring material stress can image the internal
strain/stress  distribution in metal materials. This apparatus can perform in-situ
measurements by using a high temperature (up to 900 C) and load (up to 5 kN) apparatus.
Using multiple two-dimensional detectors at the same time, this apparatus can perform
time-resolved measurements at 200 Hz for strain and stress measurements and at 2000 Hz
for imaging.

Typical applications : Evaluation of stress, strain, dislocation density in metal materials
under deformation, melt solidification phenomenon observation during laser processing

KEIXEEEHTEE  Large X-ray diffractometer (QST)
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A multi-purpose 4 axis diffractometer. This is used for the observation of electron orbital states
by resonant X-ray scattering, studies on domain structures by the speckle-diffraction method,
diffraction mappings of stress, and distortion distribution. A large sample chamber is also
attachable. A magnetic field of up to 6 T can be applied using a superconducting magnet. The
lower limit of sample temperature is 2 K using a He refrigerator.

Typical applications : Nano-domain observation by the speckle-scattering method using coherent
X-rays, measurements of the 3D distributions of stress/distortion, analyses of orbital order using
resonant X-ray diffraction
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RELFEEREE  Surface chemistry experimental apparatus (JAEA)
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In-situ real-time observation can be performed for adsorption and desorption, oxidation
and reduction at metal and semiconductor surfaces. Surface cleaning is possible in the
surface preparation chamber by using Ar* ion sputtering, and temperature elevation up
to 1450 K. A LEED system is available to observe reconstructed surfaces and AES is
available for studying the chemical composition at the sample surface. Molecular beams
at variable kinetic energy can be irradiated at the sample surface by using a supersonic
molecular beam generator and a gas doser. In addition to synchrotron radiation
photoemission spectroscopy, thermal desorption analyses, STM/AFM, LEED/AES can be
applied to observe surface chemical reaction dynamics.

Typical application : Formation processes of graphene, insulator layers on SiC surfaces

BXEBIBFRINEE  Soft X-ray photoelectron spectrometer (JAEA)
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A photoelectron spectroscopy station designed for angle-resolved photoemission
spectroscopy (ARPES). This station makes it possible to study in detail the electronic
states of various rare earth and 3d transition metal compounds. The energy-resolution
(E/AE>10°%) ranks with the best in the world. Bulk sensitive studies on electronic states
are possible due to the use of soft X-ray synchrotron radiation. In addition, the station
is located in the Rl laboratory of SPring-8 so that unsealed uranium compounds can be
measured. The sample temperature can be controlled between 10 K and room
temperature.

Typical application : Electronic structure studies of high-efficiency thermoelectric
conversion materials

XSS - MRIEERE  Soft X-ray magnetic circular dichroism apparatus (JAEA)
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Information on the magnetic moments of magnetic materials can be obtained element-
selectively by using the total electron yield method in soft X-ray magnetic circular
dichroism (XMCD) measurements. High quality data can be obtained due to the high-
speed switching (1 Hz) of the helicity of the circularly-polarized synchrotron radiation. A
superconducting magnet is used to produce a magnetic field up to 10 T, and samples
can be cooled to a lower limit of 5 K using a He circular refrigerator.

Typical application : Quantitative evaluation of spin and orbital magnetic moments in
highly spin-polarized materials
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JRIZENRTDT IR Access by JR-WEST railroad lines and bus routes

- IUBSETEF IR - LS AR MHAEERAS/NXT405
40 minutes by bus from Aioi Station, JR-WEST San-yo Shinkansen line/JR-WEST San-yo line
- ISR R - LS AR IEERERA /AR TT05)
70 minutes by bus from Himeji Station, JR —~WESTSan-yo Shinkansen line/JR-WEST San-yo line

BETOT IR Access by Car

- BERFEE BEHEICHD 57 5 minutes from Harima-Shingu Exit, Harima Expressway

- IUFFEEEE EFAEICH,HL 205 20 minutes from Tatsuno-Nishi Exit, San-yo Expressway

- hEEEEE ERAICHD 20453 20 minutes from Sayo Exit, Chugoku Expressway
LLIFICH S 409 40 minutes from Yamasaki Exit, Chugoku Expressway

BEWLWEHE I Contact information
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JAEA Advanced Characterization Nanotechnology Platform Secretariat
T679-5148 EER{EAAMERET I T B 1-1
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan
Phone: +81-70-1456-9348, Fax: +81-791-58-2620
E-mail: harima-usersoffice[at]ml.jaea.go.jp
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Website: http://www.kansai.qgst.go.jp/nano/
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“Nanotechnology Platform Japan” is a program sponsored by the ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan.
2017.10



