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Report of survey for needs of a new synchrotron radiation facility in Japan
(A: Field of environment and energy)

1. Survey field: Oversea trend (Aug. 27, 2014)

2. Person: Junko Yano (Lawrencw Berkeley National Laboratory, USA, Research associate)

(1) The important social and/or scientific problems to be solved in the next 5-10 years in the
scientific field of environment and energy

The rising demand for energy and the environmental damage caused by the use of fossil fuels have
highlighted the need for alternative energy sources. This motivates research and development for
shifting from fossil fuels to cleaner renewable sources. This is one of the most important scientific
challenges presently and surely for the next few decades. There are efforts all over the world related to
the development of renewable, non-polluting solar based fuels. Thus research efforts in this direction
are critically important for the future well-being of society at large as we go into the latter half of the
21st century.

(2) Research subjects which have to be carried out to solve the problems given in question (1)
* Artificial Photosynthetic Devices — How to make liquid fuels using sunlight and water? In particular,

how to use CO; to make carbon-based fuels is currently the most challenging project, in addition to the
development of efficient catalysts for water-oxidation.

* Battery and Fuel Cell research.

« Efficient catalysts in various fields by understanding the fundamental mechanisms of existing
catalysts and the design of new catalysts with the use of both combinatorial chemistry as well as more

directed research.

(3) Contribution of synchrotron radiation sources to solve the subjects listed in question (2)

Synchrotron experiments are essential because of these advantages:
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(1) Element specificity — it is difficult to get element-specific information from many of other
methods.

(2) In situ and operando experiments for electrocatalysts and photocatalysts.

(3) Obtaining structural information from non-crystalline samples.

(4) Study of surfaces and interfaces.

(4) Performances necessary for the SR source to solve the subjects listed above
* Beam specs: Beamsize suitable for bulk samples (for fast access) as well as micron-sized focused

beam (for grazing angle, mapping, etc.). Diffraction-limited beamsize would be appropriated for
imaging requirements.

* It requires insertion device beamlines.

* Si(111), (220), and (311), and multilayers for pink beam.

* Both soft and hard X-rays. Hard X-rays to cover at least from 2.1 keV (P) up to 30 keV (> Sb).

» Hard X-ray beamlines with enough hutch space that gives flexibility to do emission signal detection
using high resolution spectrometers (like Roland geometry, or von Hamos geometry), and low
temperature data collection (cryostat) with liquid He handling facilities.

* 2D detectors, CCD detectors, energy resolving detectors.

* Time-resolution, rapid scanning facilities.

* Capabilities for multiple methods — X-ray spectroscopy/diffraction along with optical/IR.

* No beamtime use fee for academic research.

* Top-off mode.

(5) The merit if the synchrotron radiation facility specified in question (4) is prepared and the

demerit if it is not prepared

There are two points — (1) fast access to the traditional X-ray based methods that will be sufficient
for many of the industry-based characterizations, and (2) more advanced X-ray based techniques for
directed basic science research. While the use of synchrotron facilities become very common, the
center of gravity is shifting to more sophisticated methods to characterize the detailed electronic
structures and spin states. The above-mentioned capabilities are important to conduct research in a
competitive environment.

(6) Others

International collaborations and exchange programs between Japan and US and other countries will
be very beneficial for the advance of synchrotron-based research directed towards the energy and
environmental sciences. Such programs exist between the US and many European countries, India and
China. The strong industry-based research in Japan in combination with academic research in Japan
and the US using synchrotron radiation would be especially beneficial for the development of artificial

photosynthetic devices, batteries, and fuel cells.
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Report of survey for needs of a new synchrotron radiation facility in Japan
(B: Field of health and medical services)

1. Survey field: Structural Biology (Aug. 18, 2014)

2. Person: Ilme Schlichting (Max Planck Institute for Medical Research, Germany, Director)

(1 Important social and/or scientific problems to be solved in the next five to ten years

1) Aging society, associated health problems. From this viewpoint, new and better drugs
and personalized medicine should be designed.
2) Energy crisis. From this viewpoint, it is strongly required to develop alternative
energy sources.
3) Custom-designed organisms to produce compounds and clean up waste.
@ Researches to be carried out in order to solve the above problems

Several diseases such as cancers, neurodegenerative diseases and diabetes are closely related to aging.
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The risk of these diseases becomes higher as we age. Structure-based design of new better drugs and
personalized medicine toward specific essential proteins including Tau proteins, p-synuclein, P450
and GPCR seem very important. To overcome the energy crisis, we need to develop alternative energy
sources urgently. In this line, material science will be a more important field of research, and structure
analysis of new materials such as operating batteries and biomass need to be achieved. Also, it is
essential to utilize some organisms that resolve harmful substances and maintain the natural
environment. In this context, chemical biology approaches that aim at the rational design of useful
compounds and proteins would play critical roles.

@ How synchrotron radiation sources contribute to solving the above subjects?

1) Structural biology of drug targets, drug targets complexed with various compounds
2) Structure analysis of new materials, including operating batteries
3) Structural biology of (re)designed molecules

@ Performances necessary for the synchrotron radiation source to solve the subjects listed

above

Regarding the performance of a new synchrotron radiation source, tunable beams of micro and
medium focuses and high flux density are strongly requested. Structural biology will expand more in
the soft X-ray range especially for sulfur phasing. To this end, high brilliance is not always required
because it will cause radiation damage. Many of oversea facilities are planning to use tunable beams to
increase the flux density and to speed up data collection as possible options. Beam focus size is also a
critical issue. If we can adjust the beam size for ourselves by choosing small ~1 pm - 2 um using a
second set of KB mirrors or large 100-200pm diameter depending on size and diffractibility of crystals
and purposes of the measurement, it would be user-friendly. High brilliance should be kept in mind
especially for small crystals/large unit cells such as membrane protein crystals.

X-ray free electron lasers (XFEL) in both the soft and hard X-ray ranges are powerful and attractive
tools. XFEL in the soft X-ray range has been used to get overall images of huge particles while XFEL
in the hard X-ray range likely has advantages in determining high-resolution structure using many
microcrystals. Importantly, each synchrotron facility should demonstrate unique advantages to be
effectively, successively and preferentially used worldwide. Additionally, no beamtime fee, easy
access after peer review of proposals, excellent user support and offer of remote data collection would
be ideal.
® Merit if the synchrotron radiation facility specified in question (4) is prepared and provided

for user operation, and demerit if it is not prepared, especially in terms of developments of

science and technology in Japan

Japan needs at least one state of the art synchrotron facility in order to stay competitive. They must
note that the major sources such as SLS, Diamond and APS are planning upgrades towards
diffraction-limited storage rings.
® Others

None.
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Report of survey for needs of a new synchrotron radiation facility in Japan
(E: Field of basic science)

1. Survey field: Oversea trend (Aug. 23, 2014)

2. Person: Han Woong Yeom (Center for Artifical Low Dimensional Electronic Systems, Korea,

Professor)

(1) The important social and/or scientific problems to be solved in the next 5-10 years in the

scientific field of surface physics

* Breakthough in the technological application of 2D materials (graphene/topological insulators/hetero

2D crystals/surface 2D electronic systems) for novel electronic devices

(2) Research subjects which have to be carried out to solve the problems given in question (1)

* Materials synthesis/engineering
* Search for new emergent 2D phases

* Design new device platforms
(3) Contribution of synchrotron radiation (SR) sources to solve the subjects listed in question
(2)

* Characterization of materials for material synthesis/engineering

+ Clarification of the electronic properties for 2D phases to search new emergent 2D phases.

(4) Performances necessary for the SR source to solve the subjects listed above

* Nanoscale probe of atomic, electronic, and spin structure of materials
4-1) Specification of beam: beamsize down to few nanometers, brilliance as high as possible
4-2) Insertion device and end station: Nanobeam ARPES station with spin detectors

4-3) How SR facility should be operated in terms of organization point of view:
1) Very high quality beam lines, end stations, and technical staffs to develop these.
i) Very high level scientific teams (in-house + outside collaborations) to perform really good science.
iii) Very good scientific leadership. Normally, Japanese SR sources lack in the points ii) and iii).

(5) The merit if the synchrotron radiation facility specified in question (4) is prepared and the

demerit if it is not prepared.

+ The nanoscale electronic and spin probes such as Nano spin ARPES cannot be provided outside of
advanced (ultimate) VUV synchrotron radiation facility. Without this kind of probes, we will have

huge problem in the scientific and technological mission listed in (1).
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Report of survey for needs of a new synchrotron radiation facility in Japan
(E: Field of basic science)
1. Survey field: oversea trend (Sep. 5%, 2014)

2. Person: Jianwei Miao (University of California, Los Angeles, USA, Professor)

(1) The _important scientific problems to be solved in the next 5-10 years in the field of

coherent x-ray imaging.

1) 3D coherent X-ray imaging of materials at atomic resolution. There are already a few ways of
imaging atomic structures, such as scanning probe microscopes, transmission electron microscopes,
and crystallography, but each has its own limitations. Such limitations can in principle be overcome
by coherent diffraction imaging (CDI). CDI has been applied to study a broad range of samples in
physics, materials science, chemistry and biology. With the more brilliant synchrotron source, it is
anticipated that the resolution of CDI can be improved to the atomic level.

ii) Bridging the gap between optical and electron microscopy. There is an important gap between
optical and electron microscopies in terms of spatial resolution, sample thickness, labeling
requirement, contrast mechanism and quantitative capability. With more advanced SR, cryogenic
CDI (typically down to liquid N, temperature) can be used to bridge the gap between optical and
electron microscopy in bio-imaging, which is expected to have broad impact to biology and life

science.

(2) Research subjects which have to be carried out to solve the problems given in question (1)

i) Development of more brilliant SR sources with coherent flux 50-100 time higher than the current 3"
generation sources.
ii) Development of dedicated CDI beamlines which preserves the coherence of the X-rays.

1ii) Sample preparation, computation and algorithm development, and training young scientists.

(3) Contribution of synchrotron radiation (SR) sources to solve the subjects listed in question
(2)

Newer generations of SR sources are ideally suitable for the CDI experiments for the following

reasons.

i) The coherent X-ray flux is expected to improve a factor of 50 - 100 by using new technologies.

ii) Pixel array detectors with single photon counting and a high dynamic range are under rapid
development worldwide and can be readily implemented at the SR facilities.

1ii) Compared to XFEL, the newer generations of SR do not destroy the sample after single pulse and
can be used to achieve 3D imaging of materials science and biological samples at high spatial
resolution.

iv) Several new SR facilities in the world have been developing CDI beamlines.

(4) Performances necessary for the SR source and the end station to solve the subjects listed

above
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i) Coherent X-ray flux: 50 — 100 times better than 3™ generation synchrotron radiation.
ii) Dedicated beamlines to preserve the coherence.
iii) Dedicated scientists to work in the CDI field who should have experience in sample preparation,
data acquisition and image reconstruction.
iv) Detectors are very important.
Required specification for beams and beamlines
i) Photon energy: a soft X-ray coherent X-ray imaging beamline (500 eV - 3 keV) and a hard X-ray
imaging beamline (3 keV - 10 keV).
ii) Brilliance: as high as possible.
1ii) Beam size: ranging from one to tens of microns (mainly determined by the typical sample size).
Required insertion devices and beamline optics, including end stations.
i) Undulators are needed for CDI beamlines.
i1) The coherent X-ray beam needs to be focused to a spot varying from one to tens of microns.
iii) Grating and crystal monochromators for the soft and hard X-ray beamlines, respectively.
iv) Cryogenic chambers for bio-imaging at the end station.
v) End station of 20 — 30 meters length (related to the oversampling requirement, the sample size, and
the pixel size).

(5) The merit if the synchrotron radiation facility specified in question (4) is prepared and the

demerit if it is not prepared.

1) Prof. Tetsuya Ishikawa at SPring-8 has set a very good example to establish a strong relation
between SPring-8 and the industry.
ii) Internationalization can still be improved for the Japanese SR community.

iii) It may be important to hire more foreign scientists at the Japanese SR facilities.
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