Al BLO1B1, BL14B2, BL32B2

iy Production XAFS Keywords: Versatile XAFS, Automated XAFS, Local
Features structure, Chemical state, Operando

6(- ray absorption fine structure (XAFS) measures electronic states and the local atomic structure of
matter. It is applicable to crystalline and amorphous materials, and has element selectivity that allows
analyses of materials with many different elements. In -situ measurements of reactions is also
possible. Automated systems for sequential measurements use robots for pellet fabrication. Our setup
is designed for safe and easy handling of reaction gases and heating cells for operando measurements

\in catalytic chemistry. /
AExamples
Reaction gas feeder and in - situ Structural analysis of high -entropy alloy Pellet -fabrication robot for
analysis of catalysts nanoparticles using element selectivity XAFS measurement
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ATowards SPring-8-II

The photon density at the sample position will be increased by a factor of 10 by improving

beamline optics. A high -count -rate fluorescence detector and a digital signal processor will

be installed to realize XAFS measurements of low -concentration samples in a much shorter

time in collaboration with data science researches. 1




A2 X-ray emission spectroscopy/HERFD -XAFS/ BL39XU, BL36XU, BL12XU

X-rav Raman scatterin Keywords: High -sensitivity chemical state analysis, Trace
AFeatures y J element analysis, X -ray Raman scattering, RIXS

/" Our X-ray emission spectroscopy (XES) systems enables observation of fluorescent X-rays\
allowing practical high-energy resolution fluorescence detected (HERFD) XAFS, which can
observe spectral fine structures and trace elements beyond the limits of conventional XAFS.
This captures tiny changes in chemical states (local structures, bonding states, valence,
etc.) of specific elements, used in a variety of fields, condensed matter physics, catalytic

\_chemistry, and geo-environmental science.

AExamples .. » _ N _ Valence state analysis of dilute Eu by
P High -sensitive X -ray Spin transition under high pressure HERFD - XAFS
emission spectrometer f ‘ . . 2 \
o, 2073(8) A @ g :Tﬁ:&:\ % E CE {4 B
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7aed R i)'(b) ,// 1 - R K R. Konagaya, etal., Chem. Lett. 50, 1570 (2021). /
- - o, . ¥ ] -
14 GPa (EAEY) ! o ”E’nergly“(kev)ws Sl / - Li Keedg: Hal’d
Observation of Co 3d state under high : Wy
pressure
z Verification of pressure -induced
N Up to 15 crystal can be mounted épin crossover P
N Analyzer CryStaIS are placed in-a Tsujimoto, etal., Sci. Rep. 6, 36253 (2016).
vacuum chamber

ATowards SPring-8-II X-ray Raman scattering

Improvement  of spectral acquisition technology with high energy resolution and sensitivity
will allow chemical state analysis of ultra -trace elements and observation of their electronic
states. Our method will contribute to discovery of rare metal resources and development of
next -generation  functional materials using materials informatics through ultra -high
throughput measurements with ultra -high sensitivity . S




A3

AFeatures

XAFS-CT

BL36XU, BL37XU, BL39XU, BL29XU

Keywords: Operando, Chemical state, Projection type,
Imaging type, High

-speed scanning type

ﬁhe Ccombination of X-ray imaging with XAFS or X-ray fluorescence visualizes 2D/3D distributions oﬁ

elements and their chemical
catalytic

states (local structures,
research and environmental
extensively used to shorten the measurement
enabled high-speed scanning commonly with fluorescence detectors with high -sensitivity and high count
rate . Optical systems with variable magnification/reduction

science. Projection and

time . Recently,

scale imaging and observations of trace elements .

bonding states),
imaging
development

rates have been developed,

and is widely used in fuel cell

measurements have been

leading to multi -

of on-the fly scanning has

AExamples
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N Prolectlon CT with high speed and wide
field of view

N High-resolution imaging CT
z High magnification with high efficiency

ATowards SPring-8-II

Visualization of electrode reactions in
thin -film all solid state batteries

/ Pt
LCO

Full-field imaging
microspectrometer

Spm
of chemical
[XMXAFS. states in the cathode and

Chemical state imagi g of cathode Operando Visualization

Bl anode layers

¥

Thin-film lype
AII olid-state

s .,,.,,(D@

N. Ishlguro, etal.,

Chemical state imaging of anode

Charge  Dische

ACS Appl. Energy Mater. 6, 8306 (2023).

during
charging and discharging
in the same field of view

J

3D visualization of the degradation
progression of storage batteries

— A

When/where/how
occurs in electrodes

Y. Kimura, etal., Small Methods, (2023).
DOIK 10.1002/smtd.202300310

Full-field projection
microspectrometer

degradatio

n

/

Improvement

of XAFS imaging for higher spatial resolution,

higher throughput, and multi

scale observation will realize highly efficient measurements of spatial distributions and time

variation of elements and chemical
materials by elucidation of mechanisms of chemical reactions . Collaboration with

functional

states. This will

contribute

to development of higher

data -driven science will further develop 2D/3D spatial morphology and its kinetics .

™
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BL37XU BL39XU BL29XU

A4 | X-ray fluorescence, XMCD imaging

Keywords: Chemical state, Microstructure,

AFeatures Element distribution

/X-ray fluorescence imaging, in which X-rays are focused to a small size are scanned on a sample and\
fluorescent X-rays are generated, can target a variety of elements and visualize element distributions
and chemical states with 100nm resolution . Imaging X-ray fluorescence microscopes using chromatic
aberration -free mirror optics have been developed . X-ray magnetic circular dichroism (XMCD) imaging
measurement methods are available, enabling scanning microscopy and CT-based 2D/3D magnetic

\domain structure observation .

N

A Exam p|es X-ray fluorescence Visualization of quantification of anticancer 3D visualization of ~ Skirmion
imaging system drug distribution in human tumor tissues string by XMCD __-CT
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o imaging system
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ATowards SPring-8-II

Innovations in focusing/imaging optics and detectors will realize high throughput imaging measurements, )
leading to correlation analysis of microstructures of materials . Operando/in -situ measurements  of
batteries, catalysts, magnetic materials, and biological samples will be available. Combining this with

material informatics using databases and supercomputers will contribute to development of highly
functional materials and even environmental problems . V.

R. Koba et. al., Int. J. Cancer




A5 BL36XU
A FaSt XAFS Keywords: QXAFS, Complex measurement,
Features Chemical state, Operando

ﬁ-ray absorption fine structure (XAFS) needs scanning X-ray energy and takes a long time
to complete element -selective measurements of chemical states and local structures . Our
system has a compact spectrometer that enables millisecond -order fast XAFS (QXASF)
used for tracking catalytic reactions of fuel cells. QXASF combined with X-ray diffraction
(XRD) and projective imaging measures time dependence of 2D/3D distributions of

\_chemical states . -

A XAES ¢ Observation of oxygen Spatial distribution of oxygen absorption
Examples Q meastremen desorption reaction processes and release reaction of catalyst particles
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ATowards SPring-8-I|

QXAFS measurements will be 100 times faster (order of microseconds) with higher
precision spectral measurements . This will realize tracking of high-speed evolution of
chemical reactions and local structures, acquiring multi -dimensional data, and establishing
database for reaction mechanisms through collaboration with data science technology sucn
as Bayesian statistics and Al,




1 ] Production HAXPES PLOSXU, BLABXY

A Keywords: Electronic state, Chemical state, Resonate HAXPES 3D
Features space-resolved measurement, Automated HAXPES
[y Hard X -ray photoemission spectroscopy (HAXPES) non  -destructively analyzes electronic states from the )
sample surface to the bulk (several tens of nm), and enables precise investigation of chemical bonding
and electronic states in the bulk and buried interfaces. Our system has elements/orbital -selective
methods called resonant HAXPES, which uses resonant excitation at the absorption edge, and 3D space -

\resolved analysis using focused X -ray beams and angular -resolved measurements.
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AExamples
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T. Hosaka et al., J. Mater. Chem. A, 8, 23766 E. Ikenaga et al., Synchrotron Radiat. News 5 ‘
(2020). 31, 10 (2018). \

ATowards SPring-8-II

pgrading the focUsing optics will enable electronic -state mapping of practical materials
with high spatial resolution. Efficient analysis of multidimensional spectral data from
continuous measurements will become possible, including 3D space -resolved
measurements, energy scanning. Advanced analysis in a remote environment will be

. . 6
erformed.in real time
N\II TNT T T INO\A ' T N\ CAT CIT TN




B2

AFeatures

BLO9XU, BL46XU

Atmospheric pressure

Atmos P here control HAXPES Keywords: Electronic state, Operando,

Our hard X -ray photoemission spectroscopy (HAXPES) system has an atmosphere -
controlled equipment for analyzing the electronic structures of samples under atmospheric
pressure and specific atmospheres. This enables operando experiments under reactive
conditions and electronic structure analysis of absorbed species.

AExamples

Reaction mechanism of Pt catalysts

for fuel cells atmospheric pressure
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ATowards SPring-8-1I
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High -precision HASPES in -situ and under operando conditions will enable measurements of
devices and under gaseous atmosphere.




C1l

AFeatures

High resolution Compton scattering

BLOBW

Keywords: Electron orbital states, Fermi surface

batteries, for example, have

KEIectronic orbitals and Fermi surface are important

for material properties. Lithium

-ion

the redox properties determined by the electronic orbitals that

transfer electrons, while superconducting transitions, electric conduction and alloy
regularization are affected by the shape of Fermi surfaces. High
scattering can visualize electron orbitals and Fermi surfaces, and extract related physical
Qbservables by measuring the electron density distribution in momentum space.

-resolution Compton

~

AExamples
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\ Nature594, 213(2021)
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/

A Towards SPring -8-Il

Measurement under electromagnetic
fields and variable temperature
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In situ measurement under
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"

ﬁ:ermi surface and electronic
coherent length of random alloys
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Phys. Rev. Lett124, 046402 (2020)

High -resolution Compton scattering can measure bulk electronic states without interrupted
by surface conditions. This method will promote fundamental understanding of the

mechanism of high
neutral materials.

-capacity Li ion batteries, and contribute to the development of carbon




C1 Magnetic Compton Scattering BLO8
AFeatures Keywords: Magnetic material , Magnetic property
fMagnetic materials are important components in industry including development of electric N
vehicles. The magnetism has its origin in quantum phenomena, but it is difficult to
evaluate on a microscale because most experimental methods can only extract total
magnetization. To measure physical observables directly related to the electronic
\wavefunctions by spin states, magnetic Compton scattering is useful. )

AExamples
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A Towards SPring -8-Il

Magnetic Compton scattering uses high  -energy X -rays having excellent penetration that

enables evaluation of bulk properties free from surface states. The new source will realize

high -speed mapping of magnetic properties inside magnetic materials/devices and at

interfaces. ?




C2

Nuclear Resonance Vibrational Spectroscopy

- Active site of the enzyme -

A Features

BL35XU, BL19LXU

Keyword: Element specific

Nuclear resonance vibrational
about their vibrational
of exactly the metals at the active center

spectroscopy is sensitive only to specific isotopes and provides information
states . It is particularly useful for enzymes, because it can extract the vibrations
from a huge background . Combined with sophisticated

simulations this provides valuable information about the structure of active centers of enzymes .

A Gallery

Average of 3 high impact (IF>12)
publications every year

List of recent publications
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A Toward SPring -8-II

Active site in the enzymes

lucidation of the Fe(IV)=0 intermediate
in the non-haem iron halogenase

Enzyme for hydrogen: Hydrogenase

/ Crucial insight into O, stability \
mechanisms in the active site of

the enzyme, hydrogenase
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Angew. Chemie Int. Ed. 59, 16786 (2020).
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Smaller

samples will be possible with a small beam size at SP8-II.

We also hope to

improve the resolution using the improved brilliance . Research of the artificial catalysts and

material science, especially earth science, will be accelerated by these features .

10



https://doi.org/10.1038/s41589-022-01226-w

C2

Energy domain

ME s s b a Spectroscopy

- Complex materials -

A Features

BL35XU, BL19LXU

Keyword: Local electronic states

Energy domain ME s s b aspectroscopy at synchrotron
electronic states with small beam size and without

analyzing complex materials .

radiation can investigate element -specific local
radioisotopes . This technique
Small beam size enable the study under the extreme conditions such as

Is especially useful for

high pressure and/or high temperature easily. Basically this is hyperfine spectroscopy but with a much
expanded range of resonances : e.g. Fe, Eu, Sm, Sn, Dy, K, Ge, Ni, Ir, Yb.

A Gallery

Charge fluctuations by

-

174Yb EDMS

Observation of the charge fluctuatioh
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Carbon Electrocatalysts by
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/ Investigation of the Structure of \
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Science 379, 908 (2023).
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A Toward SPring -8-1I

/

N

Velocity [mm/s]

J. Am. Chem. Soc. 144, 21741 (2022).
https://doi.org/10.1021/jacs.2c09825

N [— PowerOff
sin wave (4.5 Hz)
triangular wave (4.5 Hz)

/

Better spatial resolution

can be obtained due to the higher

brilliance . A synchrotron

ME s s b asousce of 5’Fe is under development for the public use at SPring-8-1l. We hope
to have a nm-scale beam size. Also, x-ray polarization analysis will become easier.




C2 BL35XU, BL19LXU

Time Domain Interferometry
- Slow Dynamics -

A Features Keyword: Slow dynamics
Time Domain Interferometry (TDI) gives us the information of nanoscale dynamics from nsec to Bs e kt
can be applied to the soft materials such as ion liquid, ion conducting glass, rubber, liquid crystal and
Membrane protein . This is basically the only alternative to Neutron Spin Echo (NSE) spectroscopy and is
in fact better because it allows new access to materials with hydrogen and small samples .

A Gallery
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A Toward SPring -8-1I

Better spatial resolution can be obtained due to the higher briliance . The gamma ray

guasi-elastic scattering in energy domain is also under development by SACLA/SPring -8
Basic Development Program .




C3

AFeatures

Thermal conduction and phonons

BL35XU, BL43LXU

Conversely, electrical
electronic circuits .

insulators
In designing such materials,
evaluate phonon properties .
where IXS is one of the few probes that may be utilized .

with  high thermal

Kl'hermal conduction in solids is carried out by electrons and phonons . Thermoelectric\
materials are required to exhibit high electrical conductivity but low thermal
conductivity
inelastic X-ray scattering
Such materials are sometimes synthesized

conductivity .
are needed in, e.g.,

is used to
in thin films,

/

AExamples
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AToward SPring -8-1I

Kohn anomaly in supper lattice

Kohn anomaly which is\
not observed in balk

samples
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The high brilliance of SPring

-8-1I makes the measurements easier: the footprint the beam

on the sample becomes smaller and the beam becomes more collimated. Consequently, it
more sophisticated experiments may be realized, and, in particular, the region of total
external reflection may be used to provide information with ~1nm sensitivity. 13
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C3 . .
AFeatures Dynamics of Complex Materials

BL35XU, BL43LXU

/IXS serves a diverse community that investigates the interplay different degrees of )
freedom in complex materials: the properties of many interesting and technologically
relevant materials arise from the interplay of lattice dynamics with electronic order,
magnetic order, structure and thermal condutivity. The small x-ray small beam size allows
\investigations of phonons in samples that can not be measured by other methods. )

AExamp|eS Microscopic Mechanism of

Common _ Softening in  Cuprates Anti - Ferroelectricity Electrons Stopping Phonons

. . \ ﬁonon softening and diffuse \ @mbined structural/dynamics st@
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Phys. Rev. X 8, 011008 (2018)

AToward SPring -8-1I

Smaller, faster, more extreme : The reduced beam size at SPring-8-II will make smaller

samples easier to measure and permit access to different and potentially more extreme
(higher temperatures, high pressures) conditions .
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C3

A Features Dynamics of Disorder BL35XU, BLA3LXU

/Disorder remains one of the frontiers of science. Materials, such as liquids and glasses, that are not\
periodic, are technologically important and poorly understood. At large length scales, they can be
treated as continua, but as one approaches atomic length scales, the 06 me s o s suaHh treaiments
fail. Inelastic X-Ray scattering with extremely high resolution ( E/E<107) provides a unique window
on this region, unmatched by any other technique. It promotes new understanding of the mesoscale,

kincluding both identification of commonalities in behavior and discovery of new scienfic concepts. j

AExamples |

Gas-like liquids and liquid _like gases Space -Time View of Liquids Measuring where no one has measured before
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=] r(d)
&hvs. Rev. Lett. 125 , 256001 (2020)/ \SC?G(AI’I():G Adv. 3 e1603079 (2017) J Work in ProgreSS
AToward SPring -8-1I
Extreme resolution will bridge the gap: Despite great effort, there is now no technique that bridges
5

the gap between the length scale of ~60 nm (light scattering) and ~6 nm (IXS). The improved source
characteristics at SPring-8-1I will allow IXS to approach the light -scattering limit and provide access to
dynamics that have been impossible to measure previously .
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C3
AFeatures

Deep Earth Investigations BL35XU, BLAZLXU
~

The detail ed chemical composition and temperatu
constrained by comparing the density and elastic wave velocity of candidate materials
under high temperature and high pressure conditions in the laboratory with the observed
values of the Earth. In order to do so, the technique to measure precise velocities under
extreme conditions and pressure scales are required.

N J

A Exam p|eS sound velocity at pressure

Absolute pressure scale with single crystals of earth s cor e

Elastic wave velocity of Fe -alloy liquid
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AToward SPring -8-1I

SPring-8-1l will enable measurements of smaller samples and in more extreme conditions,

all owing us to more close approach the conditifo
6
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c4 X-ray fluorescence holography BLA7XU

AFeatures Keyword K 3D atomic image
/Holography has been widely used for 3D image reproduction in visible light, preventing \
counterfeiting of banknotes etc. Our hard X -rays enables element -selective 3D atomic

images, which are used to analyze the local structure e.g. around specific additive
elements in crystals of semiconductors, or around metallic elements in proteins. Our
portable equipment having a large sample space is useful for detection and visualization of

\tiny deviations from the periodically ordered structures. /
A Examples Visualization of atomic displacement
Setup for X -ray fluorescence holography around additive elements Visualization of ~ biosamples
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ATowards SPring -8-1I

Atomic scale visualization of intermediate phases between crystals and amorphous structures will

contribute to creation of new functional materials. Our nanobeam will visualize local structures and

structures within a single domain related to the functions of materials such as micron - and nano -sized
crystal grains, porous zeolites, as well as composite defects and in crystal -like glasses.




C5

AFeatures

Compton scattering imaging

Keywords:

BLO8W, BLO5XU
Operando observation, Digital twin

Observation of a cross -section of the object without rotation is useful in analyzing the inside A
of a palm -sized object. A storage battery is built into a system and is difficult to rotate and
observe under operation. Compton scattering imaging enables non -destructive observation of
Qhe inside of a sample without rotation. y

AExamples

Li transfer

section of a battery without
rotating it

| —

CR2032

Observation of a cross

SR

20m x SO0y x S00ym

8 12 16
B0 (h)

3 4 5 6 78 9 10
AVTEUREXRBAE (EEEL)

Probing Volume:
\ J. Synchrotron Ra@2, 161-164 (2015)

Sensitive to light elements

I
/ products

CR2032

/

A Towards SPring -8-Il

nternal structures of battery

~

CR123A

=

J. Synchrotron Ra@8, 11741177 (2021)/

Simultaneous X -ray
fluorescence analysis of
heavy elements

Pt catalyst and water condensate
distribution inside fuel cells

-

Appl. Sci.13(19) 10753 (2023)

The new light source will enable high

of digital twin products and validation of

-speed observation that contributes to constructions

phenomenon simulators.




D1 | Multi -purpose X -ray diffraction BL13XU, BL19B2

Keywords: Multi -axis diffractometer, in  -situ, operand
AFeatures measurement, mapping, customized

ﬁ)ur multi -purpose X -ray diffractometer has a large sample space, high load capacity, and a high degree \
of freedom in angle and position control. Various X -ray scattering and diffraction measurements are

available with selectable detectors. Setups include parallel optics, 0D + slit/spectroscopic crystal, 1D, and

2D at X -ray energies of 5 -72 keV. Various sample environment control devices can be mounted on the

sample stage such as in -situ observation (heating/cooling, tensile, light irradiation, etc.), operando

measurement (charging/discharging, voltage application, etc.), and mapping measurement of thin film,

Qulk, and practical materials. j
A ExampIeS Multi -purpose 6 -axis Evaluation of crystallinity and Evaluation of microstructural changes in
X-ray diffractometer orientation of organic thin films metallic materials during deformation

Mechanism of
deformation
gl in structural
materials

xxxxxx

w6 “Kgsusp wopesorsiy

Determination of
device

characteristics i ' | e
BEHRFOI7AILDEL M ERLDFTHE
I. Osaka, et al., J. Am. Chem. Soc. 2013, 135, 88348837
A Towards SPring -8-Il

High brilliance X -rays will accelerate the development of semiconductor devices, structural

materials, and various other practical materials through faster and more efficient operando
measurements as well as mapping measurements for analyzing mechanisms of

manufacturing processes. 9




D2

AFeatures

X-ray Powder Diffraction

BL13XU, BL02B2, BL19B2

Keyword: Automated measurement, Operando, Crystal structure analysis

-quality data over a large area of reciprocal
Short time measurements can be done even with small amounts,

~mg, of sample. Operando measurements are available for fast phenomena, which are transient or
\repetitive, with time resolution from seconds to milliseconds and in a variety of sample environments.

KX- ray powder diffraction measures structures of crystals and their local properties. Our automated
system, sample preparation to measurements, provides high
space with high angular resolution.

~

J

A Examples
ate
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A Towards SPring -8-II

The high -brilliance beam will increase the number samples to ~1000 samples/day. The high
data automatically transferred to the data center, leading to next

informatics (MI). Operando analysis will enable high
millisecond time resolution. This will advance the understanding of various reaction

-generation DX with Al and materials
-speed observation of micro regions with sub -

-quality

processes.




- Sltu F)DF BLO4B2, BLO8W, BLO5XU

D3 High -throughput PDF, in

AFeatures Keywords: Local structure, High  -speed measurement

High -energy X -rays allow pair distribution function (PDF) analysis that gives quantitative data on
distortion in materials. It has been applied to many research fields from earth science to industrial uses

such as rechargeable batteries and environmental catalysts. Our system offers high -throughput PDF

local

measurements that are 10 -50 times faster than the conventional systems. High -precision in -situ PDF
\measurements are also possible under extreme pressures such as those inside the earth. j
A Examples Next -generation _ _ _
PDF measurement systems rechargeable batteries Environment catalysts High -temperature fusion
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applicable to various _
fields of research \Energy Environ. Mater.(2023)
A Towards SPring -8-II
\

Innovation of PDF analysis, including in  -situ measurements, will be realized by a pink
beam having 100 times higher flux, which accelerate materials development. Collaboration
with Fugaku supercomputer will establish ecosystems contributing to SDGs through
development of material informatics (Ml). h

further




D4

AFeatures

on micro single crystals

Fast/precise structure analysis

BLO5XU, BL0O2B1

Keywords: Precise structure analysis,

High throughput

Single crystal structure analysis determines molecular and atomic structures, and is widely used in
research on organic/inorganic materials, hybrid materials, and in drug discovery. Our technique using
micrometer size X-ray beams enables structure analysis of organic micro single crystals, precise

measurements of electronic density at high spatial resolution, and in
under external perturbations from

light, heat, and pressure.

-situ single crystal structure analysis

AExamples
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Molecular structures
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Precise structure
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/

Electron density distribution
at high -resolution
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0.20/A w15 /A*

\discovery.

than 10 times what is possible now. This will

(High -brilliance X -rays and a new 2D detector CITIUS will enable higher precision measurements of
smaller, submicron, microcrystals. Al -equipped automatic micro single crystal sampling systems

exchange robots will provide high throughput analysis of 150 micro single crystal per day, which is more
allow more efficient searches for target materials and drug

and sample

J




D5 Nanobeam X -ray diffraction/topography BBL13XU

AFeatures Keywords K Lattice deformation, mapping
Zone plates and refractive lenses allow an x -ray beam to be focused down to sub  -micron spot sizes, \
enabling local analysis of crystal structures and lattice deformation. Our method has been used to
analyze lattice distortion caused by microstructure formation and strain distribution around lattice
defects in semiconductors and related device materials. Recently the method has been extended to

\structural materials and polymers. j

A Examples Evaluation of local strain Operando measurement by Local crystal analysis

inside semiconductor time -resolved nano XRD inside materials
Experimental setup microstructures
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A Towards SPrlng -8-1l

The improved X -ray nanobeam intensity, 100 times higher than now, will enable mapping of a larger
number of samples including polycrystals and microcrystals in a short period of time. The nanobeam will
also be further miniaturized to achieve a resolution of several tens of nanometers. X -ray topography, as
a complimentary method, will also be further improved for digital topography with a large -angle camera

having a higher resolution.




D6 BL47XU, BLO5XU

XRD |mag|ng/3 DXRD Key words: Grain, Orientation

AFeatures mapping, Non -destructive, Operando

X-ray diffraction of microbeammay be used tadentify the shape and orientation of individual grains of metallic materials
such as steel, aluminum alloys, and solder. Through statistical processing of intergranular orientation differencesaggsin| sh
etc., this method hasevealedthe nanoscale changesf matter disturbed mechanically by external forces, temperature
variations, and other factorsUtilizing highenergy Xrays with high transmission capability in the 100 keV range enables npn
destructive analysis of the internal structure of practical material samples weth thicknesses. /

N

AFeatures

Phase Transformation in Steel Materials Non -destructive Orientation Mapping Inside Iron Columns

Orientation mapping \
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Non-destructive 3D nan@bservation of Austenite To 5 et al.. At Non-destructive 3D mapping @fain orientations in a
wrticlephase transformation in TRIP steel Mat. (2022) K v M Y Yrodudid 00 keV-Xays /

A Towards SPring -8-Il

The increased intensity of the focused beam of keglergy Xrays by a factor of 100 wikkduce measurement from the
present ~1/2 day tqust a few minutes. This will enable routine measurements of many practical materials, contributing
significantly to the optimization of production processes.

24



D7
AFeatures

Large -capacity high -pressure press

BLO4B1, BLOSXU

Keywords: Earth planet dynamics, Extreme condition

/ Measurements of crystal structures and physical properties under high pressure has become an

such as high -Tc superconductors. Our large -capacity press system can perform precise X

measurements of deformation and fracture dynamics under high hydrostatic pressure and uniform

heating environments. This method can reveal information such as micro
Kunder highly controlled deviatoric stress.

~

important method in industrial research, earth and planetary science, and for developing novel materials
-ray diffraction

-macro phenomena of samples

J

AExamples
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A Towards SPring -8-1l

The new source will enable measurements on millisecond timescales useful for understanding
phenomena such as astronomical collisions as well as
observing material processing and quality control. Application to investigating earthquakes and
volcanoes will give important social contributions.
compositions and crystal structures of naturally heterogeneous samples.

more mundane but extremely important tasks like

It will also enable 2D/3D mapping of chemical




E1l BL19B2, BL40XU, BL40B2, BLO5XU

AF Production SAXS Keywords K SAXS, USAXS, Gl -SAXS, Automated
eatures measurement, Operando measurement

KSmaII angle X -ray scattering (SAXS) has been used for structural evaluation of mesoscopic objects (order
of 1nm to 100nm) such as microparticles, micelles and lamellae, inside materials. Our technique enables
operando measurements that track structural changes in situ during reaction processes. Ultra -small angle
X-ray scattering (USAXS) makes it possible to evaluate large and higher -order structures of 200nm such
as aggregates. Automated measurement systems used for a large of samples and Gl -SAXS that measures
\X- rays totally reflected near the sample surface are also available. J

Automated SAXS
AExampIe SAXS USAXS measurement system

Extract sample s_ize, stru_cture and N aier
surface information | USAXS/SAXS
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A Towards SPring -8-Il

High - brilliance will reveal the formation mechanism of higher order structures that are essential in the

functions of polymer materials through higher speed operando measurements of larger volume samples.

Promoting materials informatics using machine learning and compiling a database of a large numbers of

SAXS images will bring innovation to the utilization of X -ray scattering data. 6




BL40XU, BL40B2
E2 :
|mag|ng SAXS Keywords: Local structure analysis, Scattering CT,
AFeatures Simultaneous scattering imaging
Small angle X -ray scattering (SAXS) measures structural information of nano - and micro -

scale structures inside samples. Combined with other techniques such as CT, SAXS can
extract local and/or 3D structural distribution by using microbeams.

A Example Simultaneous scattering
microbeam SAXS SAXS-CT and transmission imaging

Meas u e men.tsized bdh sbers Combination of scattering measurements
e ’ with CT enables evaluation of distribution

of parameters (size, period, shape) inside
samples.

a Detector [RS8

non-

w !f

Microbeam
analysis on tooth

\l . rem'”era“za“y Qchaﬁetal. Nature 527, 353 (2015) J

A Towards SPring -8-II

Improved brightness and high  -speed detector CTIUS will reduce a measurement time of SAXS -CT from
10 hours to 10 minutes. A new system will reveal the distribution of nanoscale structures in real space

as well as averaged structural information. A large number of scattering and diffraction data of materials

with different manufacturing methods and compositions with matching analysis would be useful in

material development and forensic science.
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E3 Fast SAXS/XPCS BL40XU, BL29XU

A Features Keywords: Nonuniformity, Dynamics analysis, in -Situ  in-vivo

-

Small angle X -ray scattering (SAXS) analyzes nano - and/or micron -scale structures inside samples. It
enables fast tracking of structural time evolution such as reaction processes during solution mixing,
sample deformation processes during tension and compression, and structural changes by temperature.

and in -situ measurements.  Coherent X -rays enable X -ray photon correlation spectroscopy (XPCS) that
\measures sample hardening and softening processes due to changes in the internal structures.

Hard X -rays with high transmission allow flexible environment around samples, as is relevant for In-vivo

~

J

AExample
Time -resolved SAXS Rheology Scattering X -ray XPCS

/ i \ / Orientation of liquid crysta\ /
! w molecules by shear force

Phys. Chem. Chem.

/ Phys.,23:131 (2021)

o

Science, 341, 1243 Biochem . 55, 287 Sci. Rep. 11, 9767 (2021).

(2013) (2015) Colloids & Surfaces A, 658, 130727 (2023) Curing processes off epoxy resin

Tracking structural changes and synthesis Tracing structural changes of a sample The mesh structure changes with

Processes exhibiting viscoelasticity deformed by the curing temperature.
external forces.

~

A Towards SPring -8-1I

/Submillisecond resolution will be available for continuous measurements, and nanosecond A
resolution for pup -probe methods, covering time scales from 10 -9 to 10 2 seconds. High
coherent flux will enable speckle image analysis for local structures, and its temporal

kvariation will reveal the dynamics of density fluctuations and phase change processes. P




