


Preface 

 

 

It is our pleasure to publish the SPring-8/SACLA Annual Report 

FY2018. This year, we have decided to change the language 

from Japanese to English to address interest from our 

international colleagues. Reviewing our previous annual reports, 

something important seems to be missing. We are committing to 

improve the framework of the whole report by adding 

information to deepen the understanding of our various groups 

of readers. Following are some topics that are important, but 

may not appear in the main body of the report. 

 

 

 

∙ At our Open House this past April, we welcomed more than 10,000 visitors. The large number of 

guests implies a high level of public interest in the activities of SPring-8/SACLA. A demonstration of 

self-driving cars was held in collaboration with Hyogo prefecture. Self-driving cars may have a 

practical application in transporting users around our huge site. 

∙ The 3-Way Meeting was held in May at the Advanced Photon Source (APS) at Argonne National 

Laboratory in the US. This meeting series started in 1994 with the three large-scale synchrotron 

radiation (SR) facilities, European Synchrotron Radiation Facility (ESRF), APS and SPring-8, with a 

mission to cooperatively address various issues of third generation SR sources. Later, DESY joined 

with the inauguration of PETRA-III, but the group retained the name 3-Way Meeting, redefining 

“three” to indicate Europe, America, and Asia. Though it was SPring-8’s turn to host next year’s 

meeting, we changed the order to accommodate a request from ESRF to host the meeting in Grenoble 

in February 2020. 

∙ The International Conference on Synchrotron Radiation Instrumentation (SRI2018) was held in Taipei 

this past June. This is one of the most important conferences in SR instrumentation held triennially 

among the European, American, and Asia-Oceanic regions. SPring-8 was excited to send several 

participants to the conference. The next venue will be Hamburg in 2021. Also in June, the UK held a 

symposium in Liverpool to commemorate the UK’s 50-year anniversary of synchrotron radiation 

(UKSR50). This reminded me that we did not celebrate the 50th anniversary of Japan’s SR community, 

so we plan to hold a 60th anniversary symposium in the Japanese Society for Synchrotron Radiation 

Research (JSSRR) in 2022, marking sixty years after the first use of the Electron Synchrotron at The 

University of Tokyo for SR Research. 

∙ From October 2018 to February 2019, the Japanese government conducted a mid-term assessment of 



SPring-8/SACLA, raising quite a few challenges. Overall, the results were favorable and will help 

SPring-8/SACLA move forward. RIKEN and JASRI are addressing the questions raised in the 

assessment. 

I apologize for this diary-like preface, but it is important for us to consider ourselves from both domestic 

and international perspectives. In particular, we are responsible for creating and improving operational 

practices for SPring-8/SACLA as advanced shared user facilities, and for continuing to evolve these 

facilities to meet future needs. 

As always, we sincerely appreciate your help and cooperation. 

 

Tetsuya Ishikawa 

Director 

RIKEN SPring-8 Center 



Table of Contents 

 

Preface 

Director, RIKEN SPring-8 Center 

 

SPring-8/SACLA 

1. Accelerator .................................................................................................................................. 1 

2. Control System ........................................................................................................................... 3 

3. Operation Status .......................................................................................................................... 5 

SPring-8 

SACLA 

4. Beamline ..................................................................................................................................... 9 

5. End Station 

5-1. Public Beamlines 

BL01B1 XAFS ............................................................................................................ 15 

BL02B1 Single Crystal Structure Analysis ................................................................. 18 

BL02B2 Powder Diffraction ....................................................................................... 20 

BL04B1 High Temperature and High Pressure Research ........................................... 23 

BL04B2 High Energy X-ray Diffraction .................................................................... 26 

BL08W High Energy Inelastic Scattering .................................................................. 29 

BL09XU Nuclear Resonant Scattering ........................................................................ 32 

BL10XU High Pressure Research ................................................................................ 36 

BL13XU Surface and Interface Structures ................................................................... 38 

BL14B2 Engineering Science Research II .................................................................. 41 

BL19B2 Engineering Science Research I ................................................................... 44 

BL20XU Medical and Imaging II ................................................................................ 47 

BL20B2 Medical and Imaging I ................................................................................. 49 

BL25SU Soft X-ray Spectroscopy of Solid ................................................................. 52 

BL27SU Soft X-ray Photochemistry ........................................................................... 56 

BL28B2 White Beam X-ray Diffraction ..................................................................... 59 

BL35XU High Resolution Inelastic Scattering ............................................................ 62 

BL37XU Trace Element Analysis ................................................................................ 64 

BL38B1 Structural Biology III ................................................................................... 67 

BL39XU Magnetic Materials ....................................................................................... 70 

BL40XU High Flux ...................................................................................................... 74 

BL40B2 Structural Biology II ..................................................................................... 78 

BL41XU Structural Biology I ...................................................................................... 81 

BL43IR Infrared Materials Science ............................................................................ 84 



BL46XU Engineering Science Research III ................................................................ 86 

BL47XU HAXPES / μCT ............................................................................................ 89 

5-2. RIKEN Beamlines ........................................................................................................... 93 

BL05XU R&D-ID ........................................................................................................ 94 

BL17SU RIKEN Coherent Soft X-ray Spectroscopy .................................................. 95 

BL19LXU RIKEN SR Physics ....................................................................................... 97 

BL26B1 & BL26B2 

 RIKEN Structural Genomics I & II .............................................................. 99 

BL29XU RIKEN Coherent X-ray Optics .................................................................. 101 

BL32B2 R&D-BM .................................................................................................... 103 

BL32XU RIKEN Targeted Proteins .......................................................................... 104 

BL43LXU RIKEN Quantum NanoDynamics .............................................................. 107 

BL44B2 RIKEN Materials Science .......................................................................... 110 

BL45XU RIKEN Structural Biology I ....................................................................... 111 

5-3. Contract Beamlines 

BL22XU JAEA Actinide Science I ............................................................................ 112 

BL23SU JAEA Actinide Science II .......................................................................... 116 

BL11XU QST Quantum Dynamics I ......................................................................... 120 

BL14B1 QST Quantum Dynamics II ........................................................................ 125 

BL08B2 Hyogo BM .................................................................................................. 129 

BL24XU Hyogo ID .................................................................................................... 132 

BL16XU SUNBEAM ID ........................................................................................... 136 

BL16B2 SUNBEAM BM ......................................................................................... 139 

BL44XU Macromolecular Assemblies ...................................................................... 142 

BL33LEP Laser-Electron Photon ................................................................................ 146 

BL31LEP Laser-Electron Photon II ............................................................................ 150 

BL15XU WEBRAM .................................................................................................. 152 

BL12XU NSRRC ID .................................................................................................. 154 

BL12B2 NSRRC BM ................................................................................................ 158 

BL03XU Advanced Softmaterial ............................................................................... 161 

BL07LSU The University-of-Tokyo Outstation Beamline for Materials Science ....... 164 

BL33XU TOYOTA ................................................................................................... 167 

BL28XU RISING II ................................................................................................... 171 

BL36XU Catalytic Reaction Dynamics for Fuel Cells .............................................. 175 

5-4. SACLA Beamlines ......................................................................................................... 178 

6. Industrial Use .......................................................................................................................... 182 

7. Proposal Committee ................................................................................................................ 185 

 



Appendix 

・Safety Management ............................................................................................................ 189 

・Facility Management .......................................................................................................... 192 

・Information / Network ........................................................................................................ 197 

・Outreach Activities ............................................................................................................. 198 

・Budget Information ........................................................................................................................... 199 

・International Cooperation ................................................................................................... 200 

・Statistics on Research Subjects .......................................................................................... 201 

・Statistics on Publications .................................................................................................... 204 

・Organization Chart ............................................................................................................. 205 

 



Accelerator 

1. Accelerator

Our accelerator complex offers a unique advantage, 

with a third-generation SR source (SPring-8) 

collocated with an X-ray Free-Electron Laser 

(XFEL) source (SACLA) at the same site. Building 

upon this advantage is central to our accelerator 

upgrade strategy. 

SPring-8 and SACLA started user operations in 

October 1997 and March 2012, respectively. Since 

SPring-8 has operated for more than twenty years 

and is close to its expected lifespan, it is the first 

priority for the upgrade. In 2007, an upgrade plan 

for the SPring-8 source included a transition 

towards the diffraction limited performance in the 

X-ray wavelength region. In 2013, as our

investigation moved into the execution phase, we 

shifted the approach by changing the target from X-

ray diffraction limited performance to a high 

coherence X-ray source with an emittance value of 

100 pm rad, which offers a coherent fraction of 

several percent at a photon energy of 10 keV. 

In addition to high source performance, the 

following conditions are critically important for 

quickly restarting user operations and for reducing 

the running costs for energy: 

(1) reusing the existing accelerator tunnel and

experimental hall,

(2) keeping the same source point for all undulator

beamlines (BLs) and minimizing any changes

of source conditions for the bending magnet

BLs,

(3) adopting a permanent-magnet dipole system,

(4) lowering the stored beam energy from 8 to 6

GeV to reduce energy consumption,

(5) adopting shorter period in-vacuum undulators

with the same spectral range as the current

ones, with a stored beam energy of 6 GeV,

(6) increasing the stored current from 100 to 200

mA to maintain photon flux,

(7) enabling time-shared use of the SACLA linac

as a ring beam injector.

R&D on all the required accelerator components 

began in 2015 and nearly completed in 2017. Figure 

1 illustrates the feature integration and separation of 

the accelerator complex, including NewSUBARU. 

Fig. 1. Future integration and separation of the accelerator complex. 
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At that time, construction of a next generation 3 

GeV SX (Soft X-ray) SR source, which was the top 

priority among existing light source related projects 

in Japan, had been discussed and in 2018 the 

Aobayama campus of Tohoku University was 

selected as the site. Construction officially started in 

March 2019, with close involvement from the 

accelerator group at the SPring-8 campus. Before 

proceeding to our SPring-8-II upgrade project, we 

had to first complete development of the 3 GeV SR 

source. Under these circumstances, we considered 

the 3 GeV SR construction as a prototype for 

SPring-8-II and hence, applied all our R&D effort 

to the accelerator system design. The results and 

learnings obtained through the 3 GeV construction 

project and commissioning will be applied to the 

upgrade project. In parallel to the above 

collaborative activities, we have progressed the 

accelerator system development for timesharing the 

SACLA linac as a current ring injector. We are now 

in the final stages of system tuning and plan for a 

beam injection test from the SACLA linac to be in 

regular user operation in February 2020. 

 

Hitoshi Tanaka*1 and Shunji Goto*2 

*1 RIKEN SPring-8 Center 

*2 Light Source Division, JASRI 
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2. Control System 

 

1. Status 

As part of the SPring-8 upgrade project, we started 

to design a brand-new control system in 2016. 

Since replacing the control system of the dedicated 

accelerator for BL1 during the 2017 summer 

shutdown, it has been working [1]. We replaced the 

control system of SPring-8 and SACLA during the 

2018 spring shutdown and the 2018 summer 

shutdown, respectively. A feasibility study of the 

injection from SACLA to SPring-8 began in early 

2019. The system will facilitate seamless control 

of the two accelerators and will be used for the 

injection from SACLA to SPring-8 in 2019. 

 

2. Framework of the Accelerator Control 

System 

The new control system is based on the following 

concepts: 

∙ Unifying the messaging services of SPring-8 

and SACLA with an operation GUI to handle 

both accelerators 

∙ Merging the relational database management 

system for the parameters into the same system 

because the injection parameters are spread 

across both accelerators 

∙ Synchronizing data acquisition with the 

injection beam to achieve shot-by-shot control 

∙ Simplifying management and maintenance of 

the daemon processes such as feedback or 

beam route control 

Based on these concepts, we built a new 

framework of the accelerator control system (Fig. 

1). Currently, we are redesigning the database 

system and the messaging protocol to 

communicate between the operator consoles and 

the equipment manager (EM), which controls 

devices. The data acquisition scheme is based on 

a daemon process, called MDAQ. 

 

 

Fig. 1. Schematic of the control framework for the 

SPring-8 accelerator complex. 

 

The database system is composed of three parts. 

The online database instantaneously logs the 

machine status. The archive database permanently 

logs the machine status. The parameter database 

stores the machine control parameters such as the 

calibration constants and the current settings of the 

magnet power supply. A key value store database 

system was selected for the online database, which 

performs well at the writing speed. A relational 

database management system was selected for the 

archives and parameter management. Because 

these databases require flexible data manipulation, 

a relational database is better suited for this 

purpose. We selected Cassandra [2] for the online 

database and MariaDB [3] for the archive and 

parameter database. 

We use MQTT [4] as the messaging protocol to 

communicate between the operator console and the 

equipment control device. MQTT is an open 
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industry standard and the de facto standard for 

Internet of Things applications. 

The EM, which controls devices, must be 

implemented with multiple threads to receive 

multiple messages. The data acquisition scheme is 

based on MDAQ, which is forked from the EM. 

We are preparing three types of processes: 

∙ Point data acquired with a fixed interval by 

polling 

∙ Point data acquired by a triggered event 

∙ One- or two-dimensional array data 

The configuration parameters of MDAQ are 

loaded from the parameter database and acquired 

data are written to the online database. 

 

3. Interlock System 

The safety interlock system was modified to meet 

the requirement for seamless control of the two 

accelerators (SACLA and the SPring-8). This 

system must also simultaneously cope with the 

operation of SACLA for user experiments and the 

injector for SPring-8. Hence, the control panel for 

SACLA was moved from the SACLA control 

room to the central control room to unify the 

operations of SACLA and SPring-8, which will 

enable the injection from SACLA to SPring-8. 

 

Toru Fukui*1, Mitsuhiro Yamaga*2, 

Takashi Sugimoto*2, and Choji Saji*2 

*1 Innovative Light Sources Division,  

RIKEN SPring-8 Center 

*2 Light source division, JASRI 

 

References: 

[1] T. Fukui et al., Proceedings of ICALEPCS 

2017, FRAPL03, Barcelona, Spain, 2017. 

[2] http://cassandra.apache.org 

[3] https://mariadb.com 

[4] http://mqtt.org 
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3. Operation Status 

 

1. SPring-8 

Operations statistics for the last five fiscal years are 

shown in Fig. 1. In FY2018, the total operation time 

for the storage ring was 5317 hours, 85.8 % of 

which (4560 hours) was allocated for user 

experiments. Although user availability was more 

than 99% until FY2017, it slightly decreased in 

FY2018 to 98.9%. Consequently, the mean-time-

between-failures (MTBF) for these five years 

including FY2018 was estimated to be 192 hours, a 

bit lower compared with the years before FY2018 

(>200 hours). 

Most of the downtime (~1.1%) resulted from 

machine failures related to electromagnet and radio-

frequency (RF) devices. Notably, in FY2018, there 

were nine downtime incidents resulting from 

electromagnet-related failures. In some cases, water 

hoses for electromagnets broke down due to aging, 

including radiation damage, and a large 

 

 

Fig. 1. SPring-8 operation statistics for the past 

five years. 

amount of water leaked into the accelerator tunnel. 

The power supplies for the electromagnets also 

deteriorated, causing three additional downtime 

incidents. These failures provide evidence of the 

aging and deterioration of accelerator components 

after more than twenty years of operation, 

highlighting the importance of thoroughly 

investigating possible problems with old devices 

and performing preventative maintenance to avoid 

major machine failures. 

Another highlight for FY2018 was our installation 

of a new digital low-level RF (LLRF) system based 

on modern compact digital technology, MTCA.4. 

One of the underlying strategies for the SPring-8-II 

project is to upgrade certain components prior to the 

major upgrade so that we can smoothly and 

effectively upgrade other main parts. Accordingly, 

the LLRF system has been upgraded in a step-by-

step manner in recent years. This caused some of the 

increase in downtime in FY2018 due to the process 

of running the new LLRF system for practical user 

operations. 

On-demand, high-quality beam injection from the 

SACLA linac to the storage ring is another key 

development that we are working on [1]. Although it 

will not substantially improve or degrade the light 

source performance for users, it is essential to 

SPring-8-II because high-quality beam injection is 

required for the newly designed low-emittance ring. 

In addition, it will help to reduce the operations 

costs by allowing us to shut down both the existing 

1 GeV linac and the booster synchrotron. Hardware 

preparation and beam commissioning are now 

underway. The first test user operation with the new 

injection setup is planned for the end of FY2019. A 
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full transition from the existing injection setup to 

the new platform is expected to commence soon 

after. 

We have commenced test user operations using a 

newly developed permanent dipole magnet. At 

SPring-8, several kinds of permanent dipole 

magnets have been developed specifically for 

SPring-8-II and other future light sources. We have 

proposed new magnet designs and tested magnets in 

test benches to address most of the challenges we 

have faced (e.g., magnetic field tunability and the 

temperature dependence of permanent magnet 

materials) [2]. At the end of FY2017, we replaced 

one of the dipole electromagnets in the beam 

transport from the booster synchrotron to the 

storage ring with a permanent dipole magnet for 

verifying reliability in practical operations. As a 

result, we smoothly resumed operation of the beam 

transport without any problems following the 

replacement, and since then (for more than one  

 

 

Fig. 2. Permanent dipole magnet installed in the 

beam transport from the booster 

synchrotron to the storage ring at the end of 

fiscal year 2017. 

year) we have not observed any measurable 

demagnetization of magnets or any other 

degradation to beam operations. 

 

2. SACLA 

In FY2018, SACLA provided more than 6000 hours 

of operation time for user experiments. The 

undulator hall at SACLA can accommodate five 

undulator beamlines – so far, three beamlines (BL1, 

BL2, and BL3) have been installed. BL1, a soft X-

ray beamline covering a photon energy range from 

20 to 150 eV, is driven by an 800 MeV dedicated 

linear accelerator [3]. The accelerator of BL1 was 

moved from a former test facility at SACLA, 

originally called SCSS, and independently operated 

from the SACLA main linear accelerator. BL2 and 

BL3, hard X-ray FEL beamlines with a photon 

energy range from 4 to 20 keV, are driven by an 8 

GeV SACLA main accelerator. BL2 and BL3 are 

switched pulse-by-pulse using a 60 Hz kicker 

magnet. All three beamlines can be operated in 

parallel, allowing three user experiments to be 

performed concurrently. Figure 3 shows a 

schematic layout of the facility. 

 

 

Fig. 3. Schematic layout for SACLA. 
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Fig. 4. Schematic configuration for reflection type self-seeded XFEL. 

 

3-1. Reflection type self-seeded XFEL 

In BL3, reflection type self-seeded XFEL 

operations started in June 2018. The self-seeded 

XFEL was developed to improve the randomly 

changing spiky spectra and longitudinal coherence 

of the SASE pulses. In the self-seeding operation, 

the undulator section is divided into two, and a 

magnetic chicane and a crystal are installed between 

the two parts. The SASE pulse emitted from the 

upstream undulators is monochromatized with the 

crystal and amplified in the downstream undulators. 

The transmission type self-seeded XFEL was first 

proposed at DESY and demonstrated at LCLS, 

which uses coherent forward Bragg reflection 

trailing the transmitted SASE pulse [4, 5]. The 

advantage of transmission type self-seeding is the 

small delay required for the electron beam. The 

transmission type self-seeded XFEL was also tested 

at SACLA in 2014 [6]. Although the 

monochromatized seed was successfully amplified, 

spectral purity and brightness were less than 

expected and a broad pedestal was consistently 

observed in the spectrum due to the transmitted 

SASE pulse. To improve spectral brightness, a 

reflection type self-seeded XFEL was developed at 

SACLA [7]. In this scheme, conventional Bragg 

reflection is used to generate a monochromatized 

seed pulse from the upstream SASE pulse, so there 

is no transmission 

of the SASE pulse downstream. Figure 4 shows a 

schematic configuration for the reflection type self-

seeded XFEL. The SASE pulse of the upstream 

undulators is reflected twice and monochromatized 

by a Si channel-cut crystal. To reduce the electron 

beam delay, the gap of the channel-cut crystal is set 

to about 100 µm. Figure 5 shows the measured 

averaged spectra. A clear single spectral peak was 

obtained and the spectral brightness was increased 

by a factor of six compared with normal SASE 

operation. The reflection type self-seeded XFEL has 

been used in several pilot experiments and will be 

open to users in FY2019. 

 

 

Fig. 5. Averaged spectra obtained during self-

seeded and SASE operations. 

 

3-2. Design of BL1 nonlinear correction using  

sextupoles 

Currently, a soft X-ray FEL pulse energy of ~100 µJ 
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with a pulse width of ≤100 fs is obtained at a photon 

energy of 100 eV. However, users have requested a 

higher peak power and a shorter pulse width. Since 

the injector of the BL1 accelerator is not equipped 

with an energy chirp linearizer to correct the 

longitudinal phase space curve, the electron bunch 

is easily over-bunched and the FEL pulse properties 

are limited to the current values. In order to meet the 

users’ request, we have proposed nonlinear 

correction using sextupole magnets at the first 

bunch compressor (BC1) chicane, as shown in Fig. 

6. Since the head and tail energies of the bunch are 

lower than that of the linear component due to RF 

nonlinearity, these parts travel a long distance in the 

chicane and are delayed at the BC1 exit. As a result, 

the bunch is over-compressed. To correct it, the 

sextupole magnets are introduced in the dispersive 

section. By kicking the head and tail parts to the 

same direction, they travel short cut courses and the 

bunch can be linearized by properly tuning the 

magnet strengths. This year, we completed 

parameter optimization of the sextupole magnets 

and the BC1 layout [8]. We completed design for the 

components and have started manufacturing them. 

The reconfiguration of BC1 is scheduled during the 

winter shutdown period of FY2019. 

 

Fig. 6. Schematic for the nonlinear energy chirp 

correction using sextupole magnets at the 

SACLA soft X-ray beamline (BL1). 

3-3. Beam injection into the SPring-8 storage  

ring 

The SPring-8-II upgrade project expects to use 

SACLA as a low-emittance injector. In addition, if 

SACLA provides the 8 GeV electron beam for 

SPring-8, we can eliminate the operation and 

maintenance costs for the existing 1 GeV linear 

accelerator and 8 GeV synchrotron. Beginning in 

October 2018, the electron beam injection was 

tested using the existing SPring-8 storage ring. The 

injection tests will continue in FY2019 until 

SACLA replaces the existing injector in FY2020. 

 

Takahiro Watanabe*1, Shiro Takano*1,  

Kazuaki Togawa*2 and Toru Hara*2 

*1 Light Source Division, JASRI 

*2 RIKEN SPring-8 Center 
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4. Beamline 

 

This section describes the activity status of the light 

source and optics of the beamlines in FY2018. It 

includes the insertion device, frontend, optics and 

transport channel, radiation shielding of SPring-8, 

and SACLA beamlines. In addition to routine 

maintenance, several component upgrades and 

R&D were performed. Some of these endeavors 

were part of the SPring-8 major upgrade.  

We also began rearranging the beamline portfolio. 

BL45XU was fully remodeled with regard to the 

insertion device, optics, and end station due to the 

increased demand for PX crystallography in this 

fiscal year. 

 

1. Insertion device and frontend 

1-1. Insertion device 

As part of the renewal of the existing beamlines in 

preparation for the upcoming major upgrade of the 

storage ring, where the straight section will be 

shortened, replacement of existing insertion devices 

(IDs) has been ongoing since FY2016. In FY2018, 

two in-vacuum undulators (IVUs) for BL10XU and 

BL45XU, which have been operational for more 

than 20 years, were replaced with new ones. 

The new ID for BL10XU is an IVU based on a new 

concept: magnetic force cancellation using 

multipole monolithic magnets and modular 

magnetic arrays to facilitate the field correction 

process, which is indispensable for high-quality IDs. 

Both of these offer efficient and cost-effective ways 

to manufacture IVUs, which is critically important 

in the SPring-8 upgrade project. The research and 

development to demonstrate this concept have been 

conducted for several years. After constructing and 

testing a few prototype devices, the first practical 

device that is compatible with the stable operation 

of the storage ring was built and installed in the 34 

cells of the SPring-8 storage ring. After the beam 

test to verify the performance as an IVU, it was 

moved to the 10 cells to be operated as the new ID 

for BL10XU. 

As for BL45XU, where a pair of vertically polarized 

IVUs have been running since 1997, a new 

(horizontally polarized) IVU was constructed by 

refurbishing an existing standard IVU. Although 

most of the specifications are the same, the total 

length has been reduced from 4.5 m to 3.0 m to 

ensure compatibility with future upgrades of the 

storage ring. This is possible because the standard 

IVU is composed of three 1.5-m long units (i.e., 

three magnetic arrays and three vacuum chambers 

mechanically connected with each other and 

mounted on a common base made of steel). Thus, 

by truncating one third of the common base and 

removing one of the three units, the IVU can be 

restructured as a 3.0-m long IVU. After rearranging 

basic components such as the end-correction 

magnets and cooling water channels, the new IVU 

was installed as the new ID for BL45XU. 

 

1-2. Front-end 

(1) Fast closing shutter (FCS) 

To predict vacuum deterioration quantitatively at 

the most upstream of the front-end assuming that a 

rapture of windows and subsequent inrush of air 

might occur in the beamline, we have been 

conducting R&D on the performance evaluation of 

the FCS system. The effective leak of the FCS at the 

inrush of air can be presented as a function of the 

total internal volume, which allows the number of 
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gas molecules flowing into the most-upstream of 

the front-end to be estimated [1]. 

(2) X-ray beam position monitor (XBPM) 

The filling pattern dependency of the XBPM 

outputs was systematically estimated for five 

several-bunch modes based on the beam axis in the 

multi-bunch mode. In the 2/29-filling + 26 bunches 

mode, maximum displacements of about 40 μm and 

20 μm RMS were observed in the horizontal and 

vertical directions, respectively. The main cause 

was the space charge effect during photoemission. 

We successfully reduced the filling pattern 

dependency to less than half of the initial state 

through the following measures: (i) centering the 

detector heads to the beam axis, (ii) widening the ID 

gap for fixed-point observations, and (iii) increasing 

the applied voltage of the collecting electrodes. 

(3) New beam profile monitoring system for X-

ray beam exiting from the front-end 

Previous studies have demonstrated that visualizing 

the monochromatic beam profile while addressing 

the thermal issue is indispensable. Hence, the 

centroid of a small photon beam exiting from the 

front-end should be monitored. We conducted a 

verification experiment at BL13XU for the 

visualization of scattered X-ray from a thin 

diamond film with the pin-hole camera technique 

and subsequently measured the photon energy with 

energy-dispersive two-dimensional detectors such 

as SOPHIAS-L. 

(4) High-heat-load handling techniques 

As part of the investigations into the thermal 

limitation of the high-heat-load components, the 

dislocation densities of Glidcop with compressive 

strain (0.7–5.5%) applied at 100 °C were evaluated 

by X-ray line profile analyses with a two-

dimensional flat panel detector. This realized a more 

detailed diffraction profile. Consequently, Fourier 

analysis showed that dislocation densities were 3.5 

× 1014 m-2 – 7.1 × 1014 m-2. 

 

2. Optics and transport channel 

2-1. Improvement in the stability and 

maintenance of double-crystal monochromators 

The two double-crystal monochromators (DCMs) 

of BL37XU and BL46XU were remodeled to 

stabilize the vibrations. Since the tilt stages for the 

first crystals were redundant for liquid nitrogen–

cooled silicon crystals, they were replaced with 

metal blocks. The transport paths of liquid nitrogen, 

which had led to both crystals in series with half-

inch flexible tubes, were branched in the DCMs to 

flow into the first and second crystals separately. 

The tube diameters for the first crystals remained 

the same, but the diameters for the second crystals 

were changed to a quarter inch. The flow rates for 

the second crystals were reduced accordingly, and 

vibrations of the tubes were expected to lessen. In 

addition, the second tilt stage in the BL46XU DCM 

was replaced with a more rigid one and wider guide 

rails. Performance tests are scheduled for the 

beginning of FY2019.  

Stability tests were carried out at ten operated 

beamlines. Vibrations of the DCMs were estimated 

from the intensity fluctuations of the X-ray beams 

at the experimental stations. By measuring the 

intensity fluctuations and beam positions 

simultaneously, we verified that the instability of 

the light sources partially contributed to the 

intensity fluctuation. Crystal deformation by the 

heat load was detected through distortions in the 

intensity and phase distributions of the X-ray beams. 

To quantify the deformations, we are improving 

estimation methods with the aid of computer 

- 10 -



 

Beamline 

simulation. 

Regular maintenance was carried out for the cooling 

systems with liquid nitrogen and four DCMs 

(BL01B1, BL20B2, BL32XU, and BL47XU). 

Since several motors of the BL01B1 DCM 

deteriorated due to aging, all the motors were 

replaced with new ones. 

 

2-2. Improvement in environments of the optics 

hutches at HX beamlines  

The standard pumping unit in the transport channel 

of HX-BLs is constituted by a turbo molecular 

pump (TMP) and a rough exhaust pump. An ion 

pump (IP) was integrated as the main pump to the 

transport channel in five BLs (BL32B2, BL13XU, 

BL19LXU, BL29XU, and BL41XU) to reduce 

vibrations, noise, and heating in the optics hutches 

as well as operation cost. In FY2018, IPs were 

newly installed at BL46XU and BL45XU. These 

optics hutches (OHs) were fully cleaned up. 

Additionally, a no shoe policy was adopted to 

reduce particle contamination. 

 

2-3. Reconstruction of BL45XU 

BL45XU was reconstructed to a macromolecular 

crystallography beamline using a microfocusing 

beam of a few to a few tens of microns. All the 

optical components such as the monochromator and 

focusing mirrors were replaced by new components 

(Fig. 1). The monochromator was replaced by a new 

one optimized for the beamline application energy 

range. A focusing optical system was also designed 

for use of a small focusing beam with a high flux. 

Ion pumps were adopted as the main pump of the 

transport channel. Reconstruction started in 

December 2018 and was completed in three months. 

The beamline will be opened for public use 

beginning in 2019A after a short commissioning 

period. 

(1) Monochromator 

Since the photon energy range was restricted 

between 6.5 keV and 16 keV, the mechanism was 

simplified (Fig. 2). The silicon 111 crystals and 

crystal holders were compatible with those of other 

beamlines. The rotation center of the Bragg angle 

stage did not correspond to the center of the second 

crystal. The positions of the beam footprints were 

shifted in accordance with the photon energies. 

Consequently, the long translation stage (Y1) was 

eliminated. Only three stages remained in the  

 

 

Fig. 1. Remodeled optics in the optics hutch of 

BL45XU. 

 

 

Fig. 2. Inside of the BL45XU monochromator. 
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vacuum chamber: a fine rotation stage for the first 

crystal, a tilt stage for the second crystal, and a 

translation stage for crystal gap adjustment. 

(2) Focusing-mirror optics 

High-flux micro-focusing mirrors, including mirror 

alignment mechanisms used under high-vacuum 

conditions, were designed for the illumination 

optics of the protein crystallography beamline for 

X-ray energies from 6.5 keV to 16 keV. A two-stage 

focus was employed only in the horizontal direction 

to obtain a micro-focusing beam with a minimum 

loss of the photon flux. The first horizontal focusing 

mirror (Mh1) was set at 40.4 m from the undulator 

light source to produce the first focus at 48.0 m from 

the source, where a secondary source slit was set to 

limit the first focus size. The second horizontal 

focusing mirror (Mh2) was set at 56.5 m from the 

source to produce a final focus on the sample 

position at 58.0 m from the source in the 

experimental hutch. In the vertical direction, a 

vertical focusing mirror (Mv) was set at 57.0 m 

from the source to directly produce a focus on the 

sample position.  

Figure 3 shows the KB mirror manipulator for Mh2 

and Mv. The focusing beam size on the sample can  

 

 

 

Fig. 3. KB mirror manipulator of BL45XU. 

be adjusted between 5 μm and 100 μm, depending 

on the size of the sample protein crystals with a high 

photon flux of 1012–1013 photons/s. The final focus 

size can be adjusted by changing the slit size at the 

first horizontal focus and the incident angle of the 

two mirrors (Mv and Mh2). 

 

3. Radiation shielding for SPring-8 beamline 

3-1. Radiation shielding hutches 

The workflow was managed to replace the BL45XU 

hutches and other shielding-related components. A 

barrier-free automatic door was introduced for the 

first time in the SPring-8 beamline. It was also the 

first time that an automatic door was added to an 

existing hutch. In addition, malfunctioning sensors 

and electrical parts were exchanged at several 

beamlines. 

 

3-2. Radiation-shielding calculations for the 

applications to the authority 

The 44th change permission application contained 

radiation-dose calculations for the upper power 

revision of BL45XU. The 45th change permission 

application reviewed the dose estimations for the 

removal of the mirror of BL02B1. Moreover, the 

dose estimations were also reviewed for the 

movement of the downstream shutter of BL03XU. 

 

3-3. Radiation leakage inspection at beamlines 

The following beamlines were inspected: BL03XU, 

BL09XU, BL35XU, BL37XU, BL46XU (re-

installation of local shield), BL10XU (exchange of 

insertion device), BL19LXU (change of FE slit), 

BL22XU (renewal of monochromator), BL24XU 

(conversion in the hutch), BL28B2 (movement of 

gamma stopper), BL28XU (exchange of gamma 

stopper), and BL29XU (exchange of collimator). 
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3-4. Radiation measurements and the 

development of methods 

Maintenance of the GafChromic film–reading 

equipment was continued. 

 

4. Beamlines of SACLA 

Since September 2017, three beamlines of SACLA 

(BL1–BL3) have been operating in parallel (Fig. 4) 

[2]. The soft X-ray free-electron laser (SX-FEL) 

beamline (BL1) supplies femtosecond SX pulses 

with photon energies between 40 eV and 150 eV. 

This beamline has a dedicated 800-MeV linac 

(SCSS+) to operate independently at 60 Hz. Two 

hard X-ray FEL (XFEL) beamlines (BL2 and BL3) 

produce high-energy X-ray pulses in the range of 4–

20 keV. The SACLA main linac drives these two 

XFEL beamlines simultaneously by switching an 

electron-beam route in a pulse-by-pulse manner. 

The fast-switching operation will also include a 

beam injection into the storage ring of SPring-8. 

The injection test started in FY2018. In addition to 

the effort to expand the availability of the FEL 

beamlines, SACLA has developed advanced 

operation schemes such as two-color XFEL 

generation [3] and reflection self-seeding [4]. Below 

the reflection self-seeding system, which has been 

available since FY2018, is described. 

The reflection self-seeding system was established 

at BL3 to supply XFEL pulses with a much 

narrower bandwidth. In this system, a 

monochromatic X-ray pulse (seed pulse) is 

extracted from a pulse of self-amplified-

spontaneous-emission (SASE) XFEL through a 

Bragg reflection in a channel-cut crystal of silicon 

at the middle of the undulator line. The first section 

of the undulator line generates the SASE XFEL 

pulse from an electron beam, while the second 

section amplifies the seed pulse through interactions 

with the electron beam. This system successfully 

produces nearly Fourier-transform-limited XFEL 

pulses with an average spectral brightness that is 

about six times higher than that of normal SASE 

XFEL pulses (Fig. 5). User operation of the self-

seeding began in the 2018B term. 

 

 

 

Fig. 4. Layout of the SACLA beamlines. 
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Fig. 5. Reflection self-seeding system of (upper) SACLA BL3 and (lower) averaged spectra of SASE 

XFEL (green) and seeded XFEL (red) [4]. 
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5-1. Public Beamlines 

 

BL01B1 

(XAFS) 

 

1. Introduction 

BL01B1 is a public beamline for XAFS (X-ray 

Absorption Fine Structure) measurements using X-

rays in a wide energy range between 3.8 keV and 

113 keV. It is used for various applications in 

materials science and chemistry. In FY2018, 

BL01B1 beamline and its experimental station 

stably operated for user research. The latest 

beamline information is on the website at 

https://bl01b1.spring8.or.jp/, including the 

performances of the XAFS spectrometer and 

equipment as well as user manuals. This report 

describes the improvements at BL01B1 in FY2018. 

 

2. Simultaneous measurement of XAFS and IR 

To meet user demand, we developed systems to 

perform XAFS and other analysis measurements 

simultaneously under an in situ or operando 

condition with the objective of investigating the 

change in local structures in materials during 

chemical reactions and synthetic processes. In 

particular, the XAFS-IR simultaneous measurement 

provides information about surface states, adsorbed 

species, electronic states, and the local structures of 

materials under the same conditions [1]. The 

simultaneous measurement system was installed 

and tested in FY2017, but was improved in FY2018. 

One of the improvements in FY2018 enhanced the 

air purging capability in the light path between the 

IR spectrometer and the detector. For IR 

measurements, the light path needs to be in a 

vacuum or filled with nitrogen gas because 

atmospheric carbon dioxide and water vapor absorb 

IR lights and create background absorption peaks in 

the IR spectra. In the XAFS-IR simultaneous 

measurement system, the IR light path is filled with 

nitrogen gas using an air purge system, which 

consists of acrylic boxes, pipes, and a nitrogen gas 

generator (Fig. 1(a)). Although the initial 

installation in FY2017 did not work well, 

improvements to the acrylic box and the 

optimization of the nitrogen gas supply, which both 

occurred in FY2018, led to the successful removal 

of carbon dioxide and water vapor in the IR light 

path. Figure 2 shows background spectra measured 

before and after the improvement, demonstrating 

that the absorption of carbon dioxide and water 

vapor are largely decreased by the improvement.  

The improvement in FY2018 makes the XAFS-IR 

simultaneous measurement system more stable, 

leading to a shorter recovery time of the absorption 

intensity after a sample exchange. In addition, the 

sample reactor setting is simple in the acrylic 

chamber. Hence, sample exchange is easier. 

 

 

 

Fig. 1. XAFS-IR simultaneous measurement 

system: (a) before and (b) after improvement 

of acrylic chamber. 
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Fig. 2. IR spectra of the background measurement. 

 

3. Evaluation of the current amplifiers for XAFS 

measurements 

Because KEITHEKEY 428 was discontinued, the 

performance of the fast-current amplifiers, CA5350 

(NF co.) and DLPCA-200 (FEMTO Messtechnik 

GmbH), were evaluated for XAFS measurements, 

to replace KEITHEKEY 428 used in SPring-8. The 

uniformity of the current amplifier’s response time 

is essential, particularly in quick XAFS (QXAFS) 

measurements.  

 

 

Fig. 3. Cu K-edge QXAFS spectrum of the Cu foil 

(blue line) and I0 spectrum (red line) 

measured using NF CA5350. 

Figure 3 shows the Cu K-edge (8.9 keV) QXAFS 

spectra of a Cu foil together with the I0 spectra, 

measured using NF CA5350. The data 

accumulation time is 14.18 ms at each measurement 

point. Glitches occur around 9.9 keV when the filter 

is off for CA5350 or the operation mode is High 

speed for FEMTO. Figure 4 shows the XAFS 

spectra around 9.9 keV to highlight the structures of 

the glitches. In this situation, the input current pulse 

height exceeds the maximum input range of 10 V 

for NF, and the output is saturated for FEMTO 

(Fig. 5). To solve this problem, an external low-pass 

filter, which does not affect the input charge amount 

into the amplifier, is being developed. 

 

 

Fig. 4. Expanded XAFS spectra around 9.9 keV 

structure. 
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Fig. 5. Waveforms of (a) I1 (Yellow) Amp. Out 

signal of NF CA5350 and (b) I0 (Yellow) 

and I1 (Red) Amp. Out signals of FEMTO 

DLPCA-200. The blue lines of (a) and (b) 

are the trigger signals synchronized with 

each revolution of the electron bunch. 
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BL02B1 

(Single Crystal Structure Analysis) 

BL02B1 is designed for single-crystal structure 

analyses and is equipped with a large cylindrical 

image-plate (IP) camera, a hybrid photon counting 

detector, and a four-circle diffractometer. The 

double silicon crystal monochromator with an 

included geometry can select monochromatic X-

rays between 8 keV and 115 keV from synchrotron 

X-ray radiations of the bending magnet. Most of the

current experiments use monochromatic X-rays 

between 18 keV and 60 keV. BL02B1 currently 

promotes charge density studies and in situ 

experiments for functional materials using a large 

cylindrical IP camera and a hybrid photon counting 

detector. 

The large cylindrical IP camera and hybrid photon 

counting detector are useful for crystal structure 

determinations of inorganic and organic materials. 

Using high-energy X-rays, crystal structure analysis 

can be performed for inorganic materials with heavy 

atoms. Because the IP camera provides statistically 

accurate data due to the wide dynamic range of IP, 

it is used for precise structure analyses, especially 

in charge density studies. 

In FY2018, we installed a two-dimensional hybrid 

pixel detector, PILATUS3 X CdTe 1M (Dectris) to 

improve the performance of single-crystal structure 

analyses with high-energy X-rays. This detector 

adopts CdTe for the X-ray detection module, which 

has a higher detection efficiency for high-energy X-

rays compared to the Si module. The detector area 

is 168.7 mm × 179.4 mm by arranging 10 detection 

modules of 83.8 mm × 33.5 mm in a 2 × 5 layout. 

BL02B1 promotes ultrahigh precise structural 

analysis with the large curved IP camera to directly 

visualize the charge density. These kinds of 

experiments with high-energy X-rays are not 

realized in other synchrotron radiation facilities. 

The IP camera provides highly accurate data since 

the IP can fit into the large curved area. One 

drawback is a loss time of nearly 10 min for reading 

and erasing, making it difficult to perform time-

resolved structural analysis. 

The installation of PILATUS3 X CdTe 1M into the 

diffractometer realizes a time-resolved charge 

density analysis with a readout time of 0.95 ms and 

a frame rate of up to 500 Hz. The detector operates 

as single-photon counting without noise, and it has 

the 20-bit counter whose dynamic range is as wide 

as the IP detector. This configuration enables charge 

density visualization with high-energy X-rays. 

Figure 1 shows the diffractometer, which is 

equipped with a 1/4χ goniometer, IP detector, and 

PILATUS3 X CdTe 1M. In this setup, a large curved 

IP camera is still available and can be easily 

switched with the PILATUS3 X CdTe 1M detector. 

Fig. 1. Diffractometer for single-crystal analysis 

combined with a 1/4χ goniometer, IP 

detector, and PILATUS3 X CdTe 1M. 
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Two-dimensional integration-type detectors such as 

CCDs and IPs need time to open and close the 

shutter, to position the diffractometer, and to read 

the images. PILATUS3 X CdTe 1M enables shutter-

less data collection, which means that it is not 

necessary to close the X-ray shutter and stop the 

goniometer. Compared to that of Mercury2 CCD 

(Rigaku), the total data collection time is reduced to 

1/10 or less. That is, the time-resolved measurement 

is 10 times more efficient. This enhancement allows 

for experiments and structural dynamics analyses at 

the charge density level. 

Through the commissioning in FY2018, we 

confirmed that the diffractometer with PILATUS3 

X CdTe 1M can perform shutter-less measurements, 

which significantly reduce the measurement time. 

For instance, we compared PILATUS3 X CdTe 1M 

with Mercury2 CCD under the same conditions, and 

measured the entire region of d > 0.77 Å using a 

standard sample of cytidine micro single crystal. 

For Mercury2 CCD, the fastest data collection time 

to acquire high-quality data suitable to solve the 

crystal structure is about 1 h 30 min. For PILATUS3 

X CdTe 1M, the time is dramatically shortened to 

about 5 min. In this commissioning, we 

demonstrated that the total data measurement time 

is reduced to 1/10 or less using PILATUS3 X CdTe 

1M. In addition, PILATUS3 X CdTe 1M has a 

dynamic range of 20 bits, which can cover the 

missing range of Mercury2 CCD with a 16-bit range. 

This improvement allows diffraction images to be 

acquired without additional exposure using an X-

ray absorber. 

Since data reduction is dependent on the software 

developed by the diffractometer company, the data 

collection software at BL02B1 supports several data 

formats. Currently, RAPID-AUTO (Rigaku), 

CrysAlisPro (Rigaku), and APEX3 (Bruker) are 

available on the PCs at the beamline. 

 

Kunihisa Sugimoto and Nobuhiro Yasuda 

Diffraction and Scattering Group I, Diffraction and 
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BL02B2 

(Powder Diffraction) 

 

BL02B2 is a bending-magnet beamline dedicated to 

high-resolution powder diffraction measurements 

of crystalline powder materials. Powder diffraction 

experiments are conducted to clarify the correlation 

between the crystal structure and physical 

properties through phase identification, accurate 

structural analysis, and in situ powder diffraction 

experiments under various external conditions. The 

first optical component of this beamline is a total-

reflection Si mirror (M1) coated with Pt and Ni. M1 

is used to collimate X-rays and eliminate higher 

harmonics. A double Si(111) monochromator 

follows the mirror. In this configuration, 

monochromatic X-rays with an energy of 12–37 

keV are available, and the energy resolution ΔE/E is 

approximately 2 × 10-4.  

SPring-8’s website shows details of the current 

status and basic beamline performance of BL02B2 

[1]. Two types of experiments are conducted: (i) 

high-throughput powder diffraction experiments 

using a sample changer and six microstrip 

MYTHEN detectors [2] and (ii) in situ/time-resolved 

powder diffraction experiments under various 

conditions. The former, which is temperature 

dependent, is automatically carried out for up to 50 

capillary samples. The temperature ranges from 30 

K to 1100 K. For in situ powder diffraction 

experiments under other external conditions, an 

additional apparatus must be installed to the powder 

diffractometer. The furnace and cryostat, which are 

shared with beamline BL02B1, are available for 

high-temperature (up to 1473 K) and low-

temperature (down to 10 K) conditions. The 

recently developed remote gas handling system is 

available to control the gas and vapor pressure 

inside a capillary[3]. In addition, users can perform 

in situ powder diffraction experiments using carry-

in equipment such as an electric field generator for 

ceramics, charging/discharging cell for batteries, 

and light irradiation systems. 

FY2018 focused on two subjects: (1) increasing the 

photon flux using a Pt-coated cylindrical mirror and 

(2) improving the exchange efficiency between the 

high-throughput measurement system and the in 

situ powder diffraction system. 

 

1. Improvement of data quality using a Pt-coated 

cylindrical mirror 

X-ray beams with an energy of 25–35 keV are 

useful for research on the correlation between the 

crystal structure and physical properties. A long 

acquisition time is required for a powder diffraction 

pattern due to the low counting efficiency of the 

MYTHEN detectors for high-energy X-rays. In in 

situ/time-resolved experiments, the powder 

diffraction pattern must be collected in seconds. In 

some cases, the Bragg peak intensity is as low as 

100 cps since the X-ray beams are not focused 

horizontally in this beamline. If the X-ray beams 

can be focused horizontally, the photon flux at the 

sample position will increase. The aim of this 

project is to improve the S/N ratio of in situ 

diffraction data and to shorten the measurement 

time as much as possible. 

Eight years ago, the horizontal focusing Si mirror 

(M2), which is coated with Pt, was installed for 

experiments under laser heating conditions because 

the laser spot size was small (<50 μm). The 
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horizontal focusing mirror had a cylindrical shape 

with a curvature of 19.82 mm, and it was located 

downstream after the double-crystal 

monochromator in the optics hutch. Using the 

mirror, a focused X-ray beam size less than 100 μm 

was achieved. Further reducing the beam size to 

tens of microns, the particle statistics in powder 

diffraction were remarkably deteriorated, and it was 

difficult to obtain a uniform Debye-Sherrer ring. 

Consequently, M2 was not suitable for conventional 

powder diffraction experiments. 

We optimized the horizontal focusing for high-

resolution powder diffraction experiments. The 

horizontal aperture of the front-end slits was 

changed from 3 mm to 10 mm, and the mirror stage 

can be adjusted by the motor drivers on its slope 

(Ry), in-plane rotation (Rz), translation (Y), and 

height (Z). During the adjustment, the beam shape 

is monitored at the sample position using a CCD 

camera. Since the vertical beam divergence 

deteriorates upon horizontal focusing, the 

parameters for the M2 mirror can be optimized by 

changing the bending amount of the M1 mirrors to 

preserve the original symmetric and non-

broadening powder diffraction profile of the 

standard sample. The optimum parameters of the 

optics are determined by adjusting the positions of 

the M1 and M2 mirrors. The obtained beam size 

along horizontal direction is 1.5–2.0 mm. Figure 1 

shows the powder patterns of CeO2 measured in 

FY2017 (before optimization) and FY2018 (after 

optimization). The full width at half maximum 

(FWHM) of Bragg reflections are approximately 

same (see inset), but the intensity in FY2018 is three 

times higher than that in 2017, indicating a three-

fold increase in the photon flux. This improved 

optics not only decreases the total acquisition time 

 

Fig. 1. CeO2 powder patterns measured in FY2017 

(before optimization) and FY2018 (after 

optimization). 2θ value of data in FY2017 is 

shifted by 0.2° toward a higher diffraction 

angle to display the intensity difference. 

Inset shows the diffraction profiles at the 

higher 2θ region. Intensity is normalized for 

comparison of FWHM of peaks. 

 

but also improves the S/N ratio for in situ powder 

diffraction data. These upgrades should allow more 

users to use the BL02B2 beamline. It should be 

noted that focused X-ray beams have been available 

to public users since 2018A. 

 

2. Improvement of the system exchange 

efficiency 

Powder diffraction experiments in BL02B2 can not 

only automatically measure the powder diffraction 

using a sample changer but also perform in situ 

measurements under various external conditions. 

For the in situ powder diffraction experiments, the 

sample changer in front of the powder 

diffractometer must be moved to another place. In 

addition, the external goniometer must be combined 

with heavy equipment (e.g., furnace and cryostat). 
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The procedure to exchange equipment requires 1–3 

h. To minimize the loss time, an exchange system 

between the sample changer system and the external 

goniometer system was installed. Figure 2 depicts 

the exchange system. The sample changer and the 

goniometer can be easily moved on the rail. The 

installation improved the position repeatability, and 

in most cases, the systems do not need to be re-tuned. 

In addition, the exchange time is reduced to several 

minutes. Moreover, the development reduces 

human error and loss time during the system 

exchange. This development has realized more 

effective use of the limited beamtime. 

 

 

Fig. 2. Picture and schematic drawings of the 

exchange system.  
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BL04B1 

(High Temperature and High Pressure Research) 

 

1. Introduction 

BL04B1, which is a bending magnet beamline, is 

mainly employed for energy dispersive X-ray 

diffraction measurements and X-ray radiography 

observations under high-temperature and high-

pressure conditions using white X-rays. The X-rays 

emitted from the bending magnet are directly 

introduced into the experimental hutch and white X-

rays with a wide energy range are used in 

experiments. It is also equipped with a compact 

Si(111) double-crystal spectrometer, which makes it 

possible to perform angle-dispersive X-ray 

diffraction measurements and X-ray radiographic 

observations using monochromatic X-rays at 30–60 

keV. 

The beamline has two experimental hutches in 

series, each has a large, high-pressure press with a 

maximum load of 1500-tons installed. From 

upstream of the X-ray beams, the SPEED-1500 

Kawai–type high-pressure press (DIA-type press, 

optical hutch 2) and the SPEED-Mk.II Kawai–type 

high-pressure press (D-DIA–type press, optical 

hutch 3) are installed. SPEED-Mk.II can conduct 

high-pressure deformation experiments using D-

RAM (differential ram moving independently of the 

main ram) in addition to high-pressure, high-

temperature experiments of 30 GPa and 2000K or 

higher using sintered diamond anvils. 

In FY2018, the AE measurement system was 

developed, a time division ultrasonic velocity 

measurement system was introduced, sequential 

automatic stage control software was developed, etc. 

 

2. Introduction of the AE measurement system 

In BL04B1, AE (Acoustic Emission) measurement 

experiments were carried out by combining a D-

DIA–type high-pressure deformation press and an 

ultrasonic measurement system. Several 

oscilloscopes are linked to obtain six-channel 

acoustic wave signals and a preamplifier for each 

AE signal is connected. Thus, ultrasonic velocity 

measurements and AE measurements are switched 

manually. Since this system uses several 

oscilloscopes, the synchronization between the 

channels is not sufficient, which deteriorates the 

positioning accuracy in AE measurements. The 

manual switching interrupts the measurements. 

To improve the synchronization, an 8-channel 

oscilloscope (MSO58; Tektronix) was introduced, 

enabling the use of 6-8–type high-pressure cell as 

well as the conventional 6-6–type 

 

 

Fig. 1. AE measurement system. 

 

high-pressure cell for AE experiments (This system 

was introduced by Kyushu University).  

A switching device was developed for high-

frequency circuits in cooperation with Thamway 

(Fig. 1). In this system, ultrasonic velocity and AE 
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measurements can be switched instantaneously by a 

TTL signal. The generation status of AE can be 

monitored, and the elastic modulus of the sample 

can be measured simultaneously. Moreover, a 

remote control (20 dB / 40 dB) can change the 

amplification factor of the preamplifier, and the 

experiment can be carried out without entering the 

experiment hutch. 

 

3. Development of time-resolved ultrasonic 

velocity measurement system. 

Ultrasonic echo, X-ray absorption image, and X-ray 

diffraction (XRD) data are required for ultrasonic 

velocity measurements. To obtain these data, it is 

necessary not only to change the width of the 

incident X-ray slit between X-ray radiography and 

XRD measurements, but also to operate each 

system using specialized software. Currently, the 

time-resolved measurements are operated manually. 

Because the operation speed of the slit is slow, it is 

difficult to perform a single time-resolved 

measurement in several minutes or less.  

 

 

Fig. 2. Time-resolved ultrasonic measurement 

system. 

 

In FY2018, a new slit system with a fixed width was 

introduced for XRD (Fig. 2). This slit can be 

alternately inserted and removed by an electric 

flipper, enabling a fast switching (within a few 

seconds) between radiographic observations and 

XRD. In addition, integrated control software was 

developed for sequential operations of each 

software for radiography and XRD. “HiPic” 

manufactured by Hamamatsu Photonics is used to 

acquire X-ray images. Remote acquisition of X-ray 

images was realized using RemoteEx Client 

software. The remote-control function was added on 

the software for the XRD measurements. The 

software was developed using LabVIEW, and the 

multifunction I/O (N9403) device manufactured by 

National Instrument was used to generate the TTL 

signal required for flipper control. 

Using this system, a nonlinear change in the elastic 

wave velocity of an amorphous sample was 

successfully obtained at continuously increasing 

temperatures. In the future, this system will be 

incorporated into all user experiments. This system 

should enable time-resolved measurements of the 

elastic wave velocity, which have yet to be 

performed.  

 

4. Automatic stage sequential control software 

In high-temperature and high-pressure experiments, 

XRD measurements and radiographic observations 

should be performed as quickly as possible since the 

sample environment is unstable. During such 

experiments, however, the user must complete 

many operations such as controlling the high-

pressure press, heating the instrument, and adjusting 

the sample position. Integrated control software was 

developed for a new measurement method such as 

mapping measurements. The newly developed 

control software can move the stages to pre-set 

positions automatically and change the width of the 

incident slit (Fig. 3). 
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Fig. 3. Automatic stage sequential control software. 
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BL04B2 

(High Energy X-ray Diffraction) 

 

1. Abstract 

BL04B2 is used in structural studies for disordered 

materials by pair distribution function (PDF) 

analysis. PDF analysis using high-energy X-ray 

diffraction is useful to quantitatively determine the 

local structure of disordered materials at low 

scattering angles with a wide Q range. BL04B2 is 

equipped with two Si crystals as a monochromator, 

providing fixed-energy X-rays of 37.7 keV from 

Si(111), 61.4 keV from Si(220), and 113.1 keV from 

Si(333) (third-harmonic generation). The energy at 

61.4 keV is mainly used in the PDF analysis. One 

measurement for PDF analysis at 61.4 keV takes a 

minimum of 2–3 hours due to the necessity of 

scanning a point detector with an energy window 

such as a CdTe- or a Ge-SSDs to eliminate the 

higher harmonic contamination of X-rays. On the 

other hand, in FY2017, we developed a new 

apparatus using a two-dimensional (2D) amorphous 

silicon (a-Si) digital X-ray flat-panel detector (FPD) 

to realize the time-resolved PDF analysis at SPring-

8. 

In FY2018, two improvements were made at 

BL04B2: (1) the cooling system for a large 2D 

detector was upgraded to reduce dark noise, and (2) 

a new sample environment was realized using a 

microwave reactor. Here, we describe these 

enhancements.   

 

1. Improvement of the cooling system for a large 

2D detector to reduce dark noise 

The dedicated setup on beamline BL04B2, in which 

a large 2D flat-panel detector is used for time-

resolved PDF analysis, can collect suitable PDF 

data in a few seconds [1]. The commissioning of the 

setup started in December 2017. In FY2018, the 

related measurements are increasing and occupied 

about 15% in the user time at both BL04B2 and 

BL08W beamlines. In addition, we developed 

PIXIA software for data conversion from 2D images 

into one-dimensional PDF data in collaboration 

with Dr. Tominaka of NIMS (PIXIA software was 

written in Python and used the SciPy and NumPy 

packages, which deal with all the mathematical 

treatments in a matrix calculation). Because time-

resolved PDF measurements provide thousands of 

2D diffraction images, rapid and accurate 

processing of this huge quantity of information is 

necessary to extract information about structural 

changes. 

 

 

Fig. 1. (a) Time dependence of the background on 

the flat-panel detector before and (b) after 

setting the cooling system at BL04B2.  
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Fig. 2. (a) Detail of channels in the cooling system for FPD. (b) Before and (c) after setting for the cooling 

system by flowing water through the channel at BL04B2. 

 

After realizing rapid and accurate processing of a 

huge amount of data using PIXIA software, we set 

to tackle the dark noise of the 2D detector in the 

time-resolved PDF analysis. Figure 1(a) shows the 

time dependence of the background on the 2D 

detector before working the cooling system. We 

initially collected the dark noise data for 10,000 s 

without cooling. Then the detector was cooled by a 

fan after 10,000 s. Turning on the fan initially 

decreases the dark noise, but it gradually increases 

due to the fever of the 2D detector around 40,000 s. 

The increase is almost equal to the scattering 

intensity from disordered materials. Therefore, it is 

necessary to completely remove the heat for the 2D 

detector.  

Figure 2 shows a cooling system for the FPD. 

Cooling is attempted by flowing water through a 

channel. Figure 1(b) shows the resultant 

background reduction. We confirmed that the dark 

noise is a constant regardless of whether the 

detector and/or the fan are working. The improved 

cooling system prevents the instability of the dark 

noise from the heat by the FPD itself. 

 

3. New sample environment using a microwave 

reactor 

The dedicated setup used for time-resolved PDF 

analysis is compatible with existing instruments for 

different sample environments such as an 

aerodynamic levitation furnace, acoustic levitation 

furnace, or diamond anvil cell. In addition, we 

installed a microwave heating system using a 

Biotage Initiator microwave reactor in FY2018. The 

microwave reactor realized solvothermal and 

hydrothermal conditions in a temperature range 

from room temperature to 573 K at a pressure of less 
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than 20 bar (1 bar = 0.1 MPa). To observe structural 

changes in disordered materials for the chemical 

condition in real time, we modified the reactor by 

forming holes in the metallic compartment and 

removing the Teflon inner walls to allow X-rays to 

pass through the glass vial with the minimum 

background intensity associated with the reactor. 

Figure 3 shows the time-dependence PDF analysis 

under hydrothermal conditions in a lepidocrocite-

type layered titanate from the precursor solution [2]. 

Tominaka and coworkers confirmed using time-

resolved PDF analysis that the formation of the 

lepidocrocite-like prestructure is key to form the 

layered titanate under hydrothermal conditions. 

Hence, it is now possible to observe structural 

changes in disordered materials, which were 

previously unknown. We expect that additional 

improvements will contribute to direct observations 

of structural changes in disordered materials at 

SPring-8. 

 

 

Fig. 3. Time dependence of the PDF data. (a) Two-

dimensional plot of time dependence in situ 

PDFs. (b) Selected one-dimensional plots 

shown with the ex situ PDF for the 

crystalline product [2]. 
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BL08W 

(High Energy Inelastic Scattering) 

 

1. Introduction 

BL08W is the beamline that can deliver the highest- 

energy X-rays with only a wiggler source at SPring-

8. This beamline is used mostly for Compton 

scattering experiments and to a lesser extent 

fluorescence X-ray analyses, particularly for heavy 

elements. In FY2018, the activities of time-resolved 

pair distribution function analyses increased 

because this beamline delivers intense X-rays over 

100 keV. Consequently, diffraction experiments can 

be performed over wide Q-ranges. 

This report describes three improvements only 

related to Compton scattering experiments: (1) 

updated analysis program for magnetic Compton 

profiles, (2) development of a high temperature 

sample holder for Compton scattering, and (3) 

updated Compton scattering imaging with a pin 

hole. 

 

2. Update of the analysis program for the 

magnetic Compton profile. 

The analysis program for magnetic Compton profile 

(MCP), which was coded by Delphi, is provided to 

users. However, this is becoming difficult since the 

latest operating system does not support Delphi. 

Therefore, the program was updated with Python in 

FY2018. The principal changes are summarized as 

follows. First, the absorption correction is improved, 

allowing users to choose the angles of incident and 

scattering X-rays. Second, the dead time correction 

can be selected to normalize the area of the 

Compton profile. Finally, 10 MCPs can be 

separately obtained from 10 sets of raw data 

detected by 10 element Ge solid state detectors (Ge-

SSDs). Figure 1 shows the control panel of the MCP 

analysis program. The program is operated with a 

GUI, considering ease of use by users. Opening the 

source code to the public allows users to modify the 

program by themselves. 

 

 

Fig. 1. Control panel of analysis program for MCP. 

 

In addition, the sign of the magnetic Compton 

scattering (MCS) signals depends on the direction 

of the magnetization in a sample. The MCP is 

obtained by subtracting the Compton profiles 

measured while switching the magnetic directions 

of the sample. Since the spread of a Compton profile 

over the X-ray energy depends on the scattering 

angle, some corrections to raw data are required to 

obtain a Compton profile. The data processing 

involves the following: 

(a) Energy calibration of Ge-SSDs 
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Because the energy–channel relationship of Ge-

SSDs is linear, the energy calibration is performed 

by a linear fit to the energy–channel relationship of 

fluorescent X-rays from a standard sample or a 

checking source. 

(b) Normalization of the Compton profile intensity 

MCPs are the difference between Compton profiles 

obtained by switching the magnetization directions 

by an angle of 180°. To obtain the MCPs, 

normalization of the Compton profiles is essential. 

(c) Self-absorption correction 

Incident X-rays and Compton scattering X-rays are 

absorbed within the sample. The absorption 

depends on the sample composition, sample 

thickness, and X-ray energy. 

(d) Scattering cross section correction 

The scattering cross section of MCP depends on the 

energy. This correction is applied to the raw data 

after a background subtraction. 

(e) Detector efficiency correction 

The detector (Ge-SSD) efficiency depends on the 

energy (e.g., 94% at 100 keV and 48% at 180 keV). 

This correction is applied to raw data after the 

background subtraction. 

(f) Conversion from the energy to the momentum 

scale 

Experimentally, the raw data of the Compton 

profiles are measured on the energy scale. The 

conversion from the energy scale to the momentum 

scale is applied to raw data.  

(g) Normalization of the magnetic Compton profile 

The integrated area contribution of the MCP is 

proportional to the magnitude of the spin moment in 

the sample. To normalize the MCP, a standard 

sample such as Fe, Ni, or Co whose spin moment is 

already known, is measured for the normalization of 

MCP. 

3. Development of high-temperature 

measurements for Compton scattering 

experiments 

Various experimental conditions are important for 

materials science. Temperature is one influential 

condition. Currently, the temperature range for 

Compton scattering experiments at BL08W is 

limited between 10 K and room temperature using a 

GM refrigerator. In FY2018, a sample holder for 

high-temperature measurements using a ceramic 

heater was developed. Figure 2 show the sample 

holder for MCS. This holder allows MCS 

experiments up to 500 °C to be conducted. This 

heating system is also available for other Compton 

scattering experiments by changing the sample 

stage and heater holder. 

 

 

Fig. 2. High-temperature holder for MCP. 

 

4. Update of Compton scattering imaging using 

a pinhole 

The intensity and energy-distribution in Compton 

scattering both depend on the sample composition 

because each component in a Compton profile 

corresponds to the wavefunctions of the electrons in 

the samples. Therefore, the internal structure can be 

imaged by mapping the intensities accompanying 

the Compton profiles from the positions in a sample.  
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Compton scattering imaging (CSI) at BL08W has 

some advantages over other imaging techniques. 

First, an X-ray detector can be placed in any 

direction. Second, CSI is highly sensitive to light-

element materials. Third, the intense, high-energy 

X-rays (i.e., 115 keV) available at BL08W possess 

a high transmittance even to a large object. Finally, 

CSI allows direct 2D imaging in a plane-by-plane 

arrangement using a pinhole. 

 

Fig. 3. CSI setup for a plane-by-plane arrangement. 

 

Figure 3 shows the experimental setup for a plane-

by-plane measurement. The spatial resolution 

depends on the pinhole size. In FY2018, a pinhole 

with a diameter of 100 m was developed. This 

pinhole is made of tungsten and is tapered so as not 

to transmit extra X-rays as background. An image 

intensifier is employed as a position sensitive 

detector. A lithium ion polymer battery was 

measured to demonstrate the CSI experiment (Fig. 

4). A clear contrast image of the electrodes inside 

the battery was successfully obtained. 

 

 

Fig. 4. CSI of a lithium ion polymer battery. 

Recorded vertical length of this CSI is 1 mm 

due to the vertical beam size. 
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BL09XU 

(Nuclear Resonant Scattering) 

 

1. Introduction 

BL09XU, which is a nuclear resonant scattering 

beamline, is an X-ray beamline with a 32-mm-

period standard linear undulator and a liquid-

nitrogen cooled monochromator [1]. Intense X-rays 

between 5 keV and 80 keV are obtained. X-rays 

below 38 keV are first monochromatized by double 

Si 111 reflections, while X-rays above 38 keV are 

monochromatized by Si double 333 reflections. 

Numerous fields use this beamline for nuclear 

resonant scattering (NRS) and hard X-ray 

photoelectron spectroscopy (HAXPES). 

 

2. Nuclear resonant scattering 

NRS is a resonant scattering using the transition 

between the ground and excited states in nuclei. Its 

energy width is typically µeV to neV, which is much 

narrower than the atomic electron level of meV to 

eV. Techniques currently conducted in the beamline 

using NRS are follows: 

(1) Synchrotron Mössbauer spectroscopy 

This technique investigates local electronic states 

through hyperfine interactions. It is useful to study 

samples under high pressure and thin films due to 

the much smaller beam size than that obtained using 

a radioactive source. It is also used for isotopes that 

do not have an adequate radioactive source. 

(2) Nuclear inelastic scattering (NIS) 

This technique visualizes atomic vibrations as 

phonon excitations. It provides complimentary 

information to inelastic neutron scattering and 

inelastic X-ray scattering because the partial 

phonon density of states that specifies the atom can 

be observed by NIS. 

(3) Quasi-elastic scattering (QES) 

QES using time-domain NRS measures the 

dynamical structure factor in the (q, ) space, which 

corresponds to the dynamics in soft matter. 

(4) Nuclear excitation for nuclear physics 

In FY2018, we developed a spectrometer for the 

QES using time-domain NRS and one-dimensional 

(1D) focusing lenses for total reflection experiments. 

We tested the cooled analyzer for energy-domain 

synchrotron Mössbauer spectroscopy. 

 

2-1. Spectrometer for QES using time-domain 

NRS 

The QES using time-domain NRS was intensively 

developed [2]. A new spectrometer with improved 

specifications was constructed in collaboration with 

Dr. Saito of Kyoto University. The spectrometer is 

composed of a high-resolution monochromator 

(HRM), cryostat, and APD detectors. The HRM is 

designed to have higher resonant flux by replacing 

the resolution of 3.5 meV with that of 6 meV. This 

is because the resonant flux is more important than 

the resolution considering the current prompt and 

delayed counting rates. Si 440 and 10 6 4 reflections 

are adopted in the nested-type instead of the original 

511 and 975 reflections. Figure 1 shows the 

fabricated HRM with high-precision rotation 

mechanics using a piezo actuator. A delayed 

intensity is sometimes more important than the q-

resolution. Therefore, the outer diameter of the 

cryostat is designed to be as short as possible to set 

the APD detector as close as possible to a sample in 

the cryostat. To cover the sequential q-range, the 

APD detectors are designed to have a shorter dead 
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space to set two APD detectors nearby.  

 

 

Fig. 1. HRM developed for the QES using time-

domain NRS. 

 

2-2. One-dimensional focusing lenses for Fe-57 

and Sm-149 

As reported in the SPring-8∙SACLA annual report 

FY2017, there are two-dimensional (2D) focusing 

lenses for Fe-57, Sm-149, and Th-229. Time-

domain synchrotron Mössbauer spectroscopy using 

the total reflections to investigate thin films is a 

popular technique at BL09XU. To reduce the 

intensity loss due to 2D focusing, 1D focusing 

lenses are prepared for Fe-57 (14.4 keV) and Sm-

149 (22.5 keV). Those for Sm-149 are also used for 

Eu-151 (21.5 keV) and Sn-119 (23.9 keV) with 

different focusing points. These lenses are mounted 

in the same holder as the 2D focusing lenses. The 

measured throughput for Fe-57 was 81% and the 

focused beam size was 200 m in the vertical 

direction. This value is larger than the 110 m 

obtained by the 2D focusing lenses for Fe-57. 

 

2-3. Analyzer for energy domain Mössbauer 

spectroscopy with a closed-cycle cryostat 

Energy domain Mössbauer spectroscopy does not 

require high-current single bunches. In FY2017, an 

analyzer with a liquid He flow-type cryostat was 

prepared for isotopes with higher energies. 

However, due to a recent supply problem for liquid 

He in Japan, an analyzer that does not use liquid He 

is required for the smooth user experiments.  

Because an energy scan is realized by the Doppler 

shift of the reference sample connected to the 

transducer in the analyzer, it is quite sensitive to 

vibrations. A vibration-damped analyzer with a 

closed-cycle cryostat was tested under collaboration 

with Prof. Kobayashi of the University of Hyogo 

(Fig. 2). This system was used in Sm-149 

Mössbauer spectroscopy. Sm2O3 and 149SmB6 were 

used as a sample on the beam and a reference 

sample in the analyzer, respectively. The energy 

spectra were measured at 10 K and 30 K with 

pumping and between 10 K and 40 K without 

pumping. The obtained line widths of these spectra 

are the same within statistical error. This result 

shows that this analyzer can be used for Mössbauer 

spectroscopy of Ni-61, Yb-174, etc.   

 

 

Fig. 2. Analyzer for energy domain Mössbauer 

spectroscopy with a closed-cycle cryostat. 
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3. Hard X-ray photoelectron spectroscopy 

(HAXPES) 

The HAXPES station at BL09XU was opened for 

public use in FY2014. The advantages over 

BL47XU are its high flux and energy tunability [3]. 

The high-flux micro-focus beam with the size of 

about 5 (vertical) µm × 13 (horizontal) µm is 

achieved by the long length of about 1 m of the K-

B focusing mirror. Its intensity is 30 times higher in 

the photoelectron detection efficiency than that at 

BL47XU. The high-flux beam allows spectra with 

high energy resolution E of about 100 meV to be 

acquired and a diamond phase retarder to be used. 

Hence, magnetic circular dichroism of HAXPES 

spectra can be measured by changing the beam 

polarization, which means that, for example, 

spintronic materials can be investigated.  

An energy tunable system was developed to realize 

resonant HAXPES (r-HAXPES) measurements in 

collaboration with the Partner User (PU) members 

led by Dr. Kojiro Mimura of the Osaka Prefecture 

University in FY2017. This project was based on 

the PU program of SPring-8 and titled, 

“Construction of composite measurement 

technology of resonant hard X-ray photoemission 

and X-ray absorption spectroscopies, for 

elucidating quantum critical phenomena of strongly 

correlated electron system”. Selective utilization of 

Si 331 and Si 333 channel-cut monochromators 

(CCM) can measure r-HAXPES spectra with 

E<300 meV in the incident photon energy range of 

5–10 eV. 

Recently, the sample positioning time had to be 

shortened, especially for studies on strongly 

correlated electron systems. In addition, there were 

requests from r-HAXPES users to expand the h 

range and enhance the beam flux. In FY2018, we 

developed an observation system of the sample 

coaxial to the incident X-ray beam using a reflecting 

mirror and introduced a new high-resolution CCM. 

 

3-1. Coaxial observation system using a 

reflecting mirror 

For strongly correlated electron systems, users often 

try to cleave or fracture samples in situ to measure 

clean surfaces. However, this often results in 

imperfect cleavage with poorly cleaved areas. In 

such cases, well cleaved areas must be identified 

from the imperfectly cleaved surfaces. Thus, sample 

positioning is very time-consuming work. To 

overcome this problem, we developed a sample 

observation system coaxial to the incident X-ray 

beam using a reflecting mirror, which is applicable 

to ultrahigh-vacuum (UHV) conditions (Fig. 3(a)). 

The system is mostly the same as that introduced at 

BL47XU in FY2017 [4]. This system greatly 

simplifies identifying the target position. In the 

positioning procedure, first, the  

 

Fig. 3. Picture of (a) coaxial observation system and 

(b) Si 311 CCM. 

 

target position is identified visually using the 

system. Next, the sample position is searched to 

maximize the photoelectron intensity by scanning 

the sample along the beam direction. This system 

drastically shortens the searching time required and 

increases the effective beam time. 
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3-2. New CCM to expand energy-region and 

high-flux measurements in r-HAXPES 

We introduced a Si 311 CCM and adjusted it in the 

energy range of 4.91–12 keV with support by the 

PU program. The CCM has a narrow gap width of 3 

mm to reduce the variation of the beam height 

during photon energy scanning (Fig. 3 (b)). The Si 

311 CCM increases the beam flux more than 10 

times compared with the Si 333 one. Moreover, E 

is smaller than 300 meV in the energy range of <7 

keV. This Si 311 CCM is effective for powder and 

low-concentration samples, especially in the 

photocatalyst field where users are increasing. 
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BL10XU 

(High Pressure Research) 

 

1. Overview 

BL10XU is a public beamline dedicated to high-

pressure X-ray diffraction measurements using 

monochromatic X-rays. The scientific fields cover 

high-pressure physics and chemistry, materials 

sciences, and Earth and planetary sciences. 

Integration of a high-pressure apparatus diamond 

anvil cell (DAC) and cryostat/laser heating allows 

X-ray diffraction experiments ranging from 

cryogenic temperature to over 3,000 K to be 

performed under high pressure conditions. Over the 

last two decades, we have been developing X-ray 

focusing optics, diffractometers, and detectors suite 

for high-pressure X-ray diffraction. High-pressure 

and high-temperature X-ray diffraction using the 

laser-heated DAC technique is well established for 

studying crystallography, phase relation, and P-V-T 

equation of state of deep Earth materials. Recently, 

the number of high-pressure and high-temperature 

synthetic studies has increased rapidly using this 

technique. Studies include hydrogen-rich materials 

called hydrides. Precise laser-heating-controlling 

techniques and accurate temperature measurements 

are required to enhance X-ray diffraction under 

extreme conditions over 5,000 K and to synthesize 

new materials. Additionally, there is a growing need 

for observations of pressure-induced phenomena of 

liquid/amorphous materials, including changes in 

the coordination number and polyamorphism. To 

meet these requirements, we developed a laser 

heating system and a high-energy X-ray focusing 

refractive optics in FY2018. Here, the details are 

described.  

 

2. New developments in the laser-heating system 

with in situ synchrotron high-pressure X-ray 

diffraction 

The stability of the laser spot and fast temperature 

measurements are key components to in situ high-

pressure and high-temperature X-ray diffraction 

measurements. The conventional online laser 

heating system installed at BL10XU made it very 

difficult to keep the laser spot in one position for a 

long time. However, a long exposure time is 

necessary to determine the temperature.  

 

 

Fig. 1. Photograph of the in situ laser-heating 

system for high-pressure X-ray diffraction 

with the DAC. 

 

In FY2018, we introduced a few modifications to 

improve the laser pointing stability and temperature 

measurements for laser heating. Improvements 

included installing high-power laser optics capable 

of accurate beam shape control, laser beam delivery 

optics to a sample in the DAC, and high-speed CCD 

detectors (Fig. 1). In the new beam delivery optics, 

we changed the mounting method for X-ray 
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transparent silver-coated glassy carbon mirrors, 

adopted the gimbal mechanism in the mirror mounts, 

and placed a 100-mm-thick honeycomb optical 

table to meet the requirements for rigidity, vibration 

isolation, system stability, and user-friendliness for 

laser heating. This setup also controls the laser beam 

spot with a precision of a few μm. Currently, we are 

optimizing the flat-top optics for a high-power laser 

beam and developing an interface program that 

combines temperature measurements and 

diffraction pattern collection. 

 

3. X-ray–focusing refractive optics at a high 

energy of 62 keV 

High-energy focused X-ray probes are essential for 

high-pressure X-ray diffraction with a DAC 

involving minute samples. An X-ray focusing 

technique using a compound refractive lens (CRL) 

was developed over the last two decades at the 

SPring-8 BL10XU beamline. To realize high-

pressure X-ray diffraction using high-energy 

monochromatic micro X-ray beam, X-ray–focusing 

SU8-CRL manufactured by synchrotron deep X-ray 

lithography was installed in experimental hutch 2. 

SU8-CRL, which has a focal length of 500 mm and 

a physical aperture size of 80 µm, is used to focus 

the 62-keV incident X-ray. In combination with a 

pre-focusing aluminum CRL installed in optics 

hutch, the beam size, which is defined as the full 

width at half maximum (FWHM) of the intensity 

profile, is approximately 10 µm both in the 

horizontal and vertical directions at the sample 

position in the experimental hutch. The flux is 3 × 

1010 photons/s at a storage ring current of 100 mA 

when using an incident slit size of 80 µm × 80 µm 

and a 30-µm cleanup pinhole. This new X-ray probe 

will enhance amorphous/liquid X-ray diffraction 

measurements, and should allow for a deeper 

understanding of the Earth’s liquid outer core and 

non-crystalline structures. 

 

4. Next-generation hard X-ray undulator 

A new in-vacuum undulator, which consists of a 

magnetic attractive force cancellation system, was 

built as an insertion device of the X-ray source at 

BL10XU. Performance tests were launched in 2018. 

This undulator realizes synchrotron-based multi-

probe measurements using X-ray energy ranges that 

could not be achieved using the previous hybrid-

type undulator with a shorter period suitable for 

high-energy X-ray generation. The new device will 

be installed at BL10XU in FY2019. 

The development project in the undulator was 

implemented by the RIKEN and JASRI cooperative 

team with partial financial support of a JSPS 

KAKENHI grant to Prof. Hirose, The University of 

Tokyo. 

 

Naohisa Hirao, Saori Kawaguchi, and Yasuo 

Ohishi 
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BL13XU 

(Surface and Interface Structures) 

 

1. Introduction 

BL13XU is dedicated to reveal the structures of 

surface layers on solids and thin films on the atomic 

scale via X-ray diffraction/scattering (XRD). 

Techniques typically include grazing-angle X-ray 

diffraction, crystal-truncation-rod (CTR) scattering, 

reflectivity, microbeam diffraction, and reciprocal-

space mapping in a vacuum or in air. To investigate 

surface structures by the aforementioned XRD, an 

ultrahigh-vacuum (UHV) chamber is mounted on a 

diffractometer. This chamber is equipped with tools 

for sample preparation and surface analysis. Target 

materials range from hard matter (such as a metal 

and an inorganic material) to soft matter like an 

organic semiconductor. A photon energy ranging 

from 6 keV to 50 keV is usually used. 

Recently, diffraction patterns from nanostructures 

such as atomic wires, nanodots, and ultrathin films 

have been measured. Local structures of device 

materials (e.g., strain) have been revealed using 

microbeams. Not only static structure analysis of a 

solid surface/interface, but also in situ observations 

of a dynamic structural response of a surface such 

as a metal electrode through the imposition of an 

external field are encouraged. 

In addition to the in-vacuum undulator source and 

the standard optics, middle-energy-bandwidth 

optics are available using an asymmetric double-

crystal monochromator with the Si 111 reflection to 

supply the growing demand for a high photon flux 

[1]. The monochromator stabilization system and the 

fast tuning of the incident X-ray energy for 

anomalous XRD are utilized to meet users’ 

requirements. 

Here, we report technical developments and 

upgrades of the beamline instruments implemented 

in FY2018. 

 

2. Real-time indexation of reciprocal space maps 

A two-dimensional (2D) detector, especially a 

photon-counting 2D detector, is used in synchrotron 

XRD due to its low noise, high photon-detection 

efficiency, high count-rate, high spatial-resolution, 

and large active area compared to other detectors. 

BL13XU offers two series of 2D detectors, 

PILATUS-100K (Dectris) and HyPix-400 and 

HyPix-9000 (RIGAKU) for structural analysis of 

thin films and a liquid/solid interface using multi-

axis diffractometer in the first experimental hutch 

and UHV experiments in the third hutch.  

On the other hand, spec, which is the leading 

software for instrument control and data acquisition 

in XRD used at synchrotron facilities around the 

world, was adopted at BL13XU [2]. spec not only 

supports a large number of instruments, including 

motor controllers, detection electronics, and 

detectors, but also provides easy access to 

reciprocal space and supports easy-to-use macros 

for users to build up their own measurement 

procedures. However, one drawback is the 

monolithic package. This results in difficulties in 

sharing and/or introducing programs developed by 

the other systems to the spec-based measurement 

system. 

Therefore, we applied the distributed control system, 

Data collection And control system for X-ray 

stations Using MADOCA (DARUMA), to the 

beamline with great support by Dr. Nakada [3]. 
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Owing to the cooperation of DARUMA with spec, 

we can control the beamline instruments flexibly, 

including the aforementioned 2D detectors. In 

addition, using DARUMA, we introduced a 

program to index an observed XRD image using 

Miller index in real time, which can be controlled 

via spec.  

Figure 1 shows a screen shot of the DARUMA 

image viewer, where the Miller index diagram is 

overlaid on the acquired XRD image to help 

identify CTR scatterings. The Miller index diagram 

is calculated by evaluating the so-called UB matrix 

from the angular information on the diffractometer,  

  

 

Fig. 1. DARUMA image viewer. Miller index 

diagram is overlaid on the acquired XRD 

image. Red, blue, and green lines represent 

integer grids of the h, k, and l in the Miller 

index, respectively. 

 

crystallographic parameters of a sample, and the 

detector specifications. 

By introducing the DARUMA system, flexible 

control of the existing beamline instruments is 

realized and additional controls can be introduced 

easily in the future. 

 

3. High-resolution micro/nano-beam X-ray 

diffraction 

The micro/nano-beam XRD technique is an 

excellent tool to reveal local lattice distortions in 

materials such as semiconductor thin films or 

electric devices with a high-spatial resolution. In the 

fourth experimental hutch at BL13XU, the 

micro/nano-beam XRD system is arranged with a 

Fresnel zone plate (FZP) and compound refractive 

lenses (CRL) as focusing devices (Fig. 2) [4,5]. 

Previously, a CCD-based camera was used as a 

detector, but weak diffraction signals were difficult 

to detect due to the readout noise.  

To overcome this problem, we installed a pixel array 

detector (STPX-65k by Amsterdam Scientific 

Instruments) in 2018. The detector is based on the 

Timepix technology developed at CERN. The 

detector has features such as low noise and a high 

frame rate. The sensor is 1-mm-thick 

 

 

Fig. 2. Micro/nano-beam XRD system in the fourth 

experimental hutch at BL13XU. 
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Fig. 3. Interface of the measurement software. 

 

Si, which has a high efficiency that exceeds 80% at 

8–15 keV. The pixel pitch is 55 μm. The maximum 

distance from a sample to the detector is about 420 

mm in the system. Thus, the minimum step of the 

2 angle is about 0.0075°. The number of pixels and 

detection area are 256 × 256 and 14 mm × 14 mm, 

respectively. The maximum frame rate is 120 

frames per second. 

To install the detector in the micro/nano-beam XRD 

system, we developed a series of software for the 

measurements (Fig. 3), image corrections, and 

analyses. A mesh scan with up to three axes can be 

performed by the measurement software, where 

reciprocal lattice mapping (RLM) is performed by 

changing the xz position on the sample. To set the 

detector, the exposure time and the number of 

frames are specified so that a wide dynamic range is 

achieved by integrating each frame. First, images 

from the detector are corrected for the analyses such 

as the flat field correction, image rotation, and filter 

processing. The results of the RLM measurements 

are checked immediately by the analysis software. 

It also has a function to export RLM data to a text 

file for commercial graphing software. 

By introducing a pixel array detector, the weak 

diffraction signal can be detected with a high 

sensitivity. The measurements are faster, allowing 

more effective use of the beam time. 

The work in the micro/nano-beam XRD part was 

supported by JSPS KAKENHI (Grant Number 

JP16H03913). 

 

Hiroo Tajiri and Kazushi Sumitani 
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BL14B2 

(Engineering Science Research II) 

 

1. Introduction 

BL14B2 at SPring-8 is a bending magnet beamline 

designed for engineering science research via the X-

ray absorption spectroscopy (XAS) measurements. 

We have developed various measurement systems 

to realize easy and high-throughput operations of 

XAS measurements. In FY2018, we improved the 

gas distribution and exhaust gas treatment systems 

to increase the gas pressure. We also modified the 

automatic systems for high-throughput XAS 

measurements at low temperatures. 

 

2. Remodeling of the gas distribution and 

exhaust gas treatment systems to increase the gas 

pressure 

The number of engineers conducting in situ XAS 

measurements while synthesizing catalysts or 

monitoring catalytic reactions is increasing. Since 

many of these experiments are chemical reactions 

in a reactive gas atmosphere, the use of gas 

distribution and exhaust gas treatment systems is 

essential for safety. When gas equipment was 

introduced at the initial stage at BL14B2, it was 

assumed that experiments were performed under 

pressure conditions close to atmospheric pressure, 

such as in situ measurements of catalysts for 

automobile exhaust gas [1]. For this reason, systems 

were introduced that can adjust the working 

pressure in a range from normal pressure to about 

0.2 MPa.  

Previously, most in situ measurements were under 

the reaction conditions of catalysts for automobile 

exhaust gas; however, in recent years, the number 

of in situ measurements under catalytic reactions to 

elucidate the reaction mechanism of organic 

synthesis has increased. Many organic synthesis 

reactions with practical use proceed under high 

pressure. Hence, structural analysis of catalytic 

active sites under a pressurized gas atmosphere is 

demanded. Therefore, the gas distribution and 

exhaust gas treatment systems were modified to 

conduct experiments under a pressurized gas 

atmosphere.  

Since gas pressure supplied from the gas cylinder is 

about 0.3 MPa or less, the pressure regulators and 

pressure gauges in the gas lines other than hydrogen 

sulfide (H2S) were replaced to supply gas at a 

pressure up to about 0.9 MPa. Figure 1 

schematically depicts the gas distribution part. For 

the H2S line, the necessary equipment is being 

evaluated. In addition, a mass flow controller that 

can adjust the gas flow rate under a pressurized gas 

atmosphere in the range of 0.5–0.8 MPa was added.  

 

 

Fig. 1. Schematic diagram of gas distribution part. 
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Fig. 2. Schematic diagram of mass flow controllers 

and gas piping in the experimental hutch. 

 

 

Fig. 3. Picture of mass flow controllers. 

 

The gas piping was also modified. Figure 2 

schematically diagrams the mass flow controllers 

and the gas piping in the experimental hutch. The 

piping was branched downstream of the supply 

valves for each gas type. The thick lines in Fig. 2 

indicate newly added pipes and switches. Figure 3 

shows a photograph of the mass flow controller. The 

devices on the left panel are the mass flow 

controllers capable of controlling the pressure near 

atmospheric pressure, while those on the right panel 

are the newly added mass flow controllers to adjust 

the flow rate under a pressurized gas atmosphere to 

0.5–0.8 MPa. 

In FY2019, the operation of gas pressure and flow 

rate control and a trial for in situ measurements of 

catalytic reactions will be conducted under a 

pressurized gas atmosphere. The system is slated for 

user experiments in FY2020. 

 

3. Improvement of the automatic system for low 

temperature XAS measurements 

The advantage of XAS measurements at low 

temperature is that damping of the EXAFS 

oscillation can be suppressed by decreasing Debye-

Waller factor, improving the signal to noise (S/N) 

ratio in EXAFS oscillations. At BL14B2, a 

temperature-controllable cryostat to measure XAS 

at low temperature (10–300 K) was installed. We 

also developed an automatic system for low 

temperature XAS measurements. This system can 

realize automatic XAS measurements for up to 15 

samples at 10 preset temperatures [2]. To improve 

the accessibility and efficiency of XAS 

measurements at low temperature, we modified the 

automatic XAS measurement program at low 

temperature. 

 

 

Fig. 4. Front panel of the automatic XAS 

measurement program. 

 

Figure 4 shows the front panel of automatic XAS  
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measurement program at low temperature. 

Corrected points of the program include: 

(1) Increasing the number of preset temperatures 

from 10 to 20 

(2) Automating the positioning for the origin of the 

sample holder 

(3) Recording the temperature at the start and end of 

an XAS measurement in a log file 

(4) Changing the width of the incident X-ray for 

each sample 

 

 

Fig. 5. Fourier transform of Mn K-edge EXAFS 

spectra for the Fe-Mn-C-Si martensitic steels 

by changing measurement temperature from 

10 K to 300 K. 

 

Figure 5 shows the Fourier transform of the Mn K-

edge EXAFS spectra for the 0.1C-5Mn martensitic 

steel by changing the measurement temperature 

from 10 K to 300 K [3]. The intensity of each peak 

increases as the measurement temperature 

decreases due to the decrease of the Debye-Waller 

factor. The temperature of the start and end of an 

XAS measurement in a log file shows an error 

within 0.5 K for the preset temperature. 

 

Takeshi Watanabe, Hironori Ofuchi and Tetsuo 

Honma. 

Industrial application division, JASRI 
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BL19B2 

(Engineering Science Research I) 

 

BL19B2, which is known as the Engineering 

Science Research I beamline, is one of the original 

beamlines constructed for industrial applications. It 

has played an important role in promoting 

industrial use of synchrotron radiation. To meet the 

diverse needs of industry, a variety of experimental 

apparatuses for X-ray scattering and diffraction are 

developed using its three experimental hutches 

(Fig. 1). A versatile high-throughput diffractometer 

(powder diffractometer) in the first hutch (EH 1) 

and a multi-axis diffractometer in the second hutch 

(EH 2) are installed. A two-dimensional detector 

PILATUS 2M for small-angle X-ray scattering 

(SAXS) with the camera length (L) of 0.7–40 m is 

installed in the third hutch (EH 3). 

In FY2018, we reconstructed the beamline 

configuration by moving and abolishing some 

apparatuses in order to further improve the 

efficiency of powder diffraction and SAXS 

experiments. For the multi-axis diffractometer, a 

germanium (Ge) wafer mirror system, which 

provides the grazing incident X-ray beam on thin 

films grown on the air/liquid interface, was 

upgraded. In addition, a multi-axis oscillat-

ing/translating sample stage was developed to 

precisely evaluate the diffracted intensity from 

polycrystalline materials. 

 

1. Powder diffraction and SAXS 

A versatile high-throughput diffractometer named 

Polaris in EH 1 was installed in FY2017 as the 

successor to the large Debye-Scherrer camera 

(LDSC) at the downstream in EH 2 [1]. In FY2018, 

the sample-cooling and -heating devices operated 

on the LDSC were moved to Polaris, and the 

LDSC was abolished. Since the detector system 

was shifted from an off-line imaging-plate reader 

to an on-line silicon microstrip MYTHEN detector, 

powder diffraction experiments are completely 

automated, including in situ measurements with 

changing temperature. 

 

 

Fig. 1. Overview of BL19B2. SR: storage ring, OH: optical hutch, EH: experimental hutch, DCM: 

double-crystal monochromator, FM: focusing mirrors. Photographs of the equipment in each 

experimental hutch are shown. 
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For SAXS equipment, an experimental setup 

dedicated to SAXS with a 40-m camera length was 

permanently installed at the vacant lot created by 

abolishing the LDSC (Fig. 1). This rearrangement 

makes it easy to transfer the experimental setup 

when changing the camera length of SAXS. In 

addition, we can prepare another experimental 

setup using the multi-axis diffractometer or SAXS 

in EH 2 or EH 3 when a fully automated powder 

diffraction experiment is isolated in EH 1, which is 

the most upstream. These efforts have enhanced 

the operational efficiency of our beamline. 

 

2. Multi-axis diffractometer 

2-1. GIXD for the air/liquid interface 

The multi-axis diffractometer installed in EH 2 is 

widely used by engineering science researchers. 

Due to the increased demand to study the 

crystalline structure of organic thin films grown on 

the air/liquid interface, in FY2017 we began to 

develop measurement systems to investigate the 

crystal structure grown on this interface using 

grazing incidence X-ray diffraction (GIXD). 

However, our conventional systems could not 

study the crystalline structure in detail because the 

background signal was higher than the weak 

diffraction signals. In FY2018, we increased the 

diffraction signal to background (S/B) ratio by 

adopting a four-dimensional slit system and a 

guard aperture. 

Figure 2 shows a schematic illustration and 

photograph of the GIXD measurement setup. The 

monochromatic X-ray is guided downward by 

tilting a Ge wafer mirror by angle (1). The 

incidence angle to the sample (2) can be 

controlled by changing 1. We recently adopted a 

four-dimensional slit system and a guard aperture 

downstream of the Ge wafer mirror to remove the 

X-ray scattering from this mirror 

 

 

 

Fig. 2. GIXD measurement setup for air/liquid interface. (a) Schematic illustration, (b) photograph, and (c) 

GIXD profiles of organic thin films grown on air/liquid interface. 
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Fig. 3. View of the apparatus to rotate and oscillate samples for X-ray diffraction measurements of 

polycrystalline samples. 

 

affecting the background signals. This apparatus 

can be remotely controlled by combing with auto x 

and z stages. Figure 2(c) shows GIXD profiles of 

organic thin films grown on the air/liquid interface 

obtained using our new measurement systems. 

Consequently, the S/B ratio was improved from 1.2 

to 2.7, and we successfully observe many weak 

diffraction peaks. 

 

2-2. Multi-axis Gandolfi sample stage 

An apparatus to rotate and oscillate polycrystalline 

samples was developed using the multi-axis 

diffractometer installed in EH 2. The X-ray 

diffraction profiles from polycrystalline samples 

are influenced by their crystal texture. If the 

texture has large crystal grains or an anisotropic 

crystalline orientation, its influence makes it 

difficult to evaluate the volume fraction of the 

crystal phases in a sample from the X-ray 

diffraction profile. This is often seen in 

experiments on metallic structural materials. To 

solve this problem, we introduced a new apparatus 

to rotate and oscillate samples (Fig. 3). The design 

of this apparatus is based on a Gandolfi camera 

with two rotation axes ( and χ) to average the 

anisotropic crystalline orientation. Additionally, 

one translational oscillation axis z parallel to  

axis is equipped to solve the problem due to large 

grains by averaging the X-ray diffraction signals 

from many grains. 

 

Keiichi Osaka, Takeshi Watanabe, and Masugu 

Sato 
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BL20XU 

(Medical and Imaging II) 

 

1. Introduction 

BL20XU is the medium-length undulator beamline 

with the total length of 245 m. Using this 

characteristic, a multiscale CT has been installed. 

The system consists of a micro-CT using projection 

optics as a wide-field and low-resolution (WL) 

system and a nano-CT using a full-field X-ray 

microscope as a narrow-field and high-resolution 

(NH) system.  

 

2. Multiscale CT for nondestructive nanoscale 

observation of bulk samples 

Multiscale CT realizes both a high spatial resolution 

and a huge field of view by combining multiple 

tomographic systems with different fields of view 

and spatial resolutions. The WL system is used to 

capture the entire object, and the NH system 

precisely measures its region-of-interest (ROI). In 

general, it has been difficult to realize such 

measurements nondestructively because a probe 

must have two contradictory characteristics such as 

a high penetration to transmit a large object and a 

high interaction with matter for high resolution and 

high sensitivity. We overcome this problem by 

employing a newly developed phase-contrast high-

energy X-ray nano-CT as the NH system. In most 

cases, the Fresnel zone plate (FZP) is used as an 

objective. Its X-ray energy range is restricted to 

around 10 keV or lower because realizing a high 

efficiency is difficult in the high-energy region 

where a high aspect ratio of the zone structure is 

required. We developed an apodization FZP (A-

FZP) with a comparably high efficiency in the high 

energy X-ray region [1]. Moreover, the very large 

total beamline length, which is a unique feature of 

BL20XU, is suitable for high-magnification 

imaging in the high-energy region. Because the 

focal distance of FZP is proportional to the X-ray 

energy, it becomes more difficult to design a high-

magnification system inside an experimental hutch 

as the X-ray energy becomes higher. A distance of 

165 m between the first and second experimental 

hutches of BL20XU makes a magnification of more 

than 100 times possible even in an X-ray energy 

range higher than 20 keV. To realize a high 

interaction with matter, the Zernike phase-contrast 

method, which shows an interaction that is 10–1000 

times larger than the conventional absorption 

contrast, is employed. Hence, the nano-CT system 

enables nondestructive three-dimensional imaging 

of light metal material with 1-mm diameter, 150-nm 

spatial resolution, and several % of density 

resolution.

 

Fig. 1. Schematic drawing and typical parameters 

of multiscale CT at BL20XU. 

 

Figure 1 schematically depicts the multiscale-CT 

system at BL20XU. The system consists of a micro-

CT as a WL system and a high-energy phase-

contrast X-ray nano-CT as a NH system. Users can 

(a) Micro-CT mode for wide field of view
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(c) Typical parameters of micro-CT and nano-CT

Mode View field [µm] Res. [µm] Voxel [µm] Pixel format

Micro-CT 1000 ~2 0.5 2048 x 2048

Nano-CT 63 0.2 0.03 2048 x 2048
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easily switch between systems, and the available X-

ray energy range is 20–30 keV. The typical field of 

view and the voxel size of the micro-CT are 1 mm 

and 0.5 µm, respectively. Those of the NH system 

are 60 µm and 30 nm, respectively. The typical 

measurement time of nano-CT is around 1 h for 

1,800 projections. More details of the system are 

shown elsewhere [2]. 

Figure 2 shows a typical measurement example of a 

multiscale-CT, nondestructive observation of 

interior-originating fatigue cracks in a titanium 

alloy Ti-4Al-4V [3]. A micro-CT measurement for 

entire body of a sample with 0.45 mm was initially 

performed to identify the position of the interior 

fatigue crack (Fig. 2a). Then the identified interior 

region was observed nondestructively with the 

nano-CT mode (Fig. 2b). The micro-CT image 

reveals where the internal cracks are located (circled 

region in Fig. 2a), but the spatial resolution is 

insufficient to observe the details. Nano-CT image 

clearly shows the 3D positional relations between 

the (α + β) dual phase microstructure and the initial 

cracks. It can also reveal their propagation 

processes by employing in situ measuring methods. 

Multiscale CT is routinely used in a variety of fields 

such as metallic materials, ceramics, astronomy, 

batteries, and devices for nondestructive 3D nano-

imaging of bulky sample. Because bulky samples 

are much easier to treat than tiny samples, the 

multiscale CT is also frequently used for four-

dimensional nano-imaging such as in situ, ex situ, 

and operando measurements. This work was 

supported in part by RIKEN. 

 

Fig. 2. Multiscale-CT images of interior fatigue cracks in Ti-4Al-4V. (a) Micro-CT image. (b) Nano-CT image 

of the circled region in Fig. 2a. X-ray energy is 20 keV. 
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BL20B2 

(Medical and Imaging I) 

 

1. Introduction 

BL20B2 is a medium length beamline with a 

bending magnet source. It is composed of an optics 

hutch, an upstream experimental hutch 1 (EH 1) 

located 42 m from the source, and downstream 

experimental hutches 2 (EH 2) and 3 (EH 3) located 

200 m from the source. The EH 2 and EH 3 are 

located in a medium length beamline facility. A 

monochromatic X-ray beam from a SPring-8 

standard double crystal monochromator is available. 

BL20B2 is mainly used for X-ray imaging such as 

X-ray microtomography and projection imaging. In 

EH 1, high spatial resolution and fast imaging 

experiments, which require a higher photon flux 

density, are performed. On the other hand, X-ray 

imaging experiments with a wide field of view are 

performed in EH 2 and EH 3 using an X-ray beam 

with a large cross section. In addition, phase 

contrast imaging based on a high spatial coherence 

of the beam generated by a long propagation 

distance from the source is also performed. As a part 

of the activities in this beamline, the measurement 

apparatuses and techniques for X-ray imaging were 

improved. In FY2018, high-spatial resolution X-ray 

phase tomography using a grating interferometer 

was developed. 

 

2. Development of high-spatial resolution X-ray 

phase tomography 

X-ray imaging using phase information can 

measure weak absorption materials such as 

biological soft tissues with a much higher image 

contrast compared with absorption-based imaging. 

X-ray phase tomography using an X-ray 

interferometer is a promising technique to visualize 

small density differences in soft tissues 

quantitatively, and three-dimensional (3D) density 

maps can be obtained with a density resolution of 

around 1 mg/cm3.  

An X-ray grating interferometer is an 

interferometric technique [1]. It is composed of two 

transmission gratings. One is a phase grating (G1), 

and the other is an absorption grating (G2). The 

moiré fringes generated by two gratings are used for 

phase measurements. The theoretical spatial 

resolution achieved in the grating interferometer 

depends on the grating pitch. Therefore, fine pitch 

gratings achieve high spatial resolution in phase 

imaging.  

To improve the spatial resolution in X-ray phase 

tomography, G1 and G2 with grating pitches of 2.4 

μm were introduced. G1 is made of nickel with a 

pattern thickness of 3.53 μm. G1 is designed to 

generate a π/2 phase shift at an X-ray energy of 20 

keV. On the other hand, G2 is made of gold with a 

pattern thickness of more than 20 μm. The pattern 

area size exceeds 30 mm × 30 mm in both gratings. 

G1 and G2 are made on a polyimide substrate and a 

graphite substrate, respectively. To evaluate the 

performance of the gratings, the visibility of the 

moiré fringe was measured at EH 1. In this 

measurement, the grating was set so that its pattern 

was parallel to the vertical direction. G2 set on a 

piezo stage was scanned to obtain the visibility 

curve. Figure 1 shows the visibility maps measured 

at third and fifth order fractional Talbot distance. 

Even in the fifth order fractional Talbot distance, a 

high uniformity and an average visibility of more 
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than 30% are obtained in an effective field of view 

of 16.3 mm (H) × 6 mm (V).  

 

 

Fig. 1. Visibility map in the effective field of view 

of 16.3 mm (H) × 6 mm (V) at (a) third and 

(b) fifth order fractional Talbot distances. X-

ray energy is 20 keV. 

 

In addition to the fine pitch gratings, a high-

definition CMOS camera was introduced. As a 

standard X-ray imaging detector, a visible light 

conversion type X-ray detector was used [2]. The X-

ray image onto the scintillator was converted into a 

visible light image and focused onto the camera 

device via an optical lens system. 

For relatively large field of view imaging with a 

large numerical aperture, a tandem lens system 

composed of two camera lenses is usually employed. 

The magnification factor in the tandem lens system 

can be easily changed by replacing the lens. The 

effective pixel size is defined by the magnification 

factor and the pixel size of the camera used. Since 

the effective field of view of the X-ray detector is 

defined by the effective pixel size and the number 

of pixels in the camera, a high-definition camera 

serves to keep a wide field of view even for a small 

effective pixel size.  

To combine with new gratings, the effective pixel 

size of the X-ray detector was set to be almost equal 

to the grating pitch. The X-ray imaging detector 

used to evaluate the X-ray phase tomography was 

composed of beam monitor 4 (AA60; Hamamatsu 

Photonics) and a high-definition CMOS camera 

(VCXU-201MR; Baumer). The effective pixel size 

was 2.43 μm when a camera lens with a focal length 

of 105 mm was installed just in front of the CMOS 

camera. In the phase tomographic measurement, the 

distance from the sample to the detector was set to 

600 mm where the grating interferometer operated 

in the fifth order fractional Talbot distance (232 mm 

at 20 keV) was installed between the sample and the 

detector. Figure 2 shows a photograph of the 

experimental setup using the new gratings and 

camera. 

As a demonstration of high spatial resolution X-ray 

phase tomography, a formalin-fixed rat brain was 

measured. The sample was measured in a specially 

designed container filled with water. The 

measurement condition in X-ray phase tomography 

was 900 projections, 5-step fringe scan for phase 

retrieval, and a 1-s exposure time per image. In this 

measurement, the offset scanning method was 

applied to extend the effective field of view. Figure 

3 shows the coronal section of the rat brain obtained 

from X-ray phase tomography. The structure of the 

hippocampus, small blood vessels, and nerve fibers 

are clearly observed compared with the previous 

measurement [3]. 

 

3. Summary 

X-ray phase tomography was improved by 

introducing fine-pitch transmission gratings for X-

ray interferometer and a high-definition camera in 

the X-ray imaging detector. Although the high-

definition camera used was not a scientific CMOS  
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Fig. 2. Photographs of the experimental setup for X-ray phase tomography using new gratings and a CMOS 

camera at experimental hutch 1. 

 

 

Fig. 3. Coronal section of a rat brain obtained from X-ray phase tomography with the effective pixel size of 

2.43 μm. Image size is 6,601 (H) × 4,393 (V) pixels (cropped from original image size of 10,413 × 

10,413 pixels). 

 

camera but a 12-bit CMOS camera, it was adequate 

for phase tomography with a high-density 

resolution. This might be due to some kinds of 

averaging effects in the phase measurement. This is 

based on the fact that a single-phase image consists 

of five individual images obtained from scanning 

G2 as a fringe scan. In the demonstration of X-ray 

phase tomography shown above, the exposure time 

for a single image was set to 1 s, which caused a 

relatively long measurement time.  

 

Masato Hoshino and Kentaro Uesugi 
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BL25SU 

(Soft X-ray Spectroscopy of Solid) 

 

1. Introduction 

BL25SU is dedicated to soft X-ray spectroscopic 

studies on the electronic and magnetic states and 

the surface structure of solids. After a major 

upgrade in FY2014, the beamline has two branch 

lines. The A-branch supports high-energy 

resolution measurements, while the B-branch is 

optimized for nano-focused beams with a small 

angle divergence [1-3]. The present status of the 

main beamline components is described below. 

 

2. Status of the beamline and experimental 

apparatuses 

2-1. Beamline 

X-ray intensities at several points in the beamline 

are regularly monitored to evaluate the condition 

of the beamline optics since the upgrade in 

FY2014. In the first year after the upgrade, the 

photon flux significantly decreased in the A-branch, 

especially at the carbon absorption edge (~280 eV). 

The flux decrease is caused by carbon 

contamination in the reflection surfaces of the 

pre-focusing mirrors and the diffraction grating. To 

solve this problem, we studied a new method to 

reduce the contamination. Clean Si/SiO2 shrouds 

can effectively slow the production rate of carbon 

contamination [4]. This indicates that the scattered 

electrons from the optical element do not generate 

carbon compounds on the surface of the mirrors 

and gratings by sputtering the Si/SiO2 surface, 

suggesting that the carbon compounds may come 

from the metallic parts used inside the vacuum 

chamber. We, therefore, plan to install the same 

type of the Si/SiO2 shroud into the beamline optics 

in the B-branch after re-cleaning the optical 

elements. A new varied-line-spacing plane grating 

with a grooving density of 300 line/mm will be 

installed in FY2019. 

 

2-2. Two-dimensional photoelectron spectros-

copy (A-branch first station) 

The apparatus has an analyzer, which can measure 

the wide-angle distribution of photoelectrons. 

Using this apparatus, unique methods such as  

surface-sensitive photoelectron holography [5], 

atomic orbital analysis by circularly polarized 

resonance photoelectron diffraction [6], and 

microscopic photoelectron diffraction [7] have been 

developed. Due to continuous maintenance, the 

apparatus is stably operating. 

 

2-3. Retarding field analyzer (RFA) (A-branch 

second station) 

Photoelectron diffraction (PED) or photoelectron 

holography makes it possible to study non-periodic 

local structures with multiple chemical states [8]. 

These techniques require wide-range photoelectron 

angular distribution patterns measured with an 

energy resolution high enough to resolve core level 

chemical shifts. Display-type RFAs can observe 

photoelectron angular distribution patterns with 

wide acceptance angles [9]. However, typical 

energy resolving power (E/ΔE) of conventional 

RFAs was ~100, which was insufficient for 

chemical-state-resolved PED. We developed a new 

high-resolution display-type RFA [10] and achieved 

E/ΔE of 1100 with an acceptance angle of ±49°. In 

FY2018, we constructed an end station equipped 
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with the RFA at the A-branch (Fig. 1) and opened 

it to public users. 

 

 

Fig. 1. RFA station constructed at the A-branch of 

BL25SU. 

 

2-4. Microbeam angle-resolved photoemission 

spectroscopy (ARPES) (A-branch third station) 

The capability of selecting flatly cleaved areas out 

of poorly cleaved sample surfaces is valuable for 

ARPES [11]. To enhance this capability, we 

developed a micro-ARPES system equipped with a 

DA30 analyzer of Scienta Omicron and a 

microfocusing mirror [12]. The grazing incidence of 

soft X-rays onto a sample surface can enhance the 

photoemission intensity [13]. Thus, we have 

employed a grazing incidence configuration. This 

implementation increased the photoemission 

efficiency more than ten times compared to our 

previous system. Even with a glancing angle of 5°, 

the smallest beam spot on a sample, which still has 

a photon flux tolerable for ARPES, is almost round 

with an FWHM of ~5 μm. A spot size of ~10 μm 

on a sample is typically used. This end station (Fig. 

2) was installed at the A-branch in January 2018 

and opened to public users in April 2018. 

 

Fig. 2. Micro-ARPES station constructed at the 

A-branch of BL25SU. 

 

2-5. Pulse magnet-type XMCD (B-branch first 

station) 

In an experiment using the pulse magnet–type 

XMCD apparatus, a long interval time of about 20 

min is required to generate 40 T in order to cool 

down the pulse magnet after each pulse generation. 

An X-ray shutter linked to the measurement 

system was installed to avoid unnecessary X-ray 

irradiation, which causes sample damage. In 

FY2018, the X-ray shutter system was modified so 

that it can be controlled by LabVIEW software for 

stable operations. 

 

2-6. Electromagnet-type XMCD (B-branch 

second station) 

This apparatus can selectively use low temperature, 

high temperature, and voltage/current application 

measurements. The combination of these methods 
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with the total electron yield (TEY), partial 

fluorescence yield (PFY), and transmission mode 

can realize a wide variety of experimental 

environments. To measure samples with a few μm 

size, we recently updated the manipulator with 

high-accuracy positioning encoders. 

 

2-7. Scanning soft X-ray microscope 

(nano-XMCD) (B-branch third station) 

The scanning soft X-ray microscope was 

developed with the support of the Elements 

Strategy Initiative Center for Magnetic Materials 

(ESICMM) funded by the Ministry of Education, 

Culture, Sports, Science and Technology (MEXT) 

of Japan [14]. This apparatus is unique and features 

nanoscale MCD imaging under high magnetic 

fields. It is intensively used to study permanent 

magnets, where the magnetic field dependent 

change in the magnetic domains clearly visualizes 

the microscopic origin of the demagnetization 

process [15]. In FY2018, the superconducting 

magnet was updated to a new cryogen-free type, 

which is manufactured by Cryogenic. Compared to 

the previous superconducting magnet, the stable 

range of the magnetic fields (8 T) is twice as wide. 

The estimated maximum ramping rate of the 

magnetic fields is 0.53 T/min. Software to measure 

the magnetic field dependence of the magnetic 

domains was upgraded so that a sequential 

measurement is possible when using a table listing 

the values of magnetic fields at which magnetic 

images should be measured. We are developing a 

new sample stage system for temperature 

dependent experiments. 

 

Fig. 3. New superconducting magnet for 

nano-XMCD at the B-branch of BL25SU. 
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BL27SU 

(Soft X-ray Photochemistry) 

 

1. Introduction 

BL27SU is a soft X-ray undulator beamline 

dedicated to soft X-ray spectroscopy and 

microscopy under normal ambient pressure 

(helium) or high-vacuum conditions. The beamline 

consists of two branches. The B-branch provides 

higher energy soft X-rays (2.1–3.3 keV) via a 

Si(111) double crystal monochromator, while the C-

branch, which is equipped with a varied-line-

spacing plane grating monochromator (VLS-PGM), 

provides lower soft X-ray radiation in the 0.17–2.2 

keV range. Here, we report an update of the VLS-

PGM in FY2018. 

 

2. Update of VLS-PGM installed on BL27SU 

The monochromator installed in the C-branch is a 

Hettrick-type varied-line-spacing plane grating 

fixed deviation instrument [1]. The VLS-PGM 

consists of an entrance slit (S1), spherical mirrors 

(M21, M22), three gratings (G1, G2, G3), and exit 

slit (S2). The two spherical mirrors and three 

gratings allow an energy range from 0.17 keV to 2.2 

keV to be scanned. VLS-PGM was installed in 1998, 

and the precision drive system has deteriorated after 

20 years of use. In FY2018, we updated the main 

chamber and scanning mechanics of VSL-PGM 

during the summer shutdown.  

Figure 1 shows a photograph of the new 

monochromator chamber. This upgrade did not 

change the optical parameters, and the previously 

used optics (focusing mirrors and gratings) were re-

used after a surface cleaning. The previous 

monochromator could have three gratings, but 

 

Fig. 1. Overview of new monochromator chamber 

installed on BL27SU. 

 

the new monochromator chamber can support four 

gratings. Therefore, we added a new G1 grating 

with a gold-coated surface to improve the 

reflectivity (Fig. 2 and Fig. 3). In addition, because 

a vacuum leak was suspected in the water-cooling 

system of the previous entrance slit (S1), S1 and its 

vacuum chamber were also replaced. Besides 

maintenance and replacement of aging equipment, 

the following improvements were made to enhance 

the monochromator performance. 

 

2-1. Upgrade of the mirror moving system 

In the previous monochromator, when switching the 

optical elements, both the gratings and focusing 

mirrors moved horizontally on a rail. Hence, optical 

elements could not move vertically in the vacuum 

chamber, creating a serious limitation because the 

focusing mirror could not be adjusted to the 

optimum height position with respect to the incident 

photon beam. 
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Fig. 2. Photograph of the four installed gratings 

with a new cooling system. 

 

 

Fig. 3. Photon flux curve of BL27SU C-branch 

before and after the upgrade. 

 

This problem decreased the photon flux because 

photons were missed at the focusing mirror (M21). 

In this upgrade, we modified the moving 

mechanism to move M21 in the vertical direction. 

As a result, M21 can now be adjusted to the correct 

position in a vacuum. 

 

2-2. Upgrade of the cooling system 

In the previous monochromator, to prevent 

vibrations caused by the flow of cooling water, an 

indirect cooling system using a liquid metal (InGa) 

bath was adopted to cool the optical elements. 

Because this system cannot bake the vacuum 

chamber at high temperatures, the pressure of the 

previous main chamber was insufficient for X-ray 

optics use (1 × 10-6 Pa), and the optical element 

suffered from carbon contamination. In this upgrade, 

we introduced a cooling system that cools the optics 

by a water-cooling plate (Fig. 2). The water cooling 

pipes are connected in series among each cooling 

plate without a liquid metal bath, and the optical 

elements are cooled by flowing water through 

cooling pipes at a flow rate of about 300 ml/min. 

 

2-3. Baking of the optical elements 

In addition, we applied a novel optics baking 

method using X-rays, which is called offset-baking. 

During offset-baking, the X-ray beam axis is 

slightly offset by adjusting the pre-mirror. Under 

this condition, X-rays are irradiated on each optic at 

a position that is shifted about 5 mm from the 

original irradiation position. Consequently, carbon 

contamination to the regular irradiation position on 

the focusing mirrors and gratings during baking can 

be prevented.  

The front-end slit was initially set at 0.4 mm, and 

was expanded gradually to 2.2 mm [2]. Offset-

baking was performed for 162 h. With the 

introduction of a new cooling system and the offset-

baking method, the base pressure of the main 

chamber was 6 × 10-8 Pa. This pressure can be 

maintained on the order of 10-7 Pa during the 

measurement. 

 

2-4. Commissioning results  

Figure 3 shows the photon flux curve before and 

after the upgrade. Each flux curve was determined 

by measuring the photocurrent at the sample 

position using a Si-PIN photodiode. Especially, the 
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photon flux increases in the energy region above 1 

keV due to the accurate alignment of M21 and the 

introduction of a gold-coated grating. The sharp 

peak around 800 eV in the photon curve of the 

previous monochromator was due to stray light that 

missed the incident photons by M21. In the photon 

flux curve obtained after the upgrade, the lack of the 

peak indicates that M21 is adjusted to the correct 

position. 

The energy resolution was confirmed to be E/ΔE > 

10,000 at 400 eV (G2) by the total ion yield (TIY) 

measurement of N2 gas and at 870 eV (G1) by that 

of Ne gas. Simultaneously, it was confirmed that the 

cooling water does not generate a vibration that 

reduces the monochromator performance. The 

cooling power of the new cooling system to heat 

load was evaluated by measuring the peak shift of 

the TIY spectrum. The peak shift was 20 meV / 3 h.  

The monochromator chamber was updated during 

the 2018 summer shutdown. In the energy region 

above 1 keV, the photon flux is enhanced about ten-

fold. In addition, offset baking and improved 

pressure should reduce the carbon contamination of 

the optical elements. We will continue to monitor 

the changes in the photon flux. 
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BL28B2 

(White Beam X-ray Diffraction) 

 

1. Introduction 

BL28B2 is a bending magnet beamline that uses 

white X-ray beams from a bending magnet source 

without passing through a monochromator or other 

optical devices. This beamline is used in several 

research fields, including (1) X-ray diffraction, (2) 

dispersive-type time-resolved X-ray absorption fine 

structure (DXAFS), (3) microbeam radiation 

therapy (MRT), and (4) X-ray imaging. Therefore, 

various experiments such as biological functional 

imaging with small animals, fundamental research 

for radiation therapy, evaluation of structural 

materials using white X-ray diffraction and imaging, 

observations of dynamic structural changes during 

chemical reaction processes in catalysis and fuel 

cell batteries using time-resolved energy-dispersive 

XAFS, and three-dimensional observations of 

metallic objects using high-energy X-ray 

microtomography can be performed. To improve 

measurement techniques using this beamline, 

research and development of experimental 

techniques and instruments were conducted. The 

main activities in FY2018 are described below.   

 

2. Beamline upgrades  

2-1. X-ray diffraction: Introduction of new 

detector for white X-ray diffraction 

In normal strain measurements and mineral 

identification in the region of interest inside the 

sample via energy-dispersive X-ray diffraction, X-

ray CT is performed to understand the whole 

condition of a sample prior to the main 

measurement. As for the capability of the beamline, 

a sample with a diameter of several tens of 

millimeters can be measured using high-energy X-

rays. However, CT images of thick samples could 

not be measured due to the narrow field of view of 

the detector. Therefore, a new camera was 

introduced (Fig. 1). The camera is an imaging unit 

M11427-62 from Hamamatsu Photonics with a field 

size of 28 mm. Hence, samples with a diameter of 

about 28 mm can now be evaluated. 

 

Fig. 1. New imaging unit M11427-62 from 

Hamamatsu Photonics. 

 

2-2. DXAFS: Optimization of the phosphor 

screen for DXAFS detector 

DXAFS is a powerful tool for local structure and 

chemical state analyses of materials during 

chemical reactions. In DXAFS measurements, the 

energy resolution and time resolution depend on the 

spatial resolution and X-ray sensitivity of the 

position-sensitive detector (PSD) for the detection 

of dispersed X-ray. The PSD used in the DXAFS 

station at BL28B2 is composed of a two-

dimensional detector coupled with P43 (Gd2O2S: 

Tb+) phosphor screen and a lens system. The spatial 

resolution and X-ray detection sensitivity of the 

detector depend on the particle diameter and  
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Fig. 2. (a) Fe K-edge DXANES spectra of Fe foil (horizontal axis is not converted to energy) and (b) the 

sensitivity of the detector. 

 

thickness of the phosphor screen. To measure a wide 

energy range, in FY2018 we optimized the 

phosphor screen for the detector, which was 

developed in FY2016 [1]. 

Figure 2 shows a Fe K-edge (7.1 keV) DXANES 

spectra of Fe foil and the sensitivity of the detector 

when directly irradiated with an X-ray beam. As the 

particle diameter or thickness of the phosphor 

screen increases, the energy resolution decreases. 

On the other hand, the sensitivity of the detector 

increases with the particle diameter and a phosphor 

screen thickness in the range of 30–50 μm. In the 

future, we plan to upgrade the phosphor screen for 

DXAFS measurements in the high energy region. 

 

2-3. Micro-CT: High-efficient and high-

definition X-ray microtomography in the 200-

keV region 

A visible light conversion–type X-ray imaging 

detector with a tandem lens system is used for high-

energy X-ray microtomography in the 200-keV 

region. This is because the extremely high 

penetration power of high-energy X-rays damages 

the imaging device in an in-line X-ray detector such 

as a direct imaging type X-ray camera. On the other 

hand, high-energy X-rays also penetrate a thin 

scintillator. Therefore, optimization of the 

scintillator is an important issue to improve the 

measurement efficiency. In previous measurements, 

a 20-μm-thick P43 powder scintillator was used 

where the photoelectric absorption by the 

scintillator was less than 0.5% at 200 keV [2]. In 

FY2018, a 500-μm-thick Lu3Al5O12:Ce+ (LuAG) 

single-crystal scintillator was introduced. Using a 

thick scintillator, the exposure and total 

measurement times are reduced to approximately 

1/7 of that in the previous measurements.  

To evaluate the spatial resolution when using a thick 

scintillator, the modulation transfer function (MTF) 

was measured using a test chart (Type-14 Moriyama 

X-ray Equipment). Figure 3 shows the measured 

MTFs. Although the image contrast in LuAG is 
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lower than that in P43 in the lower frequency region, 

almost the same spatial resolution is obtained in the 

thick scintillator. Additionally, a high-definition 

CMOS camera was introduced. Since the effective 

field of view can be defined by the effective pixel 

size and the number of pixels, the high-definition 

camera makes it possible to measure samples with a 

higher spatial resolution while maintaining a wide 

field of view. By combining the single-crystal 

scintillator with the high-definition camera, the 

throughput of raw data is increased approximately 

ten times compared with that in FY2017.  

 

 

Fig. 3. Modulation transfer function measured 

when using a 500-μm-thick LuAG single-

crystal scintillator and a 20-μm-thick P43 

powder scintillator. Effective pixel size is 16 

μm. 

 

As a demonstration of highly efficient and high-

definition X-ray microtomography, a limestone 

larger than 20 mm was measured with an effective 

pixel size of 2.36 μm. Figure 4 shows a sectional 

image of the limestone. A detailed structure of the 

inclusion is clearly observed. In the future, large 

field of view measurements for fossil samples, 

which are promising candidates for high-energy X-

ray microtomography applications, as well as 

feasibility studies on the high-energy X-ray 

microtomography with a higher spatial resolution, 

will be considered. 

 

 

Fig. 4. Sectional image of a limestone measured 

with an effective pixel size of 2.36 μm. 

Effective field of view is 24.9 mm × 24.9 

mm (10,549 × 10,549 pixels). 
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BL35XU 

(High-Resolution lnelastic Scattering) 

 

1. Overview 

BL35XU investigates dynamics in materials using 

inelastic X-ray scattering. The beam time is devoted 

to non-resonant high-resolution inelastic X-ray 

scattering (IXS) measurements, where a Si 

backscattering monochromator is utilized in 

accordance with the high-order reflection. The 

operated energy resolution is mainly around 1.5 

meV (h=21.747 keV, using the Si(11 11 11) 

reflection) and 3 meV (h=17.794 keV, using the 

Si(9 9 9) reflection).  

Versatile measurements are conducted for both 

crystalline and disordered materials. The cylindrical 

mirror provides a beam size of < 100 m × 100 m 

(FWHM), which greatly benefits measurements for 

small samples with a size of < 1 mm3. Furthermore, 

due to the additional focusing system using the KB 

mirror, a smaller beam size of < 20 m × 20 m 

(FWHM) is available, which allows measurements 

in extreme conditions such as high temperature with 

high pressure (in a diamond anvil cell). 

 

2. Stabilization of the analyzer temperature 

readings 

The analyzer temperature should be precisely 

estimated since the energy shift in IXS 

measurements is determined by the temperature 

difference between the backscattering 

monochromator and analyzers. BL35XU has 12 

analyzers for IXS measurements, and the 

temperature is monitored using two thermistors at 

each analyzer. These thermistors are read out using 

a four-wire method.  

We replaced the temperature reading system with a 

new one, which consists of a new channel box and 

digital multimeter (Fig. 1). This box and multimeter 

measure the temperature of all the thermistors 

around the analyzers (a total of thirty thermistors, 

including six thermistors for the cooling water 

paths).  

 

 

Fig. 1. New reading system for the analyzer 

temperature. 

 

 

Fig. 2. Results of the analyzer temperature 

measurements. Red line indicates the result 

obtained by the new reading system, while 

the black indicates the result by the previous 

system. 
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After the optimization, the obtained temperature in 

the new system was stabilized (Fig. 2, red line). In 

particular, spike noises, which were observed in the 

previous system (Fig. 2, black line), almost 

disappears. 

 

3. Development of a compact heating system 

We developed a new heating system with a compact 

size of 35 mm (Fig. 3). The sample is heated by 

two ceramic heaters through radiation, and the 

system is operated in nitrogen or air. The maximum 

sample size is ~ 0.5 mm × 0.5 mm × 0.5 mm, and 

the maximum temperature is 500 °C (773 K). The 

temperature is monitored using a K-type 

thermocouple located near the sample position. The 

windows are made of Kapton (a transparent 

polyimide film), and the sample can be observed 

easily even while heating. 

  

Fig. 3. New compact heating system. 
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BL37XU 

(Trace Element Analysis) 

 

1. Introduction 

BL37XU is a hard X-ray undulator beamline for 

trace element analysis. It is used for various X-ray 

spectroscopy methods like scanning X-ray 

microspectroscopy, full-field spectroscopic imaging, 

depth-resolved XAFS, and ultra-trace element 

analysis. Using these methods, research is actively 

conducted to elucidate the properties and functions 

of materials through analyses of the morphology, 

element distribution, chemical state, and local 

structure. There were no serious troubles in 

BL37XU in 2018, and almost all users completed 

their user time as scheduled.  

In FY2018, the following features and pieces of 

equipment were installed to improve high-speed 

scanning micro XRF/XAFS measurements: (1) X-

ray coaxial observation optical microscopy to 

simply adjust samples and simultaneous 

observations during X-ray measurements, and (2) a 

new Kirkpatrick-Baez (KB) mirror system to 

expand user activities in the higher-energy region. 

 

2. X-ray coaxial observation optical microscopy 

Previously, the scanning X-ray microspectroscopy 

was performed using sample position coordinates 

determined with an optical microscope located 

outside the experimental hutch, but this had 

problems with sample position repeatability. 

Therefore, an X-ray coaxial observation optical 

microscope (ULWZ-200M; Sigma Koki) was 

installed to adjust the sample position smoothly and 

accurately. 

Figure 1 shows the layout of the scanning X-ray 

microspectroscopy measurement system. The 

optical microscope has an aluminum flat mirror 

with 2-mm pinhole, which is inserted between the 

KB mirrors and the sample holder. The optical 

magnification can be changed from ×0.58 (FOV: 

13.8 mm) to ×7 (FOV: 1.1 mm) by a remote control 

for easy sample adjustments. The X-ray passes 

through the pinhole and the optical microscope can 

be used during scanning X-ray microspectroscopy 

measurements. Consequently, the sample 

adjustment is simplified and simultaneous 

observations during X-ray measurement are 

available. 

 

Fig. 1. Layout of the scanning microscopic 

XRF/XAFS measurement system. 

 

3. High-energy 100-nm focusing KB mirrors 

The previously available focused beam size of the 

scanning X-ray microspectroscopy measurement at 

BL37XU was 100 nm at 4.5–15 keV [1] and 300–

500 nm at 15–37.5 keV [2]. In these conditions, it is 

impossible to separate the rare earth elements L-line 

XRF and 100-nm imaging of a fifth periodic 

element, which is important in materials research 

and catalytic reactions. To enable a 100-nm 

microspectroscopy imaging of these elements, we 

developed the KB mirrors (JTEC) for high-energy 

regions. 
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Table 1 shows the design parameters of high-energy 

100-nm KB mirrors. The vertical source point is an 

insertion device (source size: 14.9 μm), while the 

horizontal source point is a secondary source slit 

(source size: 9.4 μm) located at the directly attached 

flange downstream of double-crystal 

monochromator (DCM). A surface of the mirror is 

striped with Rh and Pt coatings, and the coating can 

be selected according to the measurement target. 

The X-ray reflectivity at 50 keV is about 40% using 

the Pt coating surface, and a 100-nm focused beam 

is available up to an energy of about 55 keV. Figure 

2 shows the focused beam profiles at 50 keV by a 

knife-edge test with a Ta blade. Table 2 shows 

examples of a 100-nm-focused beam using surface 

of Pt coating. The photon flux of 100-nm-focused 

 

Table 1. Design parameters of the focusing mirrors 

 Horizontal focusing mirror Vertical focusing mirror 

Surface shape elliptic 

Substrate material silicon 

Surface coating (thickness) stripes of Rh and Pt (100 nm) 

Mirror size 200 × 50 × 50 mm3 150 × 50 × 50 mm3 

Glancing angle at center 1.6 mrad 1.5 mrad 

Distance from undulator 76,815 mm 77,000 mm 

Distance from secondary slit 33,900 mm 34,085 mm 

Focal length 360 mm 175 mm 

Acceptance size 320 μm 225 μm 

Height error < 0.8 nm RMS 

Surface roughness < 0.35 nm RMS < 0.5 nm RMS 

 

 

 

Fig. 2. Focusing beam profiles at 50 keV. 
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Table 2. Typical beam size and photon flux 

Energy / keV Monochromator 
Beam size / nm Photon flux / 

photons s-1 Horizontal Vertical 

7 

Si(111) 

128 110 9.3×109 

15 99 103 2.6×1010 

20 169 114 3.1×1010 

30 91 93 6.9×109 

37.5 93 112 5.1×109 

45 
Si(511)-Si(333) 

152 80 1.2×108 

50 85 128 4.5×107 

 

beam is 109–1010 photons/s at 15–37.5 keV, which 

use Si(111) DCM, and 107–108 photons/s at 37.5–

50 keV, which use Si(511)-(333) DCM. 

Consequently, a 100-nm spatial resolution two-

dimensional scanning microspectroscopy 

measurement is available over a wide energy range 

of 4.5–55 keV, and BL37XU will be used for 

various (trace) element measurements. 

 

Kiyofumi Nitta and Oki Sekizawa 
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Imaging Division, Center for Synchrotron 

Radiation Research, JASRI 
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BL38B1 

(Structural Biology III) 

 

BL38B1 at SPring-8 is a bending magnet beamline 

suitable for high throughput macromolecular 

crystallography (MX) data collection at a cryogenic 

temperature (CT) using crystals larger than 100 μm. 

The optics of this beamline consist of the SPring-8 

standard Si(111) double crystal monochromator 

(DCM) and a vertically bent cylindrical mirror. The 

available energy range is 6–17 keV, and the photon 

flux is 8.6 × 1010 photons/s at 12.4 keV. In addition 

to CT data collection, room temperature (RT) data 

collection using the humid air and glue coating 

(HAG) method [1, 2] is available. We also developed 

an X-ray topography measurement system as a tool 

for qualifying protein crystals. In FY2017, we 

upgraded the beamline optics to increase both the 

photon flux and photon density by installing 

asymmetrically cut Si(111) crystals in DCM, a 

capillary lens, and a beam-defining aperture-insert 

system composed of a tantalum plate with various 

sized pinholes. Lightweight and compact κ and φ 

goniometers were also developed for accurate 

diffraction data collection [3].  

In FY2018, we implemented the following 

upgrades and developments. 

 

1. Installation of a pixel array detector 

The detector was replaced with a pixel array 

detector (PAD), Pilatus3 6M (Fig. 1). Pilatus3 6M 

can read out images with a maximum frame rate of 

100 frames/s, which is much faster than that of the 

charge-coupled device detector that required a 

reading time of 1–2 s/frame. With Pilstus3 6M, 

more efficient measurements are possible in 

combination with an increased photon flux and 

photon density due to the upgraded beamline optics. 

 

 

Fig. 1. Overview of the diffractometer in BL38B1. 

 

2. Development of beamline optics using 

asymmetrically cut Si(111) crystals 

After introducing the asymmetric crystal of 6.33° in 

DCM, the photon flux increased from 8.45 × 1010 

photons/s (at 13.78 keV) to 2.22 × 1011 photons/s (at 

13.78 keV). However, the available energy was 

restricted below 14.59 keV due to the incident angle 

limitation. Therefore, we installed new 

asymmetrically cut Si(111) crystals whose 

asymmetric arrangement is decreased to 4.40° to 

enable the use of energy above 14.59 keV. The 

available energy range is extended up to 16.98 keV. 

It also increases the photon flux to 1.46 × 1011 

photons/s at 13.78 keV (Fig. 2). 

Furthermore, a new crystal holder for the 1st crystal 

was developed. In the former holder, several parts 

had to be assembled prior to use, which deteriorated 

the reproducibility of crystal positioning in DCM. 

To fix the problem, all parts are made of bronze and  

integrated into one in the new holder (Fig. 3). 
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Fig. 2. Comparison of the photon flux of symmetric 

(blue), asymmetric 4.40° (red), and 

asymmetric 6.33° (green) cut crystals in 

DCM. 

 

 

Fig. 3. Crystals and new first folder of integrated 

type for asymmetric 4.40° Si(111) first 

crystal installed in DCM at the optics hutch. 

 

3. Development of beam monitor for automated 

alignment system. 

Previously, a coaxial camera was used to adjust the 

X-ray beam path onto the sample position by 

observing the beam from the upper stream of the 

sample (Fig. 4(a)). However, the coaxial camera 

cannot be used to align the beam collimated by the 

capillary lens and the Ta pinholes. The capillary lens 

exclusively shares the position with the coaxial 

camera and the pinholes plate (Fig. 4, magenta), 

blocking the view of the coaxial camera (Fig. 4(b)). 

Therefore, we developed a new small beam monitor, 

which can observe the beam form downstream of 

the sample position (Fig. 5). In the future, we will 

develop an automatic alignment system of X-rays to 

measure the sample position using this beam 

monitor. 

 

 

Fig. 4. Overview of the sample position layout. (a) 

Sample mounting environment in the 

sample-alignment mode. (b) Inserted to the 

Ta pinholes plate (magenta) for beam-

defining and capillary lens (cyan) for 

capillary-focusing mode. 

 

 

Fig. 5. New compact beam monitor. Outside YAG 

phosphor is used to adjust the X-ray position 

from the coaxial camera. Inside YAG 

phosphor is used to adjust the Ta pinholes 

plate and capillary lens. 
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BL39XU 

(Magnetic Materials) 

 

1. Introduction 

BL39XU is a hard X-ray beamline dedicated to the 

study of magnetic materials and strongly correlated 

systems. Techniques include X-ray absorption 

spectroscopy (XAS), X-ray magnetic circular 

dichroism (XMCD), X-ray emission spectroscopy 

(XES), and resonant X-ray magnetic scattering. Our 

recent developments have supported X-ray 

spectroscopy measurements under multiple extreme 

conditions and scanning XAS/XMCD imaging 

using a nano-focused X-ray beam. These techniques 

are available for user experiments, and further 

developments are ongoing. In FY2018, 

(1)  additional analyzer goniometers of the XES 

spectrometer were installed to complete the 

mechanical system for 15 crystals and an auto-

tuning program of analyzer crystals was developed, 

(2) the electromagnet for XMCD measurements 

under multiple extreme conditions was upgraded. 

 

2. Experimental station for X-ray spectroscopy 

under multiple extreme conditions 

2-1. X-ray emission spectrometer with multiple 

analyzer crystals 

To study the electronic and magnetic states of 

strongly correlated electron systems, 

instrumentations for X-ray spectroscopy under 

multiple extreme conditions such as high/low 

temperature, high magnetic field, and high pressure 

are progressing at BL39XU [1]. Particularly, XES is 

a powerful tool to obtain detailed information about 

electronic states such as valence, spin, and 

coordination states. However, an accurate XES 

spectrum of trace elements may take a long time to 

acquire because the emission signals are generally 

weak. To overcome this problem, we have been 

developing a high-efficiency XES spectrometer 

equipped with multiple analyzer crystals since 

FY2016.  

Figure 1 shows a schematic of the XES 

spectrometer equipped with 15 analyzer crystals to 

detect X-ray emission signals in a solid angle as 

large as 100 mSr. The spectrometer has three towers, 

each of which can mount a set of five analyzer 

crystals. A dedicated vacuum chamber (not shown) 

will be installed to provide a vacuum environment 

for the towers and the analyzer goniometers. The 

spectrometer was installed in the downstream space 

of the experimental hutch 1 in December 2017 and 

opened to users in 2017B. The initial operation 

began with five analyzer crystals mounted on the 

central tower. Instead of a vacuum chamber, an 

acrylic chamber filled with helium gas is placed on  

 

Fig. 1. Schematic of the X-ray emission 

spectrometer with 15 analyzer crystals. It has 

three sets of towers, each of which mounts 

five crystals. All the towers and goniometers 

can be put into a vacuum chamber. 

Scattering angles can be changed between 

90±60°. 
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the X-ray paths of sample-to-analyzer and analyzer-

to-detector to avoid degradation of X-ray emission 

intensity. Crystals of Si nnn, Si nn0, Ge nnn, Ge nn0, 

and Ge 331 are available to select the X-ray 

emission energy. 

To further improve the sensitivity and detection 

efficiency of the XES spectrometer, two goniometer 

towers each with five analyzer crystals were added 

on both sides of the existing central tower in March 

2019. Thus, the mechanical system of the 

spectrometer designed for 15 analyzer crystals is 

now complete. In FY2019, the vacuum chamber 

will be constructed for the goniometer towers and 

the 15 crystals will be available with Ge nnn crystals.  

Increasing the number of analyzer crystals may 

increase the time and complexity of adjusting the 

spectrometer system. To reduce the adjustment time, 

software for auto-tuning of the analyzer crystals 

was developed. Figure 2 shows the spectral profiles 

of the Eu Lα1 emission line in a Eu3Fe5O12 sample, 

which was measured with five Ge 333 analyzer 

crystals automatically tuned with the software.  

X-ray beams reflected from the five analyzer 

crystals are collected by a PILATUS 100K image 

detector. The angles of the crystals are tuned so that 

the reflected X-ray beams are placed at nearly the 

same position on the image detector. Figure 2 shows 

the profiles of the image intensities integrated over 

a fixed region [33 pixels (~5.7 mm) in the vertical 

and 195 pixels (~33.5 mm) in the horizontal 

directions] as a function of the crystal angle. The 

result demonstrates that all the profiles exactly 

overlap. Thus, the software can adjust the angle of 

analyzer crystals with errors of < 0.004°, 

corresponding to the error in the X-ray emission 

energy of < 0.1 eV. The current version of the 

software does not offer an automatic adjustment 

 

Fig. 2. Scanning result of Ge 333 analyzer crystals 

after automatic tuning. X-rays at an incident 

photon energy of 10 keV are irradiated to a 

Eu3Fe5O12 sample, and the Eu Lα1 (3d5/2–

2p3/2) emission is detected. Origin of the 

horizontal axis Δθ is a center of emission 

energy decided by the auto-tuning program. 

 

feature of the focal points of the crystals. We plan to 

improve the software to extend the auto-tuning 

function to all 15 analyzer crystals along with a 

function for a focal point adjustment. 

 

2-2. High-field electromagnet with a large 

sample space 

X-ray absorption spectroscopy in the hard X-ray 

region offers a unique opportunity to investigate the 

electronic and magnetic states of matter under 

various environments. (strong magnetic field, 

high/low temperature, and high pressure, etc.) Table 

1 shows the sample environments available for X-

ray spectroscopy measurement at BL39XU. A 

dedicated electromagnet is used with cryostat 

and/or diamond anvil cells (DACs) to generate an 

environment with a magnetic field of 0.6 T at a 

temperature of 20 K and pressure up to 200 GPa. 
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For experiments requiring a higher magnetic field 

and lower temperature, a superconducting magnet 

with a miniature DAC (Mini-DAC) is available, and 

multiple extreme conditions of 7 T, 2 K, and 20 GPa 

can be produced simultaneously.  

The merit of the electromagnet is that it has a 

sample space (~45 mm) larger than that of the 

superconducting magnet. This allows the use of a 

large-size DAC with the electromagnet and 

provides a much higher pressure. The large sample 

space makes it easier to build an experimental setup 

that can combine various kinds of external fields 

such as an electric field, electric current, and optical 

lasers. The fast sweeping of the magnetic field is 

another useful feature of the electromagnet. 

However, the maximum magnetic field is limited to 

0.6 T when used with large DACs.  

To enhance the advantage of the experimental setup 

with the existing electromagnet, a new 

electromagnet, which can combine an additional 

large sample space and a magnetic field much 

higher than that currently available, was installed. 

Figure 3 shows the new electromagnet. Table 1 

compares the features of the existing and new 

electromagnets and superconducting magnet. The 

new electromagnet has a high compatibility with 

existing apparatuses, including the large DAC with 

nano-polycrystalline diamond anvil cells, high-

power 3-K cryostat, high-temperature cryostat 

(~500 K), and four-element silicon drift detector 

with high detection efficiency. The use of the new 

electromagnet allows an expanded sample 

environment for X-ray spectroscopy under multiple 

extreme conditions, extending the advantages to 

high-sensitivity XMCD measurements at BL39XU.  

This upgrade should inspire research in materials 

science, magnetism, and spintronics. Potential 

applications include the development of high-

performance permanent magnets with little use of 

rare earth elements such as Dy, elucidation of the 

functions of strongly correlated materials, 

development of spintronics and magnetic storage 

devices operated under external electric and  

magnetic fields, and studies on peculiar magnetism

 

Table 1. Sample environments available for X-ray spectroscopy measurement at BL39XU. 

 Existing electromagnet New electromagnet 
Superconducting 

magnet 

Poles gap (mm) 45 10 45 10 5 
30 mm  

(Sample room dia.) 

Magnetic field (T) 0.6 2.0 1.5 3.1 3.4 7 

Lowest temperature 

(K) 

11 

(He-flowing) 

3 

(Pulse-tube) 

20 

11 

(He-flowing) 

3 

(Pulse-tube) 

20 300 2 

Maximum pressure 

(GPa) 

> 170 (300 K) 

(Large DAC) 

~ 40 (11 K) 

(Mini-DAC) 

A.P. 

> 170 (300 K) 

(Large DAC) 

~ 40 (11 K) 

(Mini-DAC) 

A.P. A.P. 
~ 40 

(Mini-DAC) 
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Fig. 3. New electromagnet for X-ray spectroscopy 

experiments under extreme conditions. 

 

emerging under high pressure. The electromagnet 

was installed in FY2018, and will be available for 

user experiments in 2019B after commissioning at 

the Station for X-ray Spectroscopy under multiple 

extreme conditions. 

 

3. Experimental station for X-ray 

nanospectroscopy 

At the X-ray nanospectroscopy station in 

experimental hutch 2, a scanning hard X-ray 

nanoprobe is developed for XAFS/XMCD 

microscopy [2]. Kirkpatric and Baez (KB) mirror 

optics are used to generate a circularly polarized and 

focused X-ray beam with a typical spot size of 100 

nm × 100 nm between 5 keV and 16 keV.  

An X-ray magnetic tomography technique was 

developed [3] to observe the three-dimensional (3D) 

magnetic domain structure in ferromagnetic 

samples. Further improvements of this technique 

are ongoing to enable 3D magnetic imaging under 

external magnetic fields with an electromagnet. The 

X-ray magnetic tomography technique can be 

applied to various ferromagnetic materials, 

including practical permanent magnets with 

sintered structures. 

Time-resolved XMCD measurements with a spatial 

resolution of 100 nm and a time resolution of 50 ps 

were developed. An X-ray chopper selects X-ray 

pulses generated from the hybrid electron-bunch 

structure at SPring-8. Thus, pump-probe time-

resolved measurements are feasible [4, 5]. Using this 

technique, element-specific and time-domain 

observations of the excitation of the large-amplitude 

spin precession in the Co/Pt multilayer in the 

nonlinear regime of the ferromagnetic resonance 

were realized [5]. This time-resolved XMCD 

microscopy technique will be applied to study high-

frequency magnetic devices and magnetic memory 

devices with high-speed operations. 
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BL40XU 

(High Flux) 

 

BL40XU mainly utilizes the fundamental peak of a 

helical undulator radiation as a 

quasi-monochromatic X-ray beam without a 

crystal monochromator. The fundamental 

undulator radiation has an energy peak width of 

2%, and a flux as high as 1 × 1015 photons/s at 12 

keV. Utilizing these beam characteristics, various 

experiments such as diffraction, scattering, XAFS, 

and imaging are conducted. Experimental hutch 

(EH) 1 is used for various experiments, while EH 2 

is used for crystallography and pump-probe 

experiments. 

 

1. EH 1 

EH 1 is used for time-resolved X-ray diffraction, 

X-ray single-molecule measurements, and 

microbeam diffraction/scattering experiments on 

mainly bio-soft materials. In FY2018, we 

evaluated the features of the quasi-monochromatic 

X-ray beam, which is also known as a pink beam, 

for bio-soft materials by comparing the results 

obtained by a monochromatic X-ray beam. The 

channel-cut monochromator (Si 220) can be 

moved in and out of the X-ray path (Fig. 1 (a)). We 

compared protein SAXS profiles by in-line Size 

Exclusion Chromatography SAXS (SEC-SAXS) 

measurements, which can resolve components in 

polydisperse mixtures for SAXS analysis. The 

protein solution, bovine serum albumin (BSA), 

was injected to the SEC-column (Superdex 200 

10/300GL) with a flow rate of 0.5 ml/min with a 

Tris buffer (50 mM Tris-HCl, 150 mM NaCl, 

pH=7.5), the eluted solution flowed into a quartz 

capillary (2-mm diameter) for SAXS 

measurements (0.5-s exposure, 1.2-s interval, 

X-ray shutter controlled by a galvanometric motor 

type shutter). The absorbance (280 nm) of the 

eluted solution was recorded between the 

SEC-column and the quartz capillary by UV 

monitoring (Bio-Rad).  

 

 

Fig. 1. (a) SEC-SAXS analysis with and without 

the channel-cut monochromator. (b) Elution 

profile of the BSA solution and Guinier 

analysis under SEC-SAXS. (c) Comparison 

of SAXS profiles of the BSA monomer 

with different X-ray sources. 

 

Figure 1 (b) shows the elution profile evaluated by 

UV absorbance and the results of Guinier analysis. 

The absorbance profile contains three peaks. The 

second and third peaks correspond to the dimer 
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and monomer of BSA, respectively [1]. The result 

of Guinier analysis with the pink beam (with 

1.75-mm-thick Al absorber) and the 

monochromatic beam showed the same tendency. 

The radii of gyration obtained by monochromatic 

and pink beam were 27.5 ± 0.3 Å and 27.0 ± 0.7 Å 

(monomer) and 40.6 ± 1.7 Å and 41.3 ± 2.6 Å 

(dimer), respectively. The SAXS profiles 

overlapped within q-range up to 0.15 Å-1 (Fig. 1 

(c)), and the results are consistent with previously 

published and deposited results in SASBDB [2] 

(SASDBK3 for dimer and SASDBJ3 for 

monomer). Hence, the difference in the 

SEC-SAXS results obtained by the pink beam and 

the monochromatic beam is small, at least for 

protein-SAXS measurements. Hence, the pink 

beam can be used when radiation damage of the 

sample is a concern. 

The photon flux after the channel-cut 

monochromator (12.4 keV) is about 2 × 1012 

photons/s, and the variance of flux is 0.5% during 

one series of the experiment (0.5-s exposure, 1.2-s 

interval, 2,000 times) (0.2% for pink beam). The 

channel-cut monochromator system is useful for 

users who need time-resolved WAXS/SAXS 

simultaneous measurements since there is a limited 

number of public undulator beamlines for such 

measurements at SPring-8. 

We installed a photon-counting area detector, Eiger 

2S 500k (Dectris), mainly for the WAXS detector 

in WAXS/SAXS simultaneous measurements. (See 

Table 1 in BL40B2’s report for technical 

specifications as the same type of detector is also 

installed in BL40B2). The installed detector can be 

replaced by the flat panel detector (FPD, 

C9728DK, Hamamatsu Photonics) that is currently 

used as a WAXS detector. The advantages of the 

installed detector are a sampling frequency of 40 

Hz (FPD: 3 Hz) and no dark current. 

 

Table 1. SEM specifications  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Light optical Magnification range: 20-135x 

Sample loading time: < 5 sec 

Electron optical Electron source: CeB6 

Magnification range: 80-150,000x 

Sample loading time: < 30 sec 

Resolution ≤ 8 nm SED and ≤ 10 nm BSD 

Acceleration voltages 5 kV, 10 kV and 15 kV 

Detector Backscattered electron detector 

Secondary electron detector 

Silicon Drift Detector (for EDS) 

Sample size Up to 32 mm diameter 

Up to 100 mm height 

EDS Specifications Element detection: B to Am 

Energy resolution: MnKα ≤ 132 eV 
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2. EH 2 

EH 2 supports not only single-crystal structure 

analysis of sub-micrometer small crystals and the 

diffraction mapping using focused beam but also 

X-ray imaging to develop next-generation fuel 

injection nozzles using a picosecond X-ray pulse 

with a single bunch at SPring-8. 

 

2-1. SEM system for observations of small 

samples 

For single-crystal structure analysis with 

micrometer and sub-micrometer scale crystals, a 

single crystal is attached to the top of a thin glass 

needle. To measure accurate data, identification of 

the crystal morphology and sample condition are 

very important for diffraction experiments using a 

small crystal and diffraction mapping with focused 

X-ray beam. However, in principle, these samples 

are too small for optical microscopy to measure its 

shape and size. Therefore, to identify very small 

samples, a desktop size scanning electron 

microscope (SEM) system has been installed.  

 

 

Fig. 2. SEM images of (a) the 100-nm line pattern 

and (b) CeO2 powder (NIST 674b, particle 

size: 0.53–2.18 μm). Each scale bar 

indicates 1 μm. 

 

The specifications of SEM and typical images are 

shown in Table 1 and Fig. 2, respectively. A short 

loading time is convenient to observe an electron 

microscope image. Two detectors, a backscattered 

electron detector (BSD) and a secondary electron 

detector (SED), are available to observe the 

chemical contrast and surface information of the 

samples, respectively. Energy-dispersive 

spectrometer (EDS) is also available to analyze 

element information. Chemical composition 

analysis of the sample with an EDS technique is 

useful to confirm if it is a target sample or target 

position. SEM and EDS techniques are useful not 

only for diffraction measurements of small 

samples but also for spectroscopy of small surface 

regions. This SEM system can be moved to other 

beamlines to check a sample immediately. 

 

2-2.  Axis rotation stage 

An air-bearing stage was used for the sample 

rotation axis ( axis) for a high-precision 

diffractometer installed in BL40XU because a low 

sphere-of-confusion is necessary to align the small 

sample on the microbeam during the diffraction 

measurement. To achieve a higher stability and 

accuracy of the  rotation, a direct-drive rotation 

stage and xyz stage have been installed. The 

sphere-of-confusion of the new rotating stage is 

almost the same as the air bearing–type stage. The 

cables for the xyz stage and the position sensors are 

connected with the slip ring. Consequently, the  

axis can rotate continuously. The driver module 

can communicate with a PC by simple TCP/IP 

commands as well as synchronize the detectors 

such as EIGER, which was installed last year. 

 

In 2017 and 2018, the main components of the 

high-precision diffractometer, the detector, and  

rotation axis were replaced successfully. Using the 
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upgraded diffractometer and SEM system, 

experiments with very small samples are promoted 

with high accuracy of data and rapid assessment of 

sample conditions. 
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BL40B2 

(Structural Biology II) 

 

BL40B2 has been dedicated to small-angle X-ray 

scattering (SAXS)-related techniques since 1999. 

Currently, the beamline offers SAXS, ultra-small 

angle X-ray scattering (USAXS), wide-angle X-ray 

scattering (WAXS), and SAXS/WAXS 

simultaneous measurements. A structural scale can 

be probed from 0.15 nm to 600 nm by changing the 

wavelength and sample-to-detector distance. In 

addition to the transmission geometry to the general 

structural analysis, the grazing incidence (GI) 

geometry is also used to analyze polymer thin films. 

The light source is a bending magnet, and the 

generated white X-ray beam is monochromized by 

a Si (111) double-crystal monochromator system. 

Since the chosen wavelength is 0.071 nm and 0.191 

nm, the anomalous SAXS (ASAXS) method is also 

available. Therefore, BL40B2 is widely used in 

many fields, including studies of polymers and 

colloids as well as biomaterials. Here, we report the 

SAXS/WAXS simultaneous measurement method 

using Eiger2 S 500K, which is used as the WAXS 

detector. 

 

1. Upgrade of the WAXS detector 

The flat panel detector (FPD, C9728DK; 

Hamamatsu Photonics) was introduced in March 

2007, and the electronic board (C9728DK-10) was 

replaced with DCAM-API [1] in 2010. The detector 

system is now used as a WAXS detector in 

SAXS/WAXS measurements. There are advantages 

to a 14.5-mm thickness, 1.7-mm length from the 

case edge to the active area, and 51.6 mm × 51.6 

mm detection area. However, FPD is difficult to 

analyze at a low intensity due to the high, 

fluctuating dark current noise. Additionally, it has 

problems with a low frame rate (maximum 3 Hz) 

and a different delay in each pixel readout.  

Eiger2 (Dectris) is an X-ray photon counting area 

detector without readout noise or dark current. The 

pixel size is 0.075 mm × 0.075 mm, and the 

detection area is 77.3 mm × 38.6 mm. The 

maximum frame rate is 40 Hz. Table 1 shows the 

specifications of Eiger2 S 500K-BL40B2.  

Compared to Pilatus, Eiger2 S 500K has compact 

body size and is lightweight. It also does not require 

water-cooling or dry air. However, the 9.73-mm 

length from the case edge to the active area is longer 

than that of FPD, which creates a spatial limitation 

in the arrangement of the Eiger2 as WAXS. 

Figure 1 shows the SAXS/WAXS simultaneous 

measurement system constructed at the beamline. 

Here, the tip of the SAXS-vacuum path has a 

tapered cone shape in accordance with the tilt angle 

of Eiger2. The two-dimensional X-ray sensor in 

front of the detector is tilted to place the direct beam 

and the active area of detector close together, 

reducing the gap where the SAXS and WAXS 

cannot be detected. On the other hand, when 

scattering is measured with a tilted detector, the 

CeO2 Debye ring becomes elliptical (Fig. 2a) and 

the scattered image of glassy carbon tends to 

decrease in intensity from the top to the both ends 

(Fig. 2b). Since it is difficult to identify the raw tilt 

image, a geometric correction is applied to the 

acquired image (Fig. 2c and 2d). The Debye ring 

can be modified to a ring shape. The intensity in the 

azimuthal distribution of the glassy carbon can be 

corrected uniformly. Image correction is important 
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Table 1. Technical specifications of Eiger2 S 500K-BL40B2 

Modules 1 

Sensor Reverse-biased silicon diode array 

Sensor thickness 0.45 mm 

Pixel size (W × H) 0.075 × 0.075 mm2 

Pixel array format (W × H) 1030 × 514 pixels 

Active area (W × H) 77.25 × 38.6 mm2 

Maximum frame rata 40 Hz 

Readout time Zero dead time 

Number of thresholds 2 (independent) 

Adjustable threshold range 3.5 to 11 keV 

Image bit depth 32 bit 

Dimensions (W × H × D) 100 mm × 140 mm × 92.4 mm 

Weight 1.8 kg 

Maximum count rate 2 × 106 photons/s/pix 

Energy range 5.4 to 18 keV 

 

 

 

Fig. 1. SAXS/WAXS simultaneous measurement system at BL40B2. Eiger2 S 500K, which is used as a 

WAXS detector, is tilted at an angle of 30°. X-ray window of the SAXS vacuum path is under the 

detector. There is a Pilatus3 S 2M as a SAXS detector downstream of this path. 

 

 

to promptly understand the widely spread scattering 

in the azimuth direction, especially in the horizontal 

and vertical directions. We hope that the 

SAXS/WAXS simultaneous measurement system 

of Eiger2 S 500K and Pilatus3 S 2M will be widely 

used. 
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Fig. 2. WAXS images of (a) CeO2 and (b) glassy carbon obtained using Eiger2 with X-ray energy of 12.4 

keV. Normal direction of the beam corrected by the titled angle (c) in a and (d) in b. 

 

2. Development of a detector control program for 

Eiger2 

The Pilatus X-ray detector has a server system that 

inputs control commands via TCP/IP. On the other 

hand, the Eiger2 has a redesigned control function 

using the SIMPLON API [2] based on the 

HTTP/REST framework. We developed an Eiger2 

control program for BL40B2 composed of program 

functions to rewrite the URL’s value corresponding 

to each detector parameter. The program was 

completed by downloading HDF5 [3] data after the 

acquisition of scattering. If TIFF images are needed, 

automatic conversion from HDF5 to TIFF can also 

be selected. 

 

3. Renovation of the air conditioner unit 

Since the air conditioner unit of the experimental 

hutch was installed in 1999, we replaced it with a 

new one that is combined with spot cooling. It is 

useful for cooling because the temperature around 

the detector at the experimental hutch end is slightly 

higher. 
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BL41XU 

(Structural Biology I) 

 

BL41XU is a public macromolecular crystallog-

raphy (MX) beamline that uses an undulator as a 

light source. The beamline is mainly employed for 

structural determination of challenging targets such 

as membrane proteins and macromolecular 

complexes using a high flux beam of 2.3 × 1012 – 

1.1 × 1013 (photons/s at 12.4 keV). Since the beam 

size can be changed from 5 µm (H) × 5 µm (V) to 

20 µm × 45 µm, it can handle samples whose sizes 

range from a few to several hundred μm. Another 

characteristic feature is that BL41XU can collect 

data using high-energy X-rays from 20 keV to 35 

keV. Here we report our activities in FY2018.  

 

1. Installation of Eiger 16M 

Eiger 16M was installed at BL41XU for the normal 

operation mode (NM), which covers a wavelength 

range of 0.7–1.9 Å. Compared to the previous 

detector, Pilatus3 6M, Eiger 16M has a much 

 

 

Fig. 1. Eiger16M installed at experimental hutch 2. 

 

shorter dead time of 3 μs, which enables more rapid 

data collection. The smaller pixel size of 75 µm × 

75 μm provides more accurate data collection from 

large unit cell crystals. 

 

2. Operation of a new diffractometer for the 

high-energy mode 

The high-energy mode (HM) is useful for ultrahigh-

resolution data collection beyond 0.8 Å. It also 

allows for positional determination of anomalous 

nuclei whose absorption edges are located at these 

energy ranges. So far we had used the old 

diffractometer which had been used for 

NM before the upgrade of BL41XU in 2014. 

To improve the HM setup and achieve more 

accurate data collection, a new diffractometer 

designed for HM was installed in FY2018 (Fig. 2 

(a)). 

After the installation and offline alignment of the 

diffractometer, commissioning was performed in 

2018A. In the new diffractometer, parasitic 

scattering, which previously was a problem, was 

completely removed by the 0.5-mm pinhole placed 

40-mm upper stream from the sample (Fig. 2 (b)). 

Therefore, the lowest resolution was extended down 

to 25 Å even at a wavelength of 0.35 Å.  

One feature of the new diffractometer is the 

installation of a translation stage for the X-ray 

compound refractive lens (CRL). We confirmed that 

the beam size can be changed from 10 µm to 50 µm 

by a 260-mm translation of CRL along the beam 

path. The performance of the new diffractometer 

was verified using a standard sample crystal of 

lysozyme in the P1 form. We successfully obtained 

diffraction data up to 0.6-Å resolution with good 

statistics, <I/σI> of 2.3 and CC1/2 of 0.757 at the 

highest resolution shell. The new diffractometer is 
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now available to users.   

 

 

 

 

Fig. 2. (a) Diffractometer for the high energy mode and (b) diffraction pattern of P1 lysozyme crystal. 

 

3. Development of HAG RT-SSX 

In the past two decades, most MX data were 

collected at cryogenic temperature (CT) to mitigate 

the influence of radiation damage. However, 

structures at room temperature (RT) can reveal 

structural features that cannot be observed at CT. 

The challenge for RT data collection is progression 

of radiation damage at 70 times lower absorbed 

dose compared to CT [1]. Therefore, RT data 

collection of microcrystals is quite difficult at 

synchrotron beamlines. To cope with this problem, 

we combined serial synchrotron rotation 

crystallography (SS-ROX) [2] with humid air and a 

glue-coating (HAG) technique [3], and demonstrated 

its feasibility using a standard sample. 

Microcrystals of lysozyme (3 μm in size) were 

scooped by a 1-mm round-shaped Kapton loop after 

spreading polyvinyl alcohol over the loop. These 

were mounted on the goniometer. Diffraction data 

were collected by a two-dimensional raster scan 

under humidity-controlled air. After merging 7,700 

indexed images, we obtained data with up to 2.3 Å 

resolution. The refine structure had Rwork of 17.0% 

and Rfree of 25.6%, with a good quality electron 

density map. Our results show that the HAG is 

applicable to RT data collection of microcrystals. 

One problem with SS-ROX experiments at 

BL41XU was that a real-time data reduction system 

had yet to be implemented. Real-time calculation of 

statistics such as hit rate, index rate, completeness, 

and achieved resolution are advantageous, because 

it is directly related to beamtime and simple 

consumption. Therefore, we installed multi-core 

computers to process data in real time. 

 

4. Development of a sample cassette storage 

system 

Installation of SPACE-II at BL41XU reduced the 

sample exchange time to 16 s, contributing to 

efficient use of beamtime. Another issue for 

SPACE-II was the limited number of samples that 

could be stored simultaneously. To resolve this issue, 

we designed and manufactured a sample cassette 

storage system, which can store up to 42 sample 
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cassettes (Fig. 3). Cassettes are transferred from the 

storage system to SPACE-II via a multi-axis robot. 

This will be especially useful for our new undulator 

MX beamline BL45XU, where almost all data will 

be collected automatically. 
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BL43IR 

(Infrared Materials Science) 

 

BL43IR is dedicated to infrared microspectroscopy. 

The beamline has three microscopes: a high spatial 

resolution microscope, long working distance 

microscope, and magneto-optical microscope. The 

microscopes are used with a Fourier transform 

spectrometer. Due to more than 19 years of 

operations, some of the apparatuses have 

deteriorated. In FY2018, we focused on updating 

these components. 

 

1. Malfunctions and their measures 

In FY2018, we discovered several malfunctioning 

apparatuses.  

 

1-1. Malfunction of the charge-coupled device 

(CCD) observation apparatus 

The upper part of the beamline light path contains 

three CCD cameras for beam alignment and to 

observe the light image scattered from the mirrors. 

The CCD cameras shown in Figure 1 are connected 

to a power supply/signal I/O and a signal switcher 

as shown in Figure 2. Because signs of device 

failure were routinely observed in FY2018 due to 

the aging system, we decided to replace these with 

new components. We are planning to install new 

devices in FY2019.   

 

1-2. Malfunction of the microscope observation 

electrics 

The infrared microscope Bruker Hyperion 2000 has 

two halogen lamps to observe samples. We 

encountered an unknown symptom where a user at 

the control panel turned off the observation light 

and rebooted the light path (mirror position) to the 

 

Fig. 1. Observation CCD camera. 

 

 

Fig. 2. Camera related components. 

 

default value. Although neither we nor Bruker could 

identify the origin, the light bulb for the 

transmittance burned out eventually. The symptom 

vanished after changing the light bulb. Thus, we 

provisionally concluded the incident was caused by 

the electrics related to the transmittance light. 

 

2. Replacement of the AFM equipped in the 

scanning near-field optical microscopy (SNOM) 

apparatus 

SNOM utilizes near-field light to overcome the 

diffraction limit of the incident light to observe an 

area smaller than its wavelength. Infrared 

synchrotron radiation with the SNOM realizes 
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effective high-intensity broadband spectroscopy. 

We have achieved a spatial resolution below 200 nm 

in the mid-infrared wavelength with well-ordered 

samples such as the edge of a gold thin film.  

The next target of this project should be realistic 

forms of materials such as randomly dispersed 

minute particles on a substrate. However, this has 

yet to be achieved because the old AFM apparatus 

had issues with a weak stability and unreliable 

reproducibility for the growing demand. In FY2018, 

we replaced the old AFM unit (UP-100P; Unisoku) 

with a new one (Nano Observer; CS Instruments). 

Figure 3 schematically illustrates the SNOM system 

and shows a photograph of updated AFM apparatus. 

 

 

Fig. 3. (a) Schematic of the SNOM system and (b) 

photograph with updated AFM apparatus. 

 

The collimated IR-SR is injected into the 

interferometer and split by a KBr/Ge beam splitter 

(Figure 3(a). One beam goes to a movable mirror, 

which is a corner cube retroreflector. The back-and-

forth motion of the mirror is controlled by a piezo 

stage. The frequency of the mirror movement is 

about 7 Hz, and the mirror position is determined by 

the output signal of the piezo controller. The other 

beam reflected by the beam splitter is focused onto 

the probe tip by a parabolic mirror with a 30-mm 

focal length. The scattered light from the probe tip 

and the reference beam reflected by the movable 

mirror interfere with each other. This interference is 

detected by an MCT (HgCdTe) detector with a 0.25 

mm × 0.25 mm sensor size.  

Modulation spectroscopy is performed using the 

frequency of the AFM probe oscillation (ω = 32 

kHz) to eliminate background signals other than the 

near-field one. The first (ω) and second (2ω) 

harmonic components of the detected signal are 

extracted using the lock-in-amplifier. The output 

signal from the lock-in-amplifier is recorded by an 

oscilloscope. Beginning in FY2019, we will acquire 

data with the updated system. 
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BL46XU 

(Engineering Science Research III) 

 

1. Introduction 

BL46XU is an industrial application beamline with 

an undulator light source to promote the utilization 

of synchrotron radiation by industry. A multi-axis 

X-ray diffractometer is installed in the first 

experimental hutch (EH 1). In addition, X-ray 

imaging and micro-focus X-ray diffraction are 

available in the open space of EH 1. In the second 

experimental hutch (EH 2), two hard X-ray 

photoelectron spectroscopy (HAXPES) systems are 

installed. In FY2018, for a multi-axis X-ray 

diffractometer, a new point detector, and signal 

processing devices were installed to realize a high 

counting rate. For HAXPES, a new electron energy 

analyzer was installed to achieve more stable and 

reliable measurements. 

 

2. Optics and Performance 

The light source is a standard in-vacuum undulator 

at SPring-8, and a liquid nitrogen cooled Si (111) 

double-crystal monochromator is adopted for the 

optics. The tunable energy range is 6–35 keV. Two 

Rh-evaporated mirrors (70-cm length, horizontal 

reflection direction) are placed in the most 

downstream part of the optics hutch to eliminate 

harmonics. The mirrors are curved for a horizontal 

light focus. A Si (111) channel-cut monochromator 

is placed between the monochromator and the 

mirrors to achieve incident X-rays with fine energy 

resolution. Figure 1 shows the beamline layout of 

BL46XU. 

 

3. New equipment and development 

3-1. New point detectors and signal processing 

devices for the HUBER multi-axis X-ray 

diffractometer 

On the upstream side of EH 1, a HUBER multi-axis 

X-ray diffractometer was installed. This 

diffractometer can perform not only general X-ray 

diffraction/scattering measurements but also 

various types of diffraction/scattering experiments. 

For example, high angular resolution diffraction, 

residual strain measurements, anomalous X-ray 

scattering, grazing-incident X-ray diffraction 

(GIXD), X-ray reflectivity, micro-beam diffraction 

and various in situ measurements can be performed. 

To carry out X-ray diffraction/scattering 

measurements, a point, line, or two-dimensional 

(2D) detector can be attached to the detector arm of 

this diffractometer. 

 

 

 

Fig. 1. Beamline layout of BL46XU. 
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In FY2018, new point detectors (Scintillation 

Detector, C30LaBr25B (LaBr3:Ce3+); FMB Oxford) 

and signal processing devices (Pre-Amplifier, 

CP10-A and Pulse Processor, C400; FMB Oxford) 

were introduced to enhance the counting rates. 

Because the decay time of the LaBr3:Ce3+ 

scintillator is 16 ns [1], which is much shorter than 

that of NaI:Tl, wide dynamic range measurements 

with a high counting rate can be realized. Figure 2 

shows the newly introduced scintillation detector, 

pre-amplifier, and pulse processor. The X-rays 

diffracted by the sample pass through slits, 

attenuator, and vacuum paths. Then they are 

detected by the scintillation detector. 

In an experiment to measure the dead-time 

characteristics of the scintillation detector, the X-

ray intensity diffracted by a CeO2 powder sample 

(SRM674b; NIST) was recorded as a function of the 

incident X-ray intensity. The X-ray intensity was 

varied by changing the number of attenuators 

located upstream of the ion chamber. The blue 

points in Fig. 3 show the output count rate as a 

function of the input count rate. Table 1 summarizes 

the measurement conditions. The output count is 

linear to the input count below approximately 3.0 × 

105 cps, but above this value the dead-time error is 

observed. Fitting a non-paralyzable dead-time 

model of equation 

Nmeas = N0 / (1 + N0 ∙ ) 

to the measured counts Nmeas yields a characteristic 

dead-time  = 65 ns. The red points in Fig. 3 are the 

corrected values with the dead-time correction 

using a dead-time of 65 ns. Performing the dead-

time correction indicates that the linear 

 

 

Fig. 2. LaBr3 (Ce) scintillation detector, pre-

amplifier (CP10-A) attached to the detector 

arm, and pulse processor (C400). 

 

Fig. 3. Typical count rate characteristic displayed on (a) a linear scale and (b) a log scale. 
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Table 1. Measurement conditions for the dead-time characteristics. 

 

 

 

Fig. 4. Photograph of the HAXPES system in the 

second experimental hatch of BL46XU. 

 

region is expanded to approximately 1.0 × 107 cps. 

This scintillation detector is used for X-ray 

reflectivity, GIXD, etc. 

 

3-2. New electron energy analyzer for HAXPES 

In 2008, a HAXPES measurement system equipped 

with an electron energy analyzer was installed. This 

system is open to industrial researchers and 

provides a powerful tool to directly explore 

electronic structures deep inside a material such as 

electrode/dielectric interfaces buried in gate stack 

structures, which are not accessible by conventional 

XPS [2]. However, aging equipment resulted in 

unstable and unreliable measurements due to the 

leakage current at the pre-retarding lens part. To 

address these critical issues, we developed a new 

electron energy analyzer (R4000L1-10kV; 

Scientaomicron) for the HAXPES measurement 

system (Fig. 4). This system can analyze electron 

kinetic energies up to 10 keV. The R4000L1-10kV 

analyzer consists of a hemispherical analyzer, pre-

retarding lens system, 2D event-counting detector 

equipped with a multi-channel plate, phosphor 

screen, and charge-coupled device camera. The 

entrance slit of the analyzer has a rectangular shape 

with several selectable sizes in the energy-

dispersive direction and a fixed size (30 mm) in the 

non-dispersive direction. The lens mode can be in 

the transmission mode or angular mode. The pass 

energies are changeable from 5 eV to 500 eV. 

Currently, the upgraded HAXPES system provides 

stable operations for user experiments. 
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BL47XU 

(HAXPES / micro-CT) 

 

1. Introduction 

BL47XU is an X-ray undulator beamline allocated 

for hard X-ray photoelectron spectroscopy 

(HAXPES) and micro-CT. To handle the high heat 

load of the undulator, a liquid-nitrogen (LN2) 

cooling system is used for the monochromator 

crystals. The available energy range is between 6 

keV and 37.7 keV with a Si(111) reflection of the 

monochromator. A set of reflection mirrors (double-

bounce in the vertical direction) can be inserted to 

eliminate higher harmonics. 

There are two experimental hutches (EHs) just after 

the optics hutch. An experimental table for X-ray 

nano-CT is located in EH 1.  Apparatuses for 

HAXPES and micro-CT is located in EH 2. 

As a part of the activities at this beamline, the 

measurement apparatus and techniques for 

HAXPES and X-ray nano-CT were improved. In 

FY2018, a high-frame-rate camera for HAXPES 

was installed, and high-efficiency illumination 

optics for nano-CT was developed. Here, the details 

are described. 

 

2. Hard X-ray photoelectron spectroscopy 

(HAXPES) 

An advantage of HAXPES at BL47XU is angle-

resolved analysis using a wide-angle objective lens 

with a photoelectron acceptance angle of ±32°. This 

enables mapping measurements of the chemical 

bonding state in a microdomain at a buried interface 

in combination with the φ1 μm focused beam by a 

Kirkpatric-Baez (KB) mirror [1, 2]. Many beamlines 

are used for HAXPES in synchrotron radiation 

facilities around the world, but BL47XU at SPring-

8 is the only beamline that can perform wide-angle 

analysis with the micrometer scale resolution. In 

addition, the above features allow in situ HAXPES 

measurements for samples to be performed in an 

atmospheric environment cell (gas and liquid 

samples). In this section, we report updates of the 

charge-coupled device (CCD) detector in the 

photoelectron analyzer with a high-speed read time, 

as an upgrade of the HAXPES station in FY2018. 

In the photoelectron spectrometer at BL47XU, 

photoelectrons converge onto the detection plane at 

the exit of a hemispherical analyzer with two-

dimensional (2D) information of their energies and 

their emission positions or angles. Then, the 

photoelectron pulse intensities are counted by a 2D 

CCD detector through a fluorescent plate and a 

multichannel plate. Therefore, both the 

photoelectron analyzer and the detector 

performance are important for the photoelectron 

detection efficiency.  

The 2D CCD detector previously used (Fig. 1, right) 

had a low reading speed of 13 fps. The accuracy of 

the linearity of the photoelectron detection intensity 

with respect to the incident light intensity was poor 

due to the counting loss of the photoelectron pulses, 

especially in high-intensity measurements. Since 

linearity is important to estimate elemental 

composition from the photoelectron intensity, users 

in industrial fields demanded improvements. In 

addition, a detector with an enhanced reading speed 

will improve the detection efficiency and shorten 

the measurement time. 

Therefore, we introduced a high-speed 2D CCD 

detector (Fig. 1, left) with a reading speed of 70 fps  
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Fig. 1. Two-dimensional CCD detectors for the 

HAXPES analyzer. (left) high-speed 

detector with 70 fps, and (right) the detector 

with 13 fps. 

 

in the photoelectron spectrometer. Since the number 

of pixels in the new detector is about half that of the 

old one, there were concerns about reductions in 

energy, position, and angular resolution. However, 

performance tests of angle and energy resolutions 

confirmed that the resolutions are comparable to 

those obtained with the old detector. Meanwhile, the 

improved detection efficiency shortens the 

measurement time to obtain the same S/N ratio 

spectrum as before. Hence, the number of data 

obtained within the limited machine time increased, 

enabling more accurate discussions. Furthermore, 

the enhanced detection efficiency remarkably 

improves the measurements for low-intensity 

samples such as liquid/gas experiments. 

 

3. Upgrade of X-ray nano-CT by installing a 

beam-shaping condenser zone plate 

X-ray nano-CT at BL47XU based on full-field X-

ray microscope optics using a Fresnel zone plate 

(FZP) as an objective and a condenser zone plate 

(CZP) as an illuminating optics realizes 100-nm- 

order resolution three-dimensional imaging. This 

system is now widely used for various fields such as 

biology, medical, astronomy, mineral, material, 

devices, batteries, and industry. The typical scan 

time is approximately 20 min (0.5 s exposure, 1,800 

projections). However, the scan time is too long for 

time-resolved measurements such as in situ 

observations. Therefore, a higher intensity of 

illumination is required to reduce the scan time. 

A new CZP was developed to increase the 

illumination intensity. Figure 2a shows a critical 

illumination available using an FZP as a condenser. 

In this case, the field of view is not sufficiently large 

because the focused beam size is too small for a 

highly collimated beam from synchrotron radiation 

(SR) light source. Therefore, hollow-cone 

illumination (Fig. 2b) is commonly employed in the 

SR full-field X-ray microscope system. Such an 

illumination is realized by employing a CZP with 

 

Fig. 2. Conceptual drawing of illumination for full-field microscope. (a) Critical illumination and (b) 

hollow-cone illumination. 
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Fig. 3. Conceptual drawings of CZP. (a) Conventional CZP with eight segments (octagonal CZP, O-CZP) and 

(b) newly developed CZP with 60 segments (beam-shaping CZP, BS-CZP). 

 

 

 

 

Fig. 4. X-ray images of the test chart (with flat-field correction). (left) with O-CZP and an exposure time of 

10 s. Fringe noises are seen at the edge of patterns in the peripheral region of the field of view. (right) 

with BS-CZP and an exposure time of 2 s. Fringe noises are rarely seen. 

 

 

multiple diffraction gratings with an equally spaced 

pitch (Fig. 3). Since the diffracted beam from each 

segment overlaps at the object plane, the intensity 

of the illuminating beam at the object plane is 

proportional to the number of segments of the CZP 

(in the case of incoherent illumination). 

Conventional CZP (octagonal CZP, O-CZP) 

consists of eight segments (Fig. 3a) [3], whereas the 
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newly developed CZP (beam-shaping CZP, BS-

CZP) has 60 segments (Fig. 3b) [4]. Therefore, the 

illumination intensity could be 7.5 times higher than 

when using the conventional CZP.  

Figure 4 shows X-ray images of a tantalum test 

chart (NTT-AT) obtained with O-CZP (left) and 

with BS-CZP (right). The X-ray energy is 8 keV. 

The intensity of the image is approximately four 

times higher with BS-CZP. Moreover, the fringe 

noise and edge-enhanced contrast observed in Fig. 

4 (left) are rarely seen in Fig. 4 (right). Hence, 

employing BS-CZP improves both the imaging 

properties and illumination intensity.  
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5-2. RIKEN Beamlines 

 

RIKEN SPring-8 Center is responsible for the R&D 

of SPring-8 beamline technology and systems as 

well as the new SACLA technology in various fields 

of Synchrotron Radiation (SR) science. RIKEN 

Advanced Photon Technology Division is exploring 

the best use of the high-brilliant SR sources of 

SPring-8 and XFEL of SACLA in various scientific 

fields, including life science and materials science. 

In addition, this division is responsible for the 

operation and user support of 12 RIKEN beamlines. 

RIKEN beamlines are operating with new 

measurement methods. These include the high-

throughput protein micro-crystallography at 

BL32XU, which has been successfully solving 

membrane protein structures, a new scanning SX 

spectromicroscope at BL17SU, which is useful in 

microspectroscopic studies on various advanced 

materials, and the Quantum Nano-dynamics 

Beamline (BL43LXU) for inelastic X-ray scattering 

research.  

In addition to conventional beamline R&D, we 

began the first remodeling program of the RIKEN 

beamline and public beamline as the beamline scrap 

and swap for the SPring-8 upgrade. The first 

RIKEN beamline to be remodeled is BL45XU. It 

was converted from a SAXS beamline to a high-

throughput MX beamline for industrial use. In 

December 2018, the last SAXS experiment at 

BL45XU was completed. The remodeling to a high-

throughput MX beamline was completed by the end 

of the FY2018. BL45XU is now a public MX 

beamline, and the SAXS activity at BL45XU was 

transferred to another beamline. 

Technological developments and SR experiments 

are proceeding smoothly at four structural biology–

related and five physical science–related RIKEN 

beamlines. Each beamline has its own 

characteristics. Below, we report on the current 

status of the RIKEN beamlines in operation: 

BL05XU, BL17SU, BL19LXU, BL26B1&B2, 

BL29XU, BL32XU, BL43LXU, BL44B2, and 

BL45XU. 
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BL05XU 

(R&D-ID) 

 

FY2018 was the final year of the ImPACT program 

“Realizing Ultra-Thin and Flexible Tough 

Polymers”. Through this program, six companies 

and eight academic groups conducted small-angle 

and wide-angle scattering measurements on the 

deformation and fracture of polymer materials. New 

polymer materials developed as part of this program 

were measured under various conditions. In 

addition to measurements under deformation using 

a beamline standard uniaxial tensile tester (Fig. 1), 

various other deformations were measured, 

including biaxial stretching, piercing, bulging, and 

fatigue.  

X-ray photon correlation spectroscopy (XPCS), 

which was demonstrated using test samples (silica 

particles dispersed in a viscous liquid) in the 

previous year, was performed for several new 

materials such as nanovoid polymer films and blend 

polymer materials. For example, XPCS 

measurements were performed on polymer alloys 

(Toray Industries) of polyamide 6 / polyrotaxane, 

which has a greatly improved toughness 

performance by dispersing polyrotaxane on the 

nanoscale. The toughness varies greatly depending 

on the chemical composition and amount of the 

additive. However, the relationship with the 

molecular dynamics was unknown. Discussions of 

the time autocorrelation functions obtained by 

XPCS measurements revealed that the time scale of 

the fluctuations of the interface between the 

polyamide-rich phase and the polyrotaxane-rich 

phase depends on the composition of the additive 

(Fig. 2). 

 

Hence, the data elucidated a significant correlation 

between the observed dynamics and toughness 

performance. 

 

 

Fig. 1. Small- and wide-angle X-ray scattering 

measurements under uniaxial elongation. 

 

 

Fig. 2. Time-autocorrelation functions obtained 

from XPCS measurements for four types of 

polyamide 6 / polyrotaxane nanoalloys with 

different additives. 
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BL17SU 

(RIKEN Coherent Soft X-ray Spectroscopy) 

 

In the past few years, BL17SU has been restructured 

from a soft X-ray (SX) spectroscopy beamline to a 

microspectroscopy beamline. BL17SU was 

originally constructed to advance spectroscopic 

studies mainly for solid-state physics and materials 

science by means of conventional photoabsorption, 

photoemission, and SX emission spectroscopies. In 

the early phase of BL17SU, we began operating the 

spectroscopic photoemission low energy electron 

microscope (SPELEEM) [1] for public use. Since 

then, it has provided opportunities to investigate 

local electronic structures as well as magnetic 

domains of advanced materials with a spatial 

resolution of about 22 nm. 

To extend the capability of BL17SU for 

microspectroscopic studies of various materials, we 

installed a versatile photoemission electron 

microscope (PEEM; FOCUS GmbH) into the b-

branch carry-in station of BL17SU at the end of 

FY2016 (Fig. 1). After its commissioning in 

FY2018, FOCUS-PEEM has been open to public 

users. We have also developed a time-resolved 

PEEM measurement system using a FOCUS-PEEM 

combined with a femtosecond laser system and a 

SX chopper [2]. Research using this system 

investigates transient changes in the electronic and 

magnetic structure. 

Toward the end of FY2016, we began developing a 

scanning SX spectromicroscope with a modest 

spatial resolution (e.g., ~500 nm). The goal is to 

study local electronic structures on surfaces and 

interfaces of advanced materials under conditions 

ranging from a low-vacuum to a helium atmosphere, 

taking advantage of a photon-in photon-out  

 

 

 

Fig. 1. (a) Photograph of overall view of the PEEM 

apparatus. (b) Photograph of the six-axis 

sample manipulator, specially designed to 

flexibly adapt to various experiments. (c) 

Line profile of the step edge of a silver film 

with a lithographed pattern (black dots). 

Corresponding position is indicated in the 

inset PEEM image with a blue line and an 

arrow. Fitting result is overlaid with a blue 

line. Achieved spatial resolution is ~36.7 nm 

when a UV lamp is used (~100 nm when SR 

is used). 
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measurement scheme [3]. Figure 2 shows a 

schematic and photographs of the apparatus 

installed at the b-branch carry-in station, (i.e., the 

endstation is shared with the FOCUS-PEEM). In 

this carry-in station, the two machines can be easily 

switched since they are built on slide-rails. 

 

 

Fig. 2. (a) Top schematic view of the scanning SX 

spectromicroscope, where TMP is a turbo-

molecular pump, FZP is the Fresnel zone 

plate, OSA is the order-sorting aperture, and 

SDD is the silicon drift detector. (b-d) 

Photographs of the present apparatus. (b) 

View from downstream, (c) view from 

upstream, and (d) area around the sample. 

 

During the commissioning of the scanning SX 

spectromicroscope in FY2018, we simultaneously 

began microspectroscopic studies on various 

advanced materials. Additionally, we are 

developing another scanning spectromicroscope 

whose designed spatial resolution is smaller than 30 

nm. Its commissioning is scheduled for FY2020. 

Currently, more than 50% of the total user time of 

BL17SU is devoted to microspectroscopic 

experiments. 

 

Masaki Oura 

Soft X-Ray Spectroscopy Instrumentation Team, 

Physical and Chemical Research Infrastructure 

Group, Advanced Photon Technology Division, 

RIKEN SPring-8 Center 
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BL19LXU 

(RIKEN SR Physics) 

 

BL19LXU is a hard X-ray beamline equipped with 

a 27-m in-vacuum undulator in one of the four long 

straight sections of the SPring-8 storage ring. 

Experimental hutches (EHs) 1, 2, and 3 have been 

in operation since FY2000. EH 4 was constructed in 

FY2001. The beamline has undergone the following 

updates: installation of a double mirror in the optics 

hutch to reject higher harmonic radiation (FY2004), 

installation of precision four-jaw slits (FY2010), 

renewal of the stages (FY2013), renewal of the 

cooling pipes in the double-crystal monochromator 

for better stability (FY2015), installation of an in-

line beam monitor made of a diamond thin film 

(FY2015), and replacement of the vacuum system 

from turbo-molecular pumps to ion pumps to keep 

the surface of the monochromator crystals and the 

mirrors clean (FY2017). Changing the minimum 

gap size of the undulator lowered the minimum 

photon energy from 7.270 keV to 7.092 keV, which 

is below the iron K-edge at 7.112 keV (FY2017). 

For micro- and nano-focusing, the Kirkpatrick-Baez 

(KB) mirror systems were permanently installed in 

EH 3 (FY2014) and EH 4 (FY2010). The dated laser 

system was updated (FY2016), and the repetition 

rate was increased from 1 kHz to 10 kHz for better 

efficiency in the time-resolved experiments. In 

accordance with the 10-kHz system, the X-ray 

chopper was also upgraded to select a single bunch 

at 9.49 kHz (FY2016). To improve the experimental 

environment, the lighting in the hutches was 

changed from fluorescent tubes to LEDs (FY2015), 

the precision air conditioning systems in EH 1 and 

EH 3 were upgraded (FY2016), and the automatic 

doors of EH 1 and EH 3 were motorized (FY2017). 

In FY2018, the interlock system is upgraded. With 

the new Inter-Lock system, users can select the 

active hutch without closing MBS, making 

beamline operations easier and enhancing thermal 

stability of the monochromator. The new interlock 

system runs in the remote mode, so that users can 

easily operate MBS, DSS, and SCM from a personal 

computer. By contrast, users had to change the 

mode of the former interlock system manually 

every time they close the hutch (Fig. 1). The X-ray 

chopper system was also upgraded, and is now 

vacuum compatible to avoid air attenuation. The 

vertical aperture of the chopper is wider than before, 

delivering more X-ray flux. The blade of the new 

chopper is made of titanium, which can be used at 

higher photon energies. A polarization controller is 

developed to convert the horizontal linear 

polarization of the incidence to the circular 

polarization and the linear polarization in arbitrary  

 

 

Fig. 1. Graphic panel of the new interlock system 

in the USER mode. MBS button is hidden to 

prevent users from closing MBS carelessly, and 

appears only when users can open it. 
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directions using two diamond phase retarders. The 

polarization controller is compatible with a high 

vacuum. A new goniometer with a precision 

encoder is installed, which can measure the absolute 

angle with a 0.1-arcsecond resolution. This 

combined with a standard silicon crystal and 

calibrated thermometers, the new goniometer can 

determine the absolute wavelength by the Bond 

method. 

Various user experiments, which require brilliant X-

rays, and R&D programs for X-ray free-electron 

laser experiments were performed at each 

experimental hutch. In FY2018, experiments 

carried out at EH 1 included a fundamental study on 

X-ray parametric down conversion, X-ray quantum 

imaging, nuclear resonance vibrational 

spectroscopy to study hydrogenase, and X-ray 

magnetic scattering. Various HAXPES experiments 

using circular and vertically polarized X-rays, laser 

system, time-resolved X-ray scattering experiments, 

and STM experiments with X-rays were conducted 

at EH 3. At EH 4, X-ray magnetic imaging was 

performed using the submicron beam from the KB 

mirror. 

 

Kenji Tamasaku 
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BL26B1 & BL26B2 

(RIKEN Structural Genomics Beamlines I&II) 

 

RIKEN Structural Genomics Beamlines I and II are 

composed of SPring-8 standard bending magnet 

beamline components and the end station is 

dedicated to high throughput protein 

crystallography [1]. Users can collect diffraction data 

from a vast amount of cryo-cooled protein crystals 

in an automated manner with the auto-sample 

exchanger SPACE and user interface BSS [2, 3].  

Two types of remote user access are available. One 

is mail-in data collection where a web database 

system, D-Cha, supports sample and experimental 

information input/output on a browser [4]. The other 

is remotely controlling beamline equipment via a 

dedicated interface program, SP8Remote, which 

allows users to directly log into the beamline control 

system under the districted safety interlock system 

[5]. At both beamlines, further improvements of 

throughput and development of new devices have 

been continuously conducted for research projects 

such as ligand screening for drug discovery. In 

addition, a variety of experimental environments 

such as room temperature crystallography with a 

HAG system, crystallization plate scanner, and 

micro-spectrometer have been implemented [6]. In 

FY2018, asymmetric diffraction crystals for the 

monochromator were implemented to enhance the 

X-ray beam intensity. As the result, the photon flux 

at the sample was enhanced by a factor of 2.5 for 

1.24-keV X-rays [7]. It should reduce the exposure 

times and accelerate data collection. At BL26B1, by 

developing control software and a user interface, we 

have begun user operations of the plate scanner and 

exchange system (Fig. 1(a)).  

At BL26B2, the implementation of a twin-armed 

sample exchanger, SPACE-II, shortened the sample 

exchange time from 48 s to 11 s (Fig. 1(b)). 

Additionally, the development of new devices and a 

software system are in progress. These include a 

microfluidic chip for in situ ligand soaking and data 

collection, a data processing and structure analysis 

pipeline, and a new web database system to cover 

the all data flow, including crystallization and data 

analysis. 

 

 

  

Fig. 1. (a) Crystal plate scanner and exchanging system at BL26B1. (b) Twin-armed sample exchanger 

SPACE at BL26B2. 

 

(a) (b) 
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BL29XU 

(RIKEN Coherent X-ray Optics) 

 

BL29XU is a unique 1-km length beamline. The 

light source is a standard undulator with a length of 

4.5 m. This beamline 

e consists of an optics hutch and four experimental 

hutches. Various R&D projects are performed on 

the instruments in the front-end section as well as 

the transport channel section such as the double 

crystal monochromator, higher-harmonics rejecting 

double mirrors, TC slits, and beryllium windows. 

The vibration of the double crystal monochromator 

was intensively studied and was significantly 

reduced. Among the double mirrors to reject higher 

harmonics of light, the downstream mirror contains 

two strips of parabolic mirrors. The mirrors have a 

focal length of approximately 48 m, which equals 

the distance between the mirror and light source, 

realizing two settings of the glancing incidence 

angles of 5 mrad and 3 mrad. This mirror also 

contains a strip of a flat mirror. The parabolic 

mirrors allow a parallel X-ray beam to be obtained 

by reflecting X-rays. Reflecting 8-keV X-rays on a 

parabolic mirror with a 5-mrad incidence angle 

reduces the vertical angular divergence from 9 rad 

without mirrors to 0.4 rad. 

The most advanced uses of coherent X-rays are 

intensively pursued at BL29XU. These include 

coherent X-ray diffraction imaging (lensless X-ray 

microscopy) and total-reflection mirror optics 

development with ultimate precision. An instrument 

for high spatial resolution computed tomography 

(CT) has also been extensively developed. High-

speed CT equipment for on-the-fly measurements 

was constructed in FY2017. In FY2018, highly 

mobile phase CT equipment based on Talbot  

 

Fig. 1. Photograph of phase CT equipment designed 

and manufactured in FY2018. X-rays are 

incident from the left side and illuminate the 

sample, which is a phase object set on a 

rotation stage. Modulated phase due to the 

sample is measured by analyzing the 

interferogram obtained by a Talbot 

interferometer using a phase grating and an 

amplitude grating. Detector is set on the xz-

translation stage and a tilt stage. 

 

interferometry was designed and manufactured (Fig. 

1). It consists of stages for sample alignment, 

double gratings (a phase-type and an amplitude-

type), and an imaging detector. 

The most advanced scientific results achieved in the 

fields of X-ray coherent imaging are briefly 

described as follows. Until FY2017, the 

collaboration team of Y. Takahashi and M. Tada, 

which belong to the Structure Visualization Team of 

RIKEN SPring-8 Center, combined hard X-ray 

ptychography and CT techniques to acquire EXAFS 

properties of three-dimensional samples with a 50-

nm spatial resolution. The method is named 3D-

HXSP (Hard X-ray Spectro-Ptychography) method. 

Using data science, they visualized and traced the 
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oxidization process inside a material. Their result 

will be applicable to the analysis of chemical states 

of nanostructures in various advanced functional 

materials [1].  

The static structure and dynamics of aqueous 

hydroxyapatite colloids were investigated by SAXS 

and XPCS. Above a certain concentration, a phase 

transition occurs between the isotropic and liquid 

crystal phases, and the scattered image changes 

from axisymmetric (circular) to an anisotropic [2]. 

The X-ray vortex has an orbital angular momentum 

(OAM), and can be used as a probe for novel 

spectroscopy via the interaction, which depends 

sensitively on the X-ray OAM and the spin angular 

momentum in the material. A clockwise or an anti-

clockwise spiral phase distribution with integer 

multiples of 2 around the center is 

indistinguishable from the identical image of an X-

ray vortex beam with a donut ring and a zero 

intensity at the center.  

Y. Taira, who belongs to the SR Imaging 

Instrumentation Team of RIKEN SPring-8 Center, 

developed a method to discriminate the OAM of the 

focused X-ray vortex beam using a diffracted image 

through a triangular aperture set at the focal plane. 

The simple method meets the requirement for the 

novel spectroscopy [3].  

T. Kameshima, who belongs to the JASRI XFEL 

Utilization Division, developed an X-ray indirect 

imaging detector. This detector converts the X-ray 

to visible light using a cerium-doped ceramic LuAG 

(Lu3Al5O12) scintillator on a transparent ceramic 

layer of a non-doped LuAG substrate. He showed 

that this detector can resolve a Line and Space 

(L&S) pattern with a pitch of 200 nm and a 

relatively high contrast [4]. This detector is best 

suited for three-dimensional imaging of buried 

wirings in semiconductors or resolving various 

organs or neurons in biological specimens. Finally, 

experiments to evaluate various optical elements 

(e.g., self-seeding crystal optics) and detectors (e.g., 

SOPHIAS and CITIUS detectors) for SACLA and 

SPring-8 II facilities were intensively performed at 

BL29XU. 
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BL32B2 

(R&D-BM) 

 

BL32B2 is a beamline with a bending magnet as a 

light source. It consists of one optics hutch and two 

experimental hutches.  

To efficiently use high-energy X-rays over 60 keV, 

a new double silicon crystal monochromator was 

introduced in the transport channel during FY 2018. 

It is designed so that the crystal plane can be 

changed from Si(111) to Si(311) or Si(511) plane, 

allowing higher energy X-rays to be utilized. The 

crystals are indirectly cooled by water. Two mirrors 

are installed to reject higher-order reflections from 

monochromator crystals. They are both 1-m long. 

To deflect the X-rays downwards, the first one is a 

flat mirror with platinum-coated and rhodium-

coated areas, both of which are 15-mm wide. The 

other one is a partly 10-mm-wide platinum 

cylindrical mirror, where the remaining area 

contains a 15-mm-wide platinum-coated area and a 

15-mm-wide rhodium coated area. This mirror 

deflects the X-rays upwards. Several ion pumps are 

introduced in the transport channel. 

The first experimental hutch (EH 1), which has an 

entrance Be window located 53.6 m from the source 

point, was mostly used for performance tests of X-

ray imaging microscopy using a Fresnel zone plate 

as an objective lens. This microscope can also 

measure the spatial distribution of EXAFS signals. 

Tests were conducted by the Structure Visualization 

Team in RIKEN and Rigaku. The second 

experimental hutch (EH 2), which has an entrance 

Kapton window located 70.75 m from the source 

point, was utilized for the experiments related to 

battery science performed by NEDO (New Energy 

and Industrial Technology Development 

Organization) and Kyoto University. A vacuum pipe 

is connected between EH 1 and EH 2 during the 

experiments at downstream EH 2 to avoid the X-ray 

attenuation by air. In FY2019, this beamline will be 

utilized as the RIKEN beamline and the Facility 

Development Bending beamline. Experiments will 

focus on R&D of SR instruments. 
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BL32XU 

(RIKEN Targeted Proteins) 

 

BL32XU, which is the RIKEN target protein 

beamline, is dedicated to high-resolution diffraction 

data collection from protein microcrystals under our 

R&D. Since FY2015, we have been developing a 

fully automated data collection system dedicated to 

protein crystallography named ZOO at SPring-8 in 

Japan [1, 2]. This system supports all experimental 

schemes in goniometer-based data collection from 

protein crystals. Because ZOO has achieved un-

attended data collection, remote users can acquire 

high- resolution datasets using SPring-8 just by 

sending crystals. 

The ZOO system was initially developed at the 

microfocus beamline BL32XU at SPring-8 by 

combining a brilliant microfocus X-ray beam, pixel 

array detector, and automated sample changer. The 

system consists of several programs such as one for 

automatic loop centering, two-dimensional raster 

scanning, defining crystal size and positions, and 

estimating radiation damage. An automated data 

processing system immediately processes the 

collected datasets using a PC cluster [1].  

The ZOO system controls data quality well by 

automated crystal selection and managing radiation 

damage. Enhanced experimental efficiency and data 

quality accelerate the accumulation of better 

datasets. Merging many datasets improves the 

signal-to-noise ratio required for higher resolution 

structure determinations. The synergy provided by 

the ZOO system has accelerated high-resolution 

structural analysis of challenging samples [3-5]. The 

ZOO system can collect 200–300 full datasets 

within 24 h from crystals larger than 50 µm (one-

crystal/one-loop). This is useful for fragment-based 

drug design by examining a large number of crystals 

in a complex with small ligands.  

To support such projects, we started a scrap-and-

swap beamline BL45XU at SPring-8 at the end of 

FY2018. The SAXS activity of the beamline was 

finally switched to high-throughput protein 

crystallography. Beamline operations will be 

resumed in May 2019. The beamline is dedicated to 

automated data collection from protein crystals with 

sizes ranging 10–500 µm with a flexible beam size. 

All types of crystals (e.g., LCP crystals for multiple 

small-wedge data collection and soluble protein 

crystals for normal rotation or helical data 

collection) are welcome. Users do not need to come 

to Japan. They can simply send their crystals and a 

data backup disk to SPring-8. After data collection 

with ZOO, the samples are returned along with the 

collected datasets and processed diffraction data.  

The ZOO system has greatly enhanced the 

experimental efficiency in goniometer-based data 

collection. We are now developing efficient crystal 

harvesting to enhance the throughput to harvest 

protein crystals from crystallization plates. 

Crystallization via the lipid mesophase method 

presents some technical challenges. In the lipid 

mesophase method, crystallization is often 

performed using the glass sandwich method. 

Literally, it is a special plate that maintains the 

crystallization conditions by sandwiching a spacer / 

double-sided tape with a hole between two pieces of 

glass. Crystals come out in the holed part of the 

spacer. After checking with a microscope, the glass 

in that part is scratched and broken to scoop the 

crystal. This process requires mature technical skills. 
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Occasionally inexperienced experimenters cannot 

identify problems occurring in diffraction datasets. 

Problems may result from the crystal scooping 

process or from the intrinsic diffracting power of the 

crystals.  

Another difficulty in harvesting crystals is limited 

time. To maintain the crystallization condition, the 

harvesting time should be less than 15 s after 

breaking the glass plate. After 15 s, various 

conditions change, degrading the crystal quality. 

Depending on the skill level of the experimenter, 

only 20–30% of the crystals obtained by 

crystallization can be used for diffraction 

experiments. (The degraded crystals are inevitably 

discarded before freezing.)  

In FY2018, we undertook a joint research project 

with Kyoto University to solve this problem. We 

studied a method to collect diffraction data without 

removing crystals crystallized by the lipid 

mesophase method from the plate. A Diffrax plate 

manufactured by Molecular Dimensions can be 

used as a substitute for glass to crystallize with two 

films possessing a high water barrier property and a 

low X-ray scattering power. When crystallization is 

finished, the film is cut with scissors, frozen as-is, 

and used for diffraction experiments. The holder 

attached to this plate clips the film. However, the 

film itself sways during the measurement, hindering 

the collection of a better diffraction.  

To stabilize the position of the cut film during 

measurements, we developed a new film holder. 

Now, all crystals produced can be frozen and used 

for measurements without removing the crystals 

from the film. Actually, this method can measure 

samples that are five times more numbers than the 

previous method.  

We recently developed an automatic measurement 

program for this large-area holder, which is about 6 

mm in diameter and is cut from plastic plates. First, 

the robot arm was modified so that the sample 

exchanger robot could grab this holder. Since the 

large-area holder must be adjusted at the center of 

the X-ray, an optical microscope with a large field 

of view is required. For this reason, we introduced 

an optical microscope with a large field of view, 

allowing accurate positioning of the holder at the 

center of the X-ray. A high-magnification camera is 

also introduced to adjust the orientation of the 

holder perpendicular to the X-ray. The camera 

views the holder from the top in order to align the 

holder at the focal spot of the X-ray. Consequently, 

we successfully automated data collection from the 

crystal after aligning the large holder to the X-ray 

center, adjusting the posture, and specifying the 

crystal position by a two-dimensional raster scan. In 

the future, we plan to focus on automation from the 

crystallization plate to freezing the measuring 

holder. 
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BL43LXU 

(RIKEN Quantum NanoDynamics) 

 

In FY2018, BL43LXU was dedicated mostly to user 

experiments [1]. However, some time was allocated 

to the installation and commissioning of new 

equipment (see below). The present report 

emphasizes both the changes and the problems at 

the beamline in an effort to provide an accurate 

record of progress and useful information to others  

 

 

Fig. 1. High-temperature vacuum furnace. Upper 

left is one of the carbon composite heaters. 

Upper right is the sample unit before 

installation in the vacuum chamber. Lower 

panel shows the furnace in use at BL43LXU. 

working on developing Synchrotron Radiation (SR) 

instrumentation. 

Work at the experimental stations was largely 

performed by members of the Materials Dynamics 

Laboratory with the assistance of members of 

JASRI and RIKEN as well as members of the 

RIKEN beamline support group for some projects. 

Help from part-timers included more general 

beamline tasks (Hattori) and work on technical 

drawings (Taguchi). Additionally, full-time 

members of the engineering team (Nagare and 

Umezawa) focused on specific BL43 tasks, 

including the standard start-up of the LN2 cooling 

for the mirror and monochromator, beam size 

measurements, and setup of sample refrigerators. 

This is an ongoing process, which is complicated by 

the multiple setups at BL43LXU. 

The upstream BL components (electron orbit, IDs, 

and mirrors) were stable during FY2018. The orbit-

correction protocol operated smoothly without ID 

issues. The high-heat-load mirror (M1) operated 

without changes and was reasonably stable when 

used. The BPMs (SiC quadrant) is now well 

integrated into standard operations. 

 

1. KB for 21.747 keV 

Mirror substrates for an elliptical KB pair were 

delivered from J-Tec and then coated. The initial 

coating (by Incoatec) failed to meet the required 

specifications. (Part of the issue was an 

intermediary company was not transparent with 

communications.) However, recoating by 

Osmic/Rigaku solved this issue. Osmic is thought to 

be more capable of precise d-spacing control. The 
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mirror reflectivity and uniformity were verified and 

found to be reasonable. The first focusing tests are 

slated for fall of 2019. 

 

2. 1600 °C Furnace 

After repeated failures and a significant loss of 

beamtime because a user furnace was unable to 

sustain high temperatures, a new furnace was 

designed by A. Baron with help from M. Inui 

(Hiroshima University) and K. Matsuda (Kyoto 

University). The new furnace uses carbon 

composite heaters instead of tungsten or 

molybdenum wire heaters, fundamentally changing 

the entire internal structure and concept of the 

furnace. This new setup performed well. It stably 

held temperatures in excess of 1560 °C achieved in 

a vacuum over ~48 h period. Additionally, the 

heaters are suitable for repeated use (for four cycles 

per day).   

This is a dramatic improvement over the previous 

furnace. The new furnace allows good data 

collection for liquid Fe and Co using both 0.8- and 

1.3-meV resolutions. It is noteworthy that there was 

one occasion where the feedback failed and a Mo 

part (perhaps ~10 g of Mo) was melted and pooled 

on the lower ceramic insulator, indicating the 

temperature exceeded 2600 °C before the heaters 

failed. On another occasion, operations at 1900 °C 

were possible but only for a few hours before the 

heater failed. Thus, 1560 °C is thought to be reliable, 

but higher temperatures will require some work 

because all the heaters should be capable of 

achieving > 2500 °C. 

 

3. Cryomagnet 

We continued to commission the 7-T cryomagnet. 

This was originally a project of a post-doc who left 

suddenly to take a permanent job in his home 

country. The initial tests with the beam at 

BL43LXU in FY2015 failed because Oxford 

Instruments had set the heat-switch current too 

conservatively (35 mA vs. a typical value of 72 mA), 

and they were not able to help until the experiment 

ended. We planned another experiment in June 2019 

with D. Bessas, who was visiting from ESRF. 

During this time, the system controller failed (it had 

to be taken to Oxford Instruments in Tokyo to be 

fixed), a window developed a leak, and the 

Temperature control was slow, suggesting a 

blocked needle valve. These issues were addressed 

during the summer of 2019, and partly included re-

designing the window with the intermittent leak.  

 

 

Fig. 2. 7-T cryomagnet installed on the high-

resolution spectrometer. 
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The system performed well during testing (T was 

controlled from 2 K to 300 K, and H < 1 T) in 

September 2019. Many small auxiliary pieces were 

then ordered. More work is planned for December 

2019. Our hope is that the Oxford system will not 

develop any new failure modes. 

 

4. Medium-resolution spectrometer 

This spectrometer operated during January and 

February 2019. Reasonable datasets were collected 

for several samples, including liquid hydrogen in a 

DAC. 

 

5. High-resolution spectrometer 

This spectrometer operated reasonably for most of 

the year, except for issues with the granite becoming 

scratched, presumably due to drift in the 

alignment/floor stability. In FY2018, with help from 

the Engineering Team, the airflow to the airpads 

was significantly enhanced, and the float heights of 

most pads increased to 20–30 microns. These 

improvements should make the system less 

sensitive to slight alignment drifts. We have also 

contacted Huber Diffraktiontechnik about re-

polishing the granite. Hopefully, they will respond 

in a timely fashion. Additionally, a Pilatus CdTe 

300M was purchased by SPring-8. It can be used to 

measure diffuse scattering and powder diffraction 

on the high-resolution spectrometer. Work 

continued with the sub-meV setup because this is 

thought to be interesting to the broader community. 
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BL44B2 

(RIKEN Materials Science) 

 

BL44B2 employs the total-scattering detector 

system OHGI [1], which is composed of 15 

independent microstrip modules (MYTHEN; 

Dectris). The raw data form two columns: channel 

number and intensity. For data analysis such as 

Rietveld and pair distribution function analyses, 

data between modules must be connected, and the 

channel number must be converted to the scattering 

angle 2θ according to the detector geometry. Taking 

advantage of overlapping angles in OHGI, multiple 

independent data can be readily connected. The 

channel–2θ conversion parameters (radius and 

center angle of each module) can be obtained using 

both a calibrated wavelength and a reference sample. 

For each X-ray energy, these parameters were 

incorporated into the software. The radius 

parameters depend on the X-ray energy since the 

penetration depth to the Si sensor is a function of 

energy. Furthermore, correction factors for X-ray 

response non-uniformity (XRNU), which are 

obtained by ReLiEf [1], were incorporated into the 

software. There is a table for the correction factors 

of every energy threshold in the detector system, 

which can be updated on demand since XRNU 

tends to be influenced by the sensor and 

experimental conditions as well as the threshold. 

Using a web-based software written by Electron 

(GitHub), 15 independent data were corrected, 

converted, and finally connected automatically (Fig. 

1). The software is equipped with an optional 

function so that the intensity at a registered bad 

channel is interpolated using the neighboring 

channels. In microstrip and pixel detectors, the 

number of bad channels (pixels) increases with time. 

Furthermore, the software can process multiple 

datasets simultaneously. For example, high-

resolution measurements provide two datasets 

measured at different angles. Thus, the software 

plays a key role in processing data for structural 

analysis. 

 

 

Fig. 1. Interface of the data-processing software for 

OHGI. 
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BL45XU 

(RIKEN Structural Biology I) 

 

BL45XU is equipped with vertical tandem 

undulators consisting of two stations: small-angle 

X-ray scattering (SAXS) and small- and wide-angle 

X-ray scattering and diffraction (SWAXS/D). Both 

can be independently operated. The beamline was 

constructed in 1997 originally for SAXS [1] and 

protein crystallography (PX). From FY2008 the PX 

station changed to the SWAXS/D station. The 

SWAXS/D station was used to develop new 

equipment and methods by in-house staff [2]. Hence, 

the SAXS station was utilized only for user 

operations, including SWAXS/D users. The usable 

energy range of X-rays in the beamline is from 7 

keV to 13 keV. The energy is typically fixed around 

12.4 keV. The photon flux at the SAXS station is ~3 

× 1012 photons/s, and the beam size is 300 (h) m × 

150 (v) m. The camera length can be changed from 

0.2 m to 3.5 m. From FY2012 to FY2016, we 

upgraded the utility of the SAXS station with 

support by Platform for Drug Discovery, 

Information, and Structural Life Science (PDIS) 

from the Ministry of Education, Culture, Sports, 

Science and Technology (MEXT) of Japan. The 

PILATUS 3X 2M detector was installed first. 

Station control GUI software, including the data 

processing program, was upgraded. Then an in-

vacuum flow cell and online FPLC system were 

developed. Afterward, a sample changer was 

installed. Since FY2017, the Basis for Supporting 

Innovative Drug Discovery and Life Science 

Research (BINDS) has supported an upgrade to the 

Bio-SAXS equipment as well as academic and 

industrial biological scientists. In FY2018, the 

introduction of the online FPLC system had 

contributed to the sophistication of user 

experiments, and a guard pinhole was installed in 

the front of samples for WAXS/D measurements. 

Most of the beamtime (~60%) of the SAXS station 

was allocated to RIKEN projects, 25% was 

allocated for R&D studies of public user projects, 

and the remaining 15% was allocated to internal 

Bio-SAXS users through the BINDS project. 

RIKEN and public projects include both structural 

biology and materials science projects [3-6]. The 

SAXS and SWAXS/D stations of BL45XU were 

closed in December 2018 for reconstruction for 

other purposes. 
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5-3. Contract Beamlines 

 

BL22XU 

(JAEA Actinide Science I) 

 

1. Introduction 

BL22XU was constructed as JAEA’s fourth 

beamline (the hard X-ray undulator beamline) in 

the Storage Ring and the RI Laboratory to research 

radioactive materials containing transuranium 

elements. BL23SU and BL22XU are 

complementary. BL22XU promotes basic and 

applied research on nuclear energy and Fukushima 

environmental recovery research. 

Because the original monochromator had difficulty 

measuring spectra, especially XAFS measurements, 

the monochromator was replaced during the 

summer maintenance period in FY2018. The new 

one is a cam-type monochromator with a 

multi-crystal switching system [1-2]. Si(111) and 

Si(311) crystals can be arbitrarily switched in a 

vacuum and in a low-temperature environment. 

This monochromator is applicable for X-rays of 6–

70 keV. The start-up operations of the 

monochromator are complete and it has been 

operational since late November 2018. 

In addition, the experimental equipment to 

promote Fukushima environmental recovery 

research and 1F decommissioning research will be 

relocated and optimized for BL22XU. 

 

2. Experimental hutch 1 

2-1. High-pressure high-temperature apparatus 

for monochromatic X-ray experiments 

A cubic-type multi-anvil press apparatus can 

generate pressures up to 10 GPa and temperatures 

up to 2000 K. With this press, angle-dispersive 

X-ray diffraction (ADX) measurements and 

density measurements using X-ray absorption are 

possible. To expand the pressure region of the 

density measurement, the Osaka University group 

applied this measurement technique using the 

multi-anvil press to measurements using a 

diamond anvil cell [3]. With an external heating 

system, the density of liquid Ga metal could be 

obtained up to 10 GPa and 500 K. Density 

measurements over a wide range of high 

temperature and high pressure indicate that the 

equation of state of high temperature can be 

obtained accurately even for liquid and amorphous 

materials.  

 

2-2. Diamond anvil cell diffractometer 

The diamond anvil cell diffractometer is designed 

for both single crystal and powder X-ray 

diffraction experiments under high pressure and 

low temperature. To obtain pair-distribution 

function (PDF) data, X-ray total scattering 

measurements up to Q = 27 Å-1 were recently 

performed using high-energy monochromatic 

X-rays and a large-size two-dimensional detector 

in ambient and hydrogen gas environments. 

Because PDF is a powerful tool to investigate local 

to middle range structures, both the number of 

users for X-ray total scattering measurements and 

their targets have increased [4-8]. 

We improved the sample stage. It can now change 

sample capillary cells quickly. To improve the 

quality of the obtained total scattering as well as 
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PDF data, the PIXIA and MaterialsPDF program [9] 

developed by Dr. Tominaka were installed. Then 

we optimized the parameters of the PIXIA program 

for this diffractometer. 

 

3. Experimental hutch 3 

3-1. Hard X-ray photoelectron spectroscopy 

(HAXPES) 

(1) Decommissioning research of Fukushima 

Daiichi Nuclear Power Plant  

Chemical reactions between fission products (FPs) 

and structural materials in nuclear reactors are key 

factors to understand the FP transport behaviors 

during a severe accident (SA) and to improve 

source term analysis codes [10]. Knowledge about 

the detailed chemical properties of FPs on the 

surface of structural materials of a reactor is also 

useful for the decommissioning of the Fukushima 

Daiichi Nuclear Power Plant. Among various FPs, 

cesium (Cs) is especially important due to its high 

radiological impacts, high radiation dose, and high 

chemical reactivity [11]. Since the major structural 

material in the reactor is stainless steel (SS), 

information about the adsorption behavior of Cs on 

SS and the identification of the chemical forms of 

Cs products in the surface layers are crucial. 

We measured HAXPES spectra on the 

cross-section samples of Cs-adsorbed SS substrates 

prepared at 800 degrees under a H2O/Ar-5%H2 

atmosphere (simulated SA condition) to observe 

the electronic states of the constituent elements 

such as Cs and to identify the chemical form of the 

reaction products. By focusing an incident X-ray 

beam within 2–3-µm diameter, the spatial 

variations in the electronic states with depth of the 

cross section are observed. That is, the spatial 

distribution of the reaction products is determined 

as a function of depth.  

We also investigated the difference of the Cs 

adsorption behavior for two contents of the SS 

substrate: 0.2 wt% and 4.9 wt%. In this study, to 

understand the Cs adsorption behavior on structure 

materials in SA in a light-water nuclear reactor, the 

chemical state of Cs and its distribution on the 

surface of SS with different Si concentrations were 

investigated by HAXPES. Cs is selectively 

adsorbed at the site where Si is distributed with a 

high concentration. CsFeSiO4 is the dominant Cs 

products in case of a low Si content, while 

CsFeSiO4, Cs2Si2O5, and Cs2Si4O9 are formed in 

the case of a high Si content. The chemical forms 

of the Cs compounds produced in the adsorption 

process on the SS surface are closely correlated 

with the concentration and chemical states of Si 

originally included in SS [12]. 

(2) Electronic structures of Pt/Y3Fe5O12 (YIG) 

bilayers 

We used prototypical devices utilizing the spin 

Seebeck effect (SSE), which refers to the 

generation of a spin current arising from a 

temperature gradient in a magnetic material [13]. 

One of the most extensively studied systems, 

Pt/Y3Fe5O12 (YIG) junction, exhibits 

unconventional electronic transport phenomena 

such as an unconventional Hall effect [14]. A 

possible origin is the presence of Fe impurities 

from YIG either in the Pt layer or at the Pt/YIG 

interface, which behave as independent 

paramagnetic moments [14]. 

To elucidate the mechanism of this behavior, the 

HAXPES spectra were measured [15]. Figure 1 

shows the spectra in the Fe 1s region for both YIG 

and the samples with thin Pt layers of 2 nm and 5 

nm. The Pt/YIG samples have two components at a 
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binding energy (BE) of 7,115–7,110 eV. The large 

peak with BE ~ 7,114 eV is assigned to Fe3+ based 

on the data of YIG, in which the peak at 7,122 eV 

may be rooted in the energy loss. On the other 

hand, the other small peak at a lower BE of ~7,112 

eV is due  

 

 

Fig. 1. Fe 1s HAXPES spectra for the samples with 

the two thin Pt layers as well as YIG. Two 

dotted lines represent the binding energies 

of Fe3+ and Fe0 states. Red and blue solid 

lines stand for the components for Fe3+ and 

Fe0, respectively, which are obtained from 

the peak deconvolution. 

 

to metallic Fe (Fe0). This result supports the 

proposed origin of the anomalous Hall effect. That 

is, metallic Fe can act as a paramagnetic impurity 

in the Pt layer, giving rise to a skew scattering or 

itinerant electrons in Pt [14, 15]. 

 

3-2. Stress / imaging measurements 

In this device, deformation and state changes 

inside a material are performed by a diffraction 

method and an imaging method using high-energy 

synchrotron radiation X-rays. Figure 2 shows the 

captured longitudinal behavior of an aluminum 

alloy A1050 weld pool during the pool formation 

process [16]. Laser welding is an efficient way to 

achieve high-quality products. Here, the quality of 

the product is determined by the interaction 

between the laser and the material. However, this 

interaction cannot be observed directly because 

keyholes and molten metal induced by high-power 

density lasers are surrounded by solid metal. 

Therefore, in situ observations of internal 

phenomena were performed using a high-energy 

synchrotron radiation imaging method. In 1 ms, a 

keyhole with 

 

 

Fig. 2. Dynamic longitudinal view of a weld pool 

during the pool formation process captured 

by the X-ray imaging system (A1050). 

 

a large depth-to-diameter ratio was produced, but 

the weld pool surrounding the keyhole was unclear, 

indicating that the growth rate of the keyhole is 

higher than the growth rate of the molten pool at 

this point. At 5 ms, a large area of the molten pool 

appears around the keyhole. During this process, 

heat is transferred from the metal on the keyhole 

wall to the metal surrounding the keyhole, 

gradually forming a molten metal surrounding the 

keyhole. The trapped behavior of the weld pool 

demonstrates that the heat of the laser is first 

absorbed into the keyhole and then transferred to 

the metal surrounding the keyhole. 
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3-3. ASAXS 

An experimental system for anomalous 

small-angle X-ray scattering (ASAXS) was 

developed in experimental hutch 3. ASAXS 

measurements of steels were performed to 

characterize the elemental dispersion of Cr, which 

is crucial to understand corrosion resistance and 

embrittlement in steels. 

 

3-4. Large diffractometer 

An apparatus for Bragg coherent X-ray diffraction 

imaging (Bragg-CDI) was constructed. To evaluate 

its performance, we prepared two types of sample 

particles: one with cubic-like shapes and the other 

with particles rich in curved surfaces. The shapes 

and sizes of the particles were successfully 

reconstructed, and are consistent with the results 

from the scanning electron microscope (SEM) 

measurements previously performed. Furthermore, 

details of the internal structure such as the strain 

and reverse surface of the particles were obtained. 

This information was not available from SEM 

measurements. Our technique can be used to study 

particles as small as 100 nm [17]. Bragg-CDI should 

be a powerful technique to investigate an 

individual nanosized crystalline particle and will 

open the door for studies on a particle located 

within devices, which is inaccessible by electron 

beam techniques. 
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BL23SU 

(JAEA Actinide Science II) 

 

1. Abstract 

BL23SU, the JAEA actinide science beamline, is 

mainly dedicated to actinide material science. The 

beamline is also utilized for surface chemistry and 

biophysical spectroscopies. There are three end 

stations: a real-time photoelectron spectroscopy 

station, biophysical spectroscopy station in the 

experimental hall, and actinide science station in the 

RI laboratory building. 

 

2. Real-time photoelectron spectroscopy station 

for surface and interface research 

Research on reactions at surfaces and interfaces 

based on chemical analysis using soft X-ray 

synchrotron radiation photoelectron spectroscopy 

(SR-XPS) is conducted at the real-time 

photoelectron spectroscopy end-station of BL23SU. 

As a member of the advanced characterization 

nanotechnology platform, JAEA promotes the 

nanotechnology platform in Japan with support 

from the Ministry of Education, Culture, Sports, 

Science and Technology (MEXT). Specifically, 

JAEA established shared-use of advanced 

characterization equipment. This experimental end-

station is widely used for research on physical 

properties, functions of material surfaces, and 

mechanisms of surface reactions. 

The difference between the bcc phase and fcc/bcc 

phase for hydrogen adsorption/absorption was 

investigated by in situ SR-XPS for a PdCu alloy, 

which is a potential catalyst and hydrogen storage 

material [1]. Although the initial hydrogen 

adsorption does not impact the structure, the bcc 

phase exceeds the hydrogen diffusion rate 

compared to the bulk. The reaction site and 

hydrogen adsorption/absorption mechanism for the 

temperature dependence of surface segregation are 

related. 

Gallium nitride (GaN) is an important material for 

the development of future power electronic devices. 

Several studies on the insulating properties of 

AlGaN/GaN, physical and electrical properties of 

AlGaN/GaN with AlON, and AlGaN/GaN with the 

oxidized AlGaN were conducted by SR-XPS [2-4]. 

To realize ultralarge-scaled integrated circuits, it is 

important to elucidate the mechanisms of oxide 

formation/decomposition on Si crystal surfaces. 

SR-XPS and scanning tunneling microscopy were 

applied to study the thermal stability and 

decomposition processes of SiO2 films formed on 

Si(110) surfaces [5,6].  

Nanoparticles (NPs) are interesting materials 

because they exhibit different properties from the 

bulk such as a catalytic function. The chemical 

states of NP surfaces were studied by SR-XPS. Gold 

nanoparticles (AuNPs) prepared by plasma methods 

using 5 mM CsCl aqueous solution have Cs–Au, 

Cl–Au, and Cs–Cl–Au bonds near the surface at a 

depth of approximately 1.2 nm, whereas Cs–Cl–Au 

bonds occur in the deeper region below 2.5 nm [7].  

Two kinds of organosilica NPs fabricated from 

thiol-containing precursors, (3-mercaptopropyl) 

trimethoxysilane (MPMS) and (3-mercaptopropyl) 

methyldimethoxysilane (MPDMS), are promising 

as drug delivery vehicles. However, there is little 

information about their biodegradation properties 

based on chemical analysis. Therefore, the chemical 

states after the reaction between organosilica and 
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glutathione (GSH) were analyzed by SR-XPS. The 

disulfide bond on the surface layer of MPDMS NP 

decomposes (is reduced) by GSH, indicating that it 

has a biodegradable function for nanomedicines [8]. 

As described above, studies on the reactions and 

chemical analysis of the surfaces and interfaces of 

various functional materials have been carried out 

at the real-time photoelectron spectroscopy end-

station. 

 

3. Biophysical spectroscopy station 

The biophysical spectroscopy station at the 

BL23SU focuses on various 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) and 

a quadruple mass spectrometer (QMS). SLEEPRS 

allows transient radical species to be investigated at 

a DNA damage site in situ for the first time [9]. The 

photon stimulated desorbed ions from the irradiated 

DNA are pursued by QMS. In addition to these 

apparatuses, we installed an apparatus for liquid 

microjet for photoelectron spectroscopy during the 

beamtime as a collaboration between QST and the 

Tokyo University of Agriculture and Technology [10]. 

These unique spectrometers will identify the 

physicochemical pathways to DNA base damage 

and strand breaks, which are thought to induce 

genetic effects such as mutations and cancer. 

To reveal the role of hydration in the 

physicochemical process of DNA strand breakage, 

we investigated the decomposition of deoxyribose 

(dR) induced by K-ionization of oxygen utilizing 

photon-stimulated ion desorption during the 

irradiation of synchrotron soft X-rays to hydrated 

dR films. Water molecules surrounding a dR 

suppress the Coulomb repulsion. Hence, dR 

undergoes extensive molecular decomposition [11]. 

Although we obtained insight into the ultrafast (~10 

fs) proton transfer after K-ionization from a 

molecular dynamics simulation, little is known 

about the molecular structure produced as a result 

of K-ionization.  

To analyze the molecular structure of the products, 

we observed the oxygen K-edge XANES spectra 

before and after K-ionization. Hydrated dR films 

were prepared by exposing water vapor to the 

cooled dR film surface. XANES spectra were 

obtained by measuring the sample drain current. 

The XANES spectrum obtained after the ionization 

shows an increment of π*(C=O) peak (around 532 

eV) intensity and a decrement of σ*(C-O) (around 

538 eV). In addition to these spectral changes, 

characteristic peak structures occur in 534–536 eV. 

These peaks, which are assigned to a production of 

carboxyl group by the ionizations, are not observed 

by the ionizations of dry dR film. The aldehyde 

group should be produced by hydrolysis with 

hydration water, while the carbonyl group should be 

produced after the fragmentation of dR. The 

aldehyde can then react with a nearby water 

molecule to afford a carboxyl group. This structure 

might be formed at the strand-break termini of DNA 

due to radiation damage. When this structure is 

produced in a DNA molecule, a hydroxyl group 

remains at the strand-break terminus.  
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Fig. 1. RPES spectra of UPd2Al3. (a) Density plot of 

RPES spectra together with the U 4d5/2 XAS 

spectrum. (b) On- and off-resonance spectra 

measured at hν = 737 and 732 eV, 

respectively, and the corresponding U 5f 

difference spectrum. 

 

This hydroxyl group can easily be repaired by a 

glycosylase enzyme. By contrast, the direct effect of 

ionizing radiation on dry films can produce a --

SSB terminal structure. This structure is irreparable 

when an 8-oxo-7,8-dihydroguanine moiety is in the 

vicinity of the strand breakage. Consequently, 

hydration water may play a role in generating a 

repairable structure at the strand-break terminus 

rather than an irreparable structure upon K-shell 

ionization of oxygen [12]. 

 

4. Actinide science stations 

The RI laboratory building has a photoelectron 

spectroscopy station and a soft X-ray magnetic 

circular dichroism (MCD) station. Additionally, a 

newly developed scanning transmission X-ray 

microscopy (STXM) station has been 

commissioned. 

In the photoelectron spectroscopy station, 

photoelectron spectroscopy studies for strongly 

correlated materials such as actinide and rare-earth 

compounds are conducted. We discovered that there 

is a finite resonant enhancement of the U 5f signals 

in the U 4d–5f resonant photoelectron spectroscopy 

(RPES) [13]. For more than 20 years, its existence 

has not been confirmed. We utilized the RPES to 

image the U 5f electronic structure of uranium (U) 

compounds and revealed the nature of the electron 

correlation effect in the U compounds for the first 

time (Fig. 1) [13]. The angle-resolved photoelectron 

spectroscopy (ARPES) experiments for an Eu-

based compound were also conducted, and the 

changes in its electronic structure due to the 

antiferromagnetic transition were observed [14]. The 

result is a peculiar case where the antiferromagnetic 

transition is clearly detected by the ARPES 

experiment as the folding of the Brillouin zone in 

the momentum space. 

At the soft X-ray magnetic circular dichroism 

(XMCD) experimental station, we promote a wide 

range of research on the magnetic properties of U 

compounds, strongly correlated electron systems, 

functional magnetic materials, etc. [15-17]. To 

investigate the complicated magnetism of U 

compounds, we have recently focused not only on 

magnetic properties of the U atom but also on those 

of other elements, including non-magnetic ones [15, 

16]. For example, in the case of UCoAl, which shows 

- 118 -



 

Contract Beamlines 

a metamagnetic transition at low temperatures, 

distinct differences in the temperature and magnetic 

field dependence of the magnetic properties are 

observed between the U 5f and Co 3d electrons, 

suggesting that the Co 3d electrons play an 

important role in the magnetism of this compound 

[15].  

We also introduced a remarkable study in the field 

of spintronics. A group at The University of Tokyo 

investigated the thickness dependence of the 

magnetic properties on the (Ni1-xCox)Fe2O4 film. 

They revealed that a spinel ferrite film on a Si 

substrate with only a few nm thickness possesses 

ferrimagnetism [17]. It is expected to exhibit a strong 

spin-filter effect, which can be used for efficient 

spin injection into Si. 

The XMCD apparatus in the RI laboratory was 

relocated toward upstream of the beamline in 

January 2019 to make room for STXM. STXM will 

investigate materials generated through the 

Fukushima-Daiichi Nuclear Power Plant accident 

on Mar. 11, 2011. The STXM apparatus was newly 

equipped at the terminal position of the beamline in 

March 2019. There are two apparatuses, XMCD and 

STXM, being commissioned. 
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BL11XU 

(QST Quantum Dynamics I) 

 

1. Abstract 

BL11XU is an in-vacuum undulator beamline 

operated by National Institutes for Quantum and 

Radiological Science and Technology (QST). In 

this beamline, a switchable Si(111) and Si(311) 

double-crystal monochromator cooled by liquid 

nitrogen is installed in the optical hutch. Highly 

brilliant and directional synchrotron X-rays are 

available in the energy range of 6–70 keV. The 

experimental hutch contains four kinds of 

specialized measurement instruments for studies 

using Mössbauer spectroscopy (EH 1), inelastic 

X-ray scattering (EH 2), X-ray magnetic circularly 

polarized emission (EH 2), and surface X-ray 

diffraction (EH 3). This beamline provides 

scientists and engineers with a wide range of 

options on advanced synchrotron radiation 

research and quantum functional material research. 

 

2. Mössbauer spectroscopy 

Mössbauer spectroscopy is used as a powerful 

method in various fields such as physics, chemistry, 

biology, and earth science [1]. The Mössbauer 

effect, which is the principle behind this method, 

was first discovered using the nuclear resonance of 

191Ir. Since then 86 nuclides of 45 elements have 

exhibited a Mössbauer effect [2]. Since the 1970’s, 

synchrotron radiation (SR) has been used as a 

source for Mössbauer spectroscopy [3, 4]. The white 

energy property of SR, which typically extends to 

100 keV, is suitable for Mössbauer spectroscopy of 

those nuclides. In addition, its high brilliance, low 

angular divergence, and high polarization are 

applicable to Mössbauer studies on various 

samples under diverse situations such as high 

pressure and an in situ gas atmosphere. To improve 

the applicability of SR Mössbauer spectroscopy, 

we recently conducted a feasibility study on the 

SR-based Mössbauer absorption spectroscopy of 

99Ru, which is a high-energy nuclide. 

99Ru conventional Mössbauer spectroscopy has 

been usually performed using a radioisotope (RI) 

source since the first experiment by Kistner [5]. 

However, the nuclides have some undesirable 

properties. For example, the natural abundance of 

99Ru is only 12.7% and the recoilless fraction of 

samples is often low due to the high resonance 

energy of the first excited state of 99Ru (89.57 

keV) [6]. One superior property is its narrow energy 

width, which corresponds to the half-life of the 

excited state (20.5 ns). The width is sufficiently 

narrow to evaluate the valence via the isomer shift. 

The RI source in the conventional method is 99Rh, 

which is synthesized by 99Ru (p, n) 99Rh reaction, 

whose half-life is about 16 days. In this study, we 

challenge the first observation of the SR-based 

Mössbauer absorption spectrum of 99Ru nuclei. 

The experiments were performed at BL11XU in 

SPring-8. Figure 1 shows the experimental setup. 

The electron bunch mode of the storage ring was 

also the 203 bunch mode. The SR from the 

undulator was monochromatized by the Si(333) 

high heat load monochromator (HHLM). Then the 

SR penetrated the Cu attenuator and was diffracted 

by another Si(111) monochromator to eliminate the 

low energy SR.  
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Fig. 1. Schematic of the measurement system for SR-based 99Ru Mössbauer absorption spectroscopy. 

Instruments to reduce the lower-energy X-rays are the Cu attenuator and Si(111) monochromator. 

Transmitter is fcc-Ru NPs, and the scatterer is bulk hcp-Ru. 

 

 

Fig. 2. Results of SR-based Mössbauer absorption spectroscopy using 99Ru. (a) Intensity dependence on the 

Bragg angle. (b) Mössbauer spectrum of fcc-Ru NP vs. bulk hcp-Ru. Open circles are experimental 

data and the lines are fitting curves in both figures. 

 

The SR penetrated the transmitter sample, forming 

natural Ru nanoparticles (NPs) with a 

face-centered cubic (fcc) structure, which differed 

from the bulk hexagonal closed packed (hcp) Ru 

structure. The average sizes of the NPs were 2.6 ± 

0.5 nm. These NPs were synthesized by the 

chemical reduction method. This sample was not 

enriched, and NPs, including 100.4 mg Ru 

component, were shaped into a 5-mm-diameter 

pellet. It was arranged into a helium cryostat and 

its temperature was 4 K. SR was incident on the 

scatterer, which was bulk hcp-Ru metal. A pellet, 

which was 7-mm-diameter and contained 19.7 mg 

of the 95.5% enriched 99Ru bulk powder, was 8° 

inclined to the beam direction. It was arranged into 

a vacuum chamber and cooled to around 45 K by a 

refrigerator. It was also connected with a 

Mössbauer velocity transducer to control the 

energy of its nuclear resonance. The scattering 

from the scatterer, including internal conversion 

electrons, was detected by an array of eight APD 

detectors. 

The intensity of the nuclear resonance detected by 

the APD detector was 3 cps (Fig. 2a). With this 

counting rate, the SR-based Mössbauer absorption 

spectra of fcc-Ru NPs vs. bulk hcp-Ru was 

measured (Fig. 2b). Although it takes 72 h to 

measure the spectrum, the statistical errors in the 

spectrum are not small. However, the hyperfine 

structure could be evaluated with the following 

reasonable assumption: fcc-Ni NPs did not show 

quadrupole splitting or a magnetic hyperfine 

structure because bulk hcp-Ru showed none of 

these hyperfine structures. The isomer shift was 

estimated to be −0.04 ± 0.06 mm/s under this 

assumption and the valence state of fcc-Ru NP was 

not different from that of bulk hcp-Ru within the 

experimental error. Considering the typical isomer 
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shift value shown in Ref. 7, where the typical 

isomer shift difference corresponded to one 

electric valence (for example, between Ru3+ and 

Ru4+), was more than 0.1 mm/s, the valence states 

of the Ru atom could be discussed using this 

spectrum. Here, the FWHM of 0.5 ± 0.3 mm/s is 

reasonable when we consider the effective 

thickness of the samples using the recoilless 

fraction of Ru metal based on Ref. 8. Recently, Ru 

thin films with thicknesses of 2.5–12 nm forming 

body-centered tetragonal (bct) structures showed 

ferromagnetism even at room temperature [9]. 

However, such magnetization was not detected in 

fcc-Ru NPs despite their smaller size.  

In this study, the SR-based Mössbauer absorption 

spectrum with 99Ru was observed for the first time. 

It demonstrates that the SR-based Mössbauer 

absorption spectra can be obtained with nuclides 

whose nuclear resonant energy is around 90 keV, 

even if the transmitter samples are composed of 

non-enriched elements. The fcc-Ru NPs show the 

same isomer shifts as that of bulk hcp-Ni within a 

reasonable experimental error. 

In another experiment using this method, we 

successfully observed the synchrotron radiation 

Mössbauer absorption spectrum of the 158Gd 

nucleus, whose resonant energy was 86.5 KeV. In 

the near future, improvements of the measurement 

system will realize 99Ru and 158Gd SR-based 

Mössbauer absorption spectroscopies of various 

complex materials. 

 

3. Inelastic X-ray scattering 

One of the main activities in EH 2 is to study 

element-selective and momentum-resolved 

electronic excitations in transition-metal 

compounds, especially in strongly correlated 

transition-metal oxides using resonant inelastic 

X-ray scattering (RIXS) at the K-edge of the 3d 

transition metal and the L-edge of the 5d transition 

metal [10, 11]. These absorption edges are located in 

the hard X-ray regime, and an inelastic scattering 

spectrometer for hard X-rays is installed in the 

hutch. Observations of the excitations enable one 

to clarify electronic interactions that govern the 

electronic properties. Another activity using the 

spectrometer is to investigate the electronic states 

of functional materials such as catalysts and 

electrodes in the battery by means of X-ray 

emission spectroscopy (XES) or 

high-energy-resolution fluorescence-detected 

X-ray absorption spectroscopy (HERFD-XAS) [12, 

13]. Taking advantage of the high transmission of 

the hard X-rays one can measure spectra of the 

materials under operando conditions, leading to a 

guiding principle to improve the functions. 

The analyzer is a key component to ensure the 

performance of a spectrometer. The energy of the 

scattered or emitted photons in a certain range of 

the solid angle is resolved in an angle-dispersive 

manner, namely, the energy is determined by the 

Bragg angle of the spherically-bent analyzer 

crystal. If a high energy resolution is required, the 

analyzer crystal is diced into small blocks to 

release the stress of the lattice. We are fabricating 

diced analyzers in-house following a procedure 

developed at the Advanced Photon Source [14].  

The spectrometer at BL11XU can mount three 

analyzers. This year, we completed the fabrication 

of three analyzers for Ge(111) crystal. The Bragg 

angle of the Ge(333) reflection matches the energy 

of the Mn K emission, and the analyzers were 

used for operando HERFD-XAS of Mn12 

molecular-cluster batteries. 

- 122 -



 

Contract Beamlines 

4. X-ray magnetic circularly polarized emission 

In response to the demand for observations of 

magnetic domains well below the surface of a 

specimen, we have been developing a magnetic 

microscope utilizing an X-ray magnetic circularly 

polarized emission (XMCPE) at BL11XU. 

XMCPE is a recently reported magnetooptical 

effect in the X-ray emission [15]. A large flipping 

ratio around 20% in the hard X-ray region is 

suitable for observations of magnetic domains 

located inside materials.  

Crucial components of an XMCPE microscope are 

(i) the focusing optics, (ii) collimating optics, and 

(iii) circular polarization analyzer (Fig. 3). The 

lateral resolution is reduced by the focusing optics, 

and two compound refractive lenses were equipped. 

The focus size of each lens, which was measured 

by a wire scan, is about 10 μm. The collimating 

optics transforms a divergent fluorescence X-ray 

beam into a well-collimated X-ray beam. We 

employed a laterally graded multilayer Montel 

mirror. The acceptance angle of the mirror is 21 

mrad × 21 mrad, and the multilayer period is tuned 

for 6.4 keV (Fe Kα emission). The circular 

polarization analyzer consists of a phase plate 

 

 

Fig. 3. Schematic of the XMCPE microscope in 

BL11XU. 

(diamond 220) and a linear polarization analyzer 

(Ge 440). The diamond phase plate converts the 

circular polarization to linear polarization, and the 

converted linear polarization is evaluated by the 

linear polarization analyzer. The obtained linear 

polarization agrees with the initial circular 

polarization. 

We performed magnetic domain observations of a 

grain-oriented electrical steel sheet using this 

microscope. The step size was 30 μm (x) and 65 

μm (z). About 5000 points were measured. The 

measurement time per point was 4 s. The incident 

energy was 17.3 keV, and the exit angle was 45°. 

We successfully observed the basic stripe domains 

and several lancet domains. 

 

5. Surface X-ray diffraction 

The third experimental hutch is equipped with a 

surface X-ray diffractometer connected with a 

molecular-beam-epitaxy (MBE) chamber [16-18]. 

This instrument is designed for in situ studies on 

III-V group semiconductor surfaces, especially 

surface crystallography under MBE conditions and 

growth dynamics of multilayer and nanostructures. 

The III-V group semiconductors are nitrides such 

as GaN and InN and arsenides such as GaAs and 

InAs, which can grow by exchanging two-types of 

MBE chambers. 

The nitride-MBE chamber with an upgraded 

vacuum pumping system enhanced the flow rate of 

nitrogen gas and achieved a 75% increase in the 

growth rate. This facilitates in situ structural 

analysis of the nitrides under high growth rate 

conditions as well as reduces the crystal growth 

time. Our recent activity on nitrides focuses on the 

evolution of lattice strain and the indium 

composition at the InGaN/GaN heterointerfaces. 
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Using the arsenide-MBE chamber, we performed 

in situ X-ray diffraction to investigate the 

evolution of lattice deformations in several 

heterostructures such as 

InGaAs/(InAs)/GaAs(111)A, GaAsSb/GaAs(001), 

and GaAs/Si(111). In particular, the 

InGaAs/(InAs)/GaAs(111)A multilayer structures 

should reduce the threading dislocation density in 

InGaAs films, but the behavior of lattice 

deformation during crystal growth remains 

unclarified. As a result of in situ X-ray diffraction, 

we found that InGaAs directly grown on 

GaAs(111)A shows an anomalous lattice shrinkage 

along the c-axis without affecting the indium 

composition at the initial growth phase [19]. 

Conversely, the InGaAs grown on 

InAs/GaAs(111)A does not show initial lattice 

distortion, but a variable indium composition. 

Moreover, the evolution of the diffraction peak 

broadening was also monitored. The results 

confirm that the thin InAs layer effectively 

improves the crystal quality during the initial 

growth of InGaAs. 
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BL14B1 

(QST Quantum Dynamics II) 

 

1. Overview 

BL14B1 is designed for various experiments on 

diffraction and X-ray absorption fine structure 

(XAFS)-type spectroscopy in the energy range of 

5–90 keV for monochromatized beams and 5–150 

keV for white beams. The main optics refers to the 

standard SPring-8 bending magnet system with 

two mirrors and a fixed-exit double-crystal 

monochromator. These optical elements can be 

removed completely for experiments with white 

X-rays. This beamline has two experimental 

hutches. One is dedicated to high-pressure and 

dispersive XAFS experiments with white X-rays. 

The other is dedicated to structure analysis of 

surfaces, interfaces, glass, ferroelectrics, catalysts, 

and metals with monochromatized X-rays. 

BL14B1 can be a one-stop platform for the 

development of novel functional materials by 

complemental use of white and monochromatized 

X-rays. 

 

2. High-pressure and high-temperature 

experiments 

High-pressure and high-temperature synthesis 

studies have been carried out at the high-pressure 

experimental station. In situ synchrotron radiation 

X-ray diffraction measurements allow structural 

changes of a sample to be detected under high 

pressure and high temperature. Thus, we can easily 

search the synthetic conditions of novel materials. 

Additionally, the system can be used to investigate 

reaction mechanisms. 

We are trying to synthesize novel aluminum-based 

hydrides. Here, 3d transition metals are selected to 

alloy with aluminum. These metals are known to 

have a low hydrogen affinity. In other words, they 

do not form hydrides around ambient pressure. 

However, some form hydrides under high pressure 

around 10 GPa by alloying with aluminum. In 

FY2018, we found formations of novel Al–Cr and 

Al–Mn hydrides under high pressure. As the 

formed hydrides can be recovered at ambient 

conditions, we are currently characterizing their 

thermodynamic and crystallographic properties. 

We have also been investigating hydrogenation 

reactions of pure 3d metals. As described above, 

they are hydrogenated only at high pressures and 

cannot be recovered at ambient conditions. Thus, 

such reactions should be investigated using in situ 

measurement techniques such as synchrotron and 

neutron diffractions.  

We have reported the formation of FeHx where Fe 

atoms form a hexagonal closed packed structure 

(hereafter referred to hcp-FeHx) for a hydrogen 

concentration x < 0.6 [1]. Hcp-FeHx was absent 

from previously reported phase diagrams of the 

Fe–H system because previous works were 

conducted for hydrogen-rich conditions x >> 1. 

The crystal structure of hcp-FeDx was investigated 

by an in situ neutron diffraction technique. Here, 

deuterization conditions were carefully 

investigated using synchrotron radiation X-rays. 

Additionally, the complementary use of 

synchrotron and neutrons allows hydrogenation 

reaction of metals to be studied under high 

pressure efficiently and quickly. 

 

3. Stress 
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Since 2017, we have been developing a 

two-dimensional detector for white X-rays and a 

new stress measurement method using this detector 

[2]. One of the problems of stress measurements 

using the X-ray diffraction method is difficulty 

applying to materials with coarse grains. To solve 

this problem, the double-exposure method (DEM) 

using monochromatic X-rays was developed [3]. 

However, the method has a problem in which the 

Bragg diffraction from crystal grains in the X-ray 

irradiation region does not occur unless the sample 

is rotated.  

We developed a new method, which is a 

combination of the DEM and the developed 

detector with white X-rays (DEM-WX) [4]. In this 

method, by measuring the Laue spots from the 

sample while changing the distance between the 

sample and the camera, the position of each Laue 

spot in the sample and the stress at that position 

can be calculated by geometric analysis. 

Figure 1 shows the strain distribution of austenitic  

 

 

Fig. 1. Strain distribution of austenitic stainless 

steel with a grain size of 300 μm bent at 

four points. 

four points. The dotted line represents the strain 

stainless steel with a grain size of 300 μm bent at 

calculated by a strain gauge placed on both sides. 

The measured strain using the DEM-WX 

corresponded to the applied strain. We revealed 

that the DEM-WX is useful for strain 

measurements of coarse-grained materials. 

 

4. XAFS 

XAFS measurements using an energy-dispersive 

optical system were performed in the white X-ray 

hutch as well as a conventional optical system in 

the monochromatic X-ray hutch [5-9]. Various 

XAFS measurements from high-speed real-time to 

low concentration observations can be performed. 

Several in situ observation conditions can be 

prepared in the energy dispersive optics hutch. 

Remote control systems such as gas flow 

controllers, switching valves, potentiostats, and 

injectors are always available. Time-resolved 

measurements are performed for gas conversion 

reactions, electrode reactions, ligand substitution 

reactions, etc. In FY2018, the reduction reaction of 

Pd ions induced by laser irradiation was observed 

by time-resolved XAFS measurements and the 

reaction mechanism was clarified [5].  

In the conventional optics system, low 

concentration XAFS measurements are performed 

using a 36-element solid stated detector. For 

example, local structure measurements of 

Cs-including clay minerals at Cs K-edge XAFS 

were carried out for stable storage and volume 

reduction of radioactive wastes. We are continuing 

research to determine the relationship between the 

layer structure of clays and the sorption state of Cs 

ions, thereby leading to mobility evaluation and 

selective collection of radioactive Cs. 
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5. Diffractometer 

Studies on the electrolyte/electrode interfaces were 

conducted using a kappa-type multi-axis 

diffractometer installed at BL14B1. The surface 

structure of the Li-ion battery electrode during 

charge/discharge cycles, interface structure 

between solid electrolyte and Pt electrodes, and 

electrode surface structures in an ionic liquid (IL) 

during the electrodeposition reaction were studied.  

Here, we report a study of the electrodeposition 

reaction in ILs using a surface X-ray scattering 

(SXS) technique. IL is defined as a salt, which is in 

the liquid state at the room temperature. ILs exhibit 

physical properties such as non-volatility, high 

conductivity, and inflammability. Because most 

ILs consist of organic compounds, their properties 

can be easily changed by altering the molecular 

structure of ILs. One application of ILs is an 

electrolyte for electrochemical devices. However, 

the reactivity of the electrochemical reaction 

differs between ILs and aqueous electrolytes. We, 

therefore, studied the electrodeposition of Bi on 

the Au(111) electrode in 

1-butyl-3-methylimidazolium tetrafluoroborate 

([BMIM]BF4) using SXS. A continuous 

ad(de)sorption of Bi atom and/or solvation Bi 

complex on the Au(111) electrode surface occurred 

during electrodeposition reaction. On the other 

hand, the Au(111) electrode surface structure 

discontinuously changed during the reaction. 

These results suggest that Bi atoms (or complexes) 

may form distinct adlattice structures and the 

structure changes depend on the coverage. 

 

6. Pare distribution function analysis 

The feature of Pare Distribution function (PDF) 

analysis at BL14B1 is that the average and local  

 

 

Fig. 2. Results of a box-car refinement of KNbO3 

at 300 K. Fit is performed by assuming a 

rhombohedral structure in the range of 1.5 ≤ 

r ≤ 5.3 Å and an average structure in the 

range of 5 ≤ r ≤ 20 Å. Note that the 

difference between the local and average 

structures vanishes above 5 Å. 

 

structures can be obtained from the consistent data 

set by collecting data of high-energy X-ray 

diffraction patterns using a large X-ray 

diffractometer. Utilizing this feature, the difference 

between the average structure and the local 

structure can be strictly visualized. Moreover, 

structural analysis can be performed efficiently 

using the average structure obtained with the same 

dataset as the initial value of the local structure 

model. These two features are indispensable 

conditions at present to experimentally improve 

the real spatial resolution of PDF.  

Figure 2 shows the results of the local structure 

analysis of potassium niobate (KNbO3) that causes 

successive phase transitions [10]. The crystal 

structure of KNbO3 at room temperature was an 

orthorhombic structure, but the local structure was 

reproduced as a rhombohedral structure. By 

comparing with the average structure obtained 

from the same dataset, we observed how the local 

structure changes to the average structure in a real 

scale. 
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BL08B2 

(Hyogo BM) 

 

1. Introduction 

BL08B2, which is the Hyogo-prefectural beamline, 

is a hard X-ray beamline designed for industrial 

applications. BL08B2 supports X-ray absorption 

fine structure (XAFS), X-ray topography, 

Imaging/CT, X-ray diffraction (XRD), and small-

angle X-ray scattering (SAXS) measurements, 

which are widely used in industry. In recent years, 

the development of new materials applicable to 

informatics technologies, so-called materials 

informatics, is actively performed to promote 

materials research. We support research and 

development in manufacturing through a coalition 

between synchrotron radiation measurements and 

informatics technologies.  

Here, two studies are featured. As a proof-of-

concept (PoC) study, the redox factor of lithium-ion 

batteries is discussed based on the feature selection 

from in situ XAFS/XRD dataset by informatics. 

Then an automatic measurement system for SAXS 

and XAFS is developed. This high-throughput 

system has already helped industrial users 

accumulate big data required for informatics 

applications. 

 

2. Combination of XAFS/XRD and machine 

learning techniques for cathode materials 

In situ XAFS/XRD is an excellent method to 

investigate changes in electronic and crystal 

structures during electrochemical cycling of battery 

materials. During this process, numerous datasets 

are obtained simultaneously, creating an enormous 

amount of data. However, data analysis and 

theoretical calculations in a timely manner are 

limiting factors. In FY2018, informatics was 

applied to feature selection as a PoC to demonstrate 

important factors related to the redox factor of 

lithium-ion batteries using machine learning. 

Important variables of spectral data from in situ 

XAFS/XRD were automatically selected by 

machine learning. The potential change in cathode 

materials (LixNi1/3Co1/3Mn1/3O2) was predicted by 

the selected features, demonstrating that these can 

be utilized to discuss factors affecting the redox 

mechanism of the cathode materials. 

Figure 1 shows the experimental setup for in situ 

time-resolved XAFS and XRD measurements of 

cathode materials under charging. XAFS spectra 

can be either obtained in step-scanning or a 

continuous QEXAFS mode. XRD patterns are 

collected using a two-dimensional (2D) detector 

(PILATUS 100k). The Ni, Co, and Mn K-edge 

XAFS in the transmission mode and XRD 

measurements were carried out in an aluminum-

laminated pouch-type cell.  

 

 

Fig. 1. In situ time-resolved XAFS and XRD 

measurement setup. 
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All of the obtained values by XAFS and XRD 

measurements were standardized prior to linear 

regression analysis. The open circuit potentials at x 

point in LixNi1/3Co1/3Mn1/3O2 were objective 

variables. The coefficient values of R2 were 

determined by the 1:1 cross validation while the 

linear regression and ensemble learning methods 

were used for feature selection. As a typical 

example, Fig. 2 shows the actual and predicted 

potentials by LASSO. The predicted model from 

LASSO was determined by the actual potential, and 

has a high accuracy. It is well known that the major 

charge compensation at the metal site during 

charging is achieved by the oxidation of the Ni2+ 

ions, which agrees well with the results of our study 

using machine learning. 

 

Fig. 2. Validation of the predicted and actual 

potentials. 

 

3. Automatic measurement system 

For high-throughput data collection toward 

informatics applications, an automatic 

measurement system was developed. This system 

contains auto-optics, sample changer robot, and 

user-friendly control software programmed by 

LabVIEW for SAXS and XAFS. 

Auto-optics is the fully automatic adjustment 

function of optics. Users only need to select the 

desired absorption edge from the element periodic 

table on the graphical user interface (GUI), then the 

monochromator, mirror, slits, optical stages and 

energy calibration will be adjusted within 30 min.  

The sample changer robot can automatically 

measure up to 80 samples of SAXS or XAFS. 

Samples can be in the form of films, plates, tablets, 

or capillaries. Each sample is mounted in a sample 

holder of a 35-mm film slide. A robot arm with a 

pneumatic chuck exchanges the sample holders. 

The robot arm can rotate the sample holder by 45 

degrees for transmission- and fluorescence-XAFS 

measurements. Figure 3 shows the sample changer 

robot during a SAXS/WAXS measurement. 

The sample changer robot performs automatic 

measurements in three steps. (1) The sample is 

picked up from a sample cassette and moved to the 

front of the CCD camera. (2) The center or selected 

position of the sample is adjusted by a vision system. 

(3) The sample is moved to the measurement 

position. After the measurement, the sample is 

returned to the sample cassette. Then the next 

sample is picked up. This procedure is repeated until 

all samples in a batch are measured. 

 

 

Fig. 3. Sample changer robot at BL08B2. Sample is 

shown in the beam position. 
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The sample changer is controlled by auto 

measurement software equipped with GUI. The 

experimental conditions can be inputted using a 

dedicated format with an Excel spreadsheet. Using 

the sample changer robot, the single-cycle 

measurement time is reduced to 1 min for the SAXS 

or QXAFS, including changing and measuring the 

sample. A batch measurement with up to 80 samples 

can be completed within 2 h. The startup and 

adjustment time for the sample changer robot is 

only 1.5 h. Hence, it is convenient for users to 

operate during their beamtime. 

 

4. Beamline statistical data 

Almost all BL08B2 users are from the 

manufacturing industry. In FY2018, users 

represented more than 20 manufacturing companies 

inside and outside the Hyogo prefecture. The main  

 

 

 

Fig. 4. Distribution by industrial application and 

measurement method. 

fields were semi-conductors, batteries, 

automobiles,and material food. Figure 4 shows the 

distributions by industry and measurement method. 

Users are interested in high-resolution, real-space 

imaging techniques such as CT, which allows direct 

and efficient imaging of structures. For decades, 

these techniques have realized direct visualization 

of structures in materials. 

 

5. Conclusions 

As shown in this report, important features of the 

redox factor during a charging process of Li-ion 

batteries can be discussed by machine learning 

based on X-ray analysis data from in situ 

XAFS/XRD measurements. To collect data 

efficiently, an automatic system for XAFS and 

SAXS measurement is developed and successfully 

tested. 
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BL24XU 

(Hyogo ID) 

 

1. Introduction 

BL24XU, which is the Hyogo ID beamline, is a 

contract beamline dedicated to industrial 

applications constructed by the Hyogo prefecture. It 

is a branched beamline employing a figure-8 

undulator light source, diamond (220) beam-

splitting monochromator for the branched line A, 

and silicon (111) double-crystal monochromator 

(DCM) for the mainstream B, and provides the 

methods for local structural analysis of materials 

(Table 1). 

BL24XU provides an effective scheme to 

investigate structure–function relationships of 

products and feedback them to material processes. 

Materials informatics utilizing machine learning is 

a promising technique to accelerate the 

development of materials in the trial-and-error stage. 

In the materials informatics approach, a number of 

specimens under different conditions are 

investigated to derive relationship among structure, 

function, and process. To improve both the 

collection efficiency and quality of data, we 

upgraded the mainstream optics. Hard X-ray 

ptychography was implemented to investigate 

structures at a spatial resolution better than several 

tens nm, which is essential for materials’ function. 

Here, we report these upgrades and describe future 

prospects of implementing the materials informatics 

approach to synchrotron radiation analyses. 

 

2. Beamline upgrades  

2-1. Upgrades of the mainstream optics 

At the end of FY2017, the mainstream optics were 

upgraded to improve the photon flux, coherence, 

and stability of monochromatic X-rays (Fig. 1). 

Prior to this upgrade, direct water-cooled DCM was 

applied, but it caused divergence of the beam and a 

strong astigmatism in the focusing optics due to the 

 

Table 1. Specifications of the measurement techniques in BL24XU. 

Measurement techniques Structural Information Spatial resolution 

Projection / imaging 

microscope / coherent 

diffraction CT 

2D/3D image 

Field of view 1 mm ~ 1 μm 

Absorption, refraction contrast  

(projection / imaging microscope) 

Absorption, phase contrast (coherent diffraction) 

0.33 μm ~ 10 nm 

Microbeam SAXS / 
WAXD / XRF 

Periodic / aggregation structures of several hundred 

nm ~ angstrom 
Distribution of crystal grains 

Elemental mapping 

5 ~ 0.5 μm 

Bonse-Hart USAXS Periodic / aggregation structures of 6500 ~ 16 nm bulk 

Highly-pararell microfocus 

diffraction, bright-field 
topography 

Local strain, dislocation 

30 ~ 0.5 μm 

(diffraction),  
0.65 μm (topography) 

Near ambient pressure 

HAXPES 
Chemical state 30 μm 
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Fig. 1. Arrangement of the beamline optics before and after the upgrade. 

 

residual heat load on the Si crystals as the emittance 

of the storage ring improved. The DCM and beam 

defining slits were too close in the experimental 

hutch to control the spatial coherence (Fig. 1). To 

address the above issues, the DCM was replaced 

with the standard liquid nitrogen cooled type [1] and 

the DCM and slits were arranged ~ 18 m upstream 

from the previous position (Fig. 1). 

In April 2018, we commissioned each measurement 

technique, except the microbeam SAXS and the 

Bones-Hart USAXS implemented in branch line A. 

The asymmetric shape of the rocking curve for the 

previous DCM was improved to the ideal shape, 

even when the slits before the DCM were fully 

opened. The reduced beam divergence yields 

approximately twice the beam intensity and nearly 

ideal focusing for each measurement technique. 

Especially for the HAXPES system, the acceptance 

of the K-B focusing mirrors was limited due to the 

heat load on the previous DCM. However, after the 

upgrade, the K-B focusing mirrors can operate with 

the full acceptance without noticeable deformation 

of DCM crystals. This realized a ten-fold increase 

in photon flux at the sample position. The beam 

stability was also improved, as demonstrated by the 

successful implementation of ptychography 

measurements, which require a high spatial 

coherence and a positional stability less than 20 nm 

during a measurement. 

 

2-2. Development of hard X-ray ptychography 

Advances in materials science reveal the 

importance of structures from micro- to nanoscale 

for understanding and controlling their properties. 

Hence, the demand for visualization of 

nanostructures in samples that are too thick for 

electron microscopy is increasing. X-ray 

ptychography has potential to meet this demand. In 

ptychography, an imaging target is scanned with a 

spatially coherent focused probe so that the 

illumination areas overlap. Then far-field 

diffraction patterns from each illumination area are 

collected and subjected to a phase retrieval with 

constraints regarding the overlap to give a projected 

complex refractive index map of the target. 

Consequently, ptychography can achieve a spatial 
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resolution beyond lens-based X-ray microscopy 

with high contrast based on the phase shift in a 

sample. 

We constructed the ptychographic nanoimaging 

system (Fig. 2 (a)) by implementing newly 

developed coherent illumination optics to the 

previously developed atmospheric coherent 

diffraction imaging system [2, 3]. Although 

ptychography is quite sensitive to drift, we achieved 

a spatial resolution of 20 nm/pixel for the resolution 

test chart fabricated on a 500-nm thick tantalum 

membrane (Fig. 2 (b)). Phase contrast maps 

obtained by ptychography display much higher 

contrast than the amplitude contrast (Fig. 2(b), (c)). 

This system will open to users in 2019A. 

 

 

Fig. 2. X-ray ptychography at BL24XU.  

(a) Photograph of the experimental setup. 

(b, c) Projection maps of a 500-nm-thick 

tantalum resolution test chart and a black 

toner particle. 

3. Future prospects 

In FY2018, we began research projects in 

collaboration with industrial users utilizing 

materials informatics. These efforts have 

highlighted the importance of analyses for blind 

decomposition of spectroscopic or scattering data 

into each component to derive key structural 

information. It is also important to reconstruct high-

quality data from noisy or imperfect experimental 

data using compressed sensing and deep learning 

approaches. In the next annual report, we will 

update the progress on the development of these 

analysis methods and their applications on materials 

science. 
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BL16XU 

(SUNBEAM ID) 

 

1. Introduction 

BL16XU, which is referred to as SUNBEAM ID, 

together with its sister beamline BL16B2, was built 

to develop various industrial materials by utilizing 

the high-brightness beam at the large-scale 

synchrotron radiation facility in SPring-8. It is 

operated by the SUNBEAM Consortium, which is a 

private organization comprised of 13 companies* 

(12 firms and one electric power group). BL16XU 

and BL16B2 began operations in September 1999, 

and the beamline use contract was renewed in April 

2018. 

X-rays emitted from an undulator are 

monochromatized, shaped, and converged in an 

optics hutch. The experimental hutch contains four 

experimental devices. Figure 1 and Table 1 

schematically depict and outline the characteristics 

of BL16XU, respectively. 

 

2. Utilization 

Figure 2 shows the utilization of BL16XU in the 

past decade. The vertical axis shows the proportions 

for users, excluding tuning and studying the 

beamline itself. The upper graphic depicts the 

utilization by field. In recent years, battery-related 

research, which is typified by lithium-ion batteries, 

is increasing. Additionally, semiconductors such as 

SiC and GaN are actively investigated.  

The lower graphic shows utilization by equipment 

(technology). Utilization of HAXPES equipment, 

which was installed in 2014, is increasing. 

HAXPES is used mainly for semiconductor 

applications. Additionally, studies for bonded 

dissimilar material structures are being conducted. 

 

 

Fig. 1. Outline of BL16XU. 

 

 

* Kawasaki Heavy Industry, Ltd., Kobe Steel, Ltd., Sumitomo Electric Industries, Ltd., Sony Corp., Electric 

power group (Kansai Electric Power Co., Inc., Central Research Institute of Electric Power Industry), Toshiba 

Corp., Toyota Central R&D Labs., Inc., Nichia Corp., Nissan Motor Co., Ltd., Panasonic Corp., Hitachi, Ltd., 

Fujitsu Laboratories Ltd., Mitsubishi Electric Corp. 
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Table 1. Characteristics of BL16XU 

Light Source In-vacuum X-ray undulator 

 = 40 mm, N = 112 

Energy range 4.5 - 40 keV 

Energy resolution (E/E) ~ 10-4 

Photon intensity, 

beam size 

~ 1012 photons/s , < 1 mm × 1 mm 

~ 1010 photons/s , < 500 nm × 500 nm 

Beam position stability ± 0.1 mm Horizontal 

± 0.8 mm Vertical ( 5.0 - 30 keV) 

Experimental facilities HAXPES, XRD, XRF, Micro-beam (Microscopy), 

Gas flow system (corrosive or toxic gas are possible) 

 

 

Fig. 2. Relative utilization times of BL16XU in the 

past decade. 

 

3. Topics in 2018 

Below research and upgrades conducted in 2018 are 

described.   

 

3-1. X-ray diffraction 

Pixel (two-dimensional) X-ray detector PILATUS 

300K CdTe was installed for use of high-energy X-

rays. Compared with the Si sensor, the CdTe is 10 

times more sensitive at 40 keV and 30 times more 

sensitive at 70 keV. 

We also installed a rotating spiral slit system to 

improve the precision of the gauge volume position 

using a two-dimensional detector. Using the 

detector and the spiral slit system (Fig. 3), the 

spatial resolutions are 0.7 mm along the incident 

beam and 0.1 mm in the orthogonal direction. The 

internal crystallographic characterizations such as 

residual stress will be carried out. 

 

 

Fig. 3. Experimental apparatus for diffraction 

measurements. 
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3-2. Microscopy system 

Prior to FY2018, microscopic analysis was carried 

out by scanning microbeam X-rays formed using a 

Kirkpatric-Baez mirror system. Advantages of 

scanning microscopy include high spatial resolution 

and ability to combine with diffraction or 

fluorescence analysis. However, its disadvantage is 

measuring time. Figure 4 shows the newly installed 

imaging microscope system equipped with FZP and 

high-resolution camera. Figure 5 shows a 

transmission image and XANES spectrum of Cu-

mesh. Using this system, CT imaging, in situ 

analysis, and micro-XAFS can be performed to 

characterize electric devices in a package or 

operando analysis of inside batteries. 

 

 

Fig. 4. Newly installed imaging microscope system 

equipped with FZP and high-resolution 

camera. 

 

Fig. 5. Image and XANES spectrum of Cu-mesh. 

 

Koji Yamaguchi 

SUMBEAM Consortium 

Sumitomo Electric Industries, Ltd. 
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BL16B2 

(SUNBEAM BM) 

 

1. Introduction 

BL16B2, which is a SUNBEAM BM beamline, 

together with its sister beamline BL16XU, was built 

to develop various industrial materials by utilizing 

the high-brightness beam at the large-scale 

synchrotron radiation facility in SPring-8. It is 

utilized and operated by the SUNBEAM 

Consortium, a private organization comprised of 13 

companies* (12 firms and one electric power group). 

BL16B2 began operations in September 1999, and 

the beamline use contract was renewed in April 

2018. 

X-rays emitted from a bending magnet are 

monochromatized, shaped, and converged in an 

optics hutch. The experimental hutch contains a 

diffractometer and multi-purpose experimental 

table for XAFS and imaging measurements. Figure 

1 and Table 1 show a schematic and the 

characteristics of BL16B2, respectively. 

 

2. Utilization 

Figure 2 shows the utilization of BL16B2 in the past 

decade. The vertical axis shows the proportions for 

users, excluding tuning and studying the beamline 

itself. The upper graphic, which depicts the 

utilization by field, confirms that BL16B2 is used in 

various industrial fields. 

The lower graphic shows utilization by equipment 

(technology). BL16B2 is mainly used for XAFS 

measurements, but diffraction and imaging 

experiments are increasing significantly, according 

to the facility investment. 

 

 

 

Fig. 1. Outline of BL16B2. 

 

 

* Kawasaki Heavy Industry, Ltd., Kobe Steel, Ltd., Sumitomo Electric Industries, Ltd., Sony Corp., Electric 

power group (Kansai Electric Power Co., Inc., Central Research Institute of Electric Power Industry), Toshiba 

Corp., Toyota Central R&D Labs., Inc., Nichia Corp., Nissan Motor Co., Ltd., Panasonic Corp., Hitachi, Ltd., 

Fujitsu Laboratories Ltd., Mitsubishi Electric Corp. 
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Table 1. Characteristics of BL16B2 

Light Source Bending magnet 

Energy range 4.5 - 113 keV 

Energy resolution (E/E) ~ 10-4 

Photon intensity, 

beam size 

~ 1010 photons/s  

< 60 mm(H) × 5 mm(V) without focusing mirror 

< 0.1 mm(H) × 0.1 mm(V) with focusing mirror 

Experimental facilities XAFS, Topography, Imaging, XRD, 

Gas flow system (corrosive or toxic gas are possible) 

 

 

Fig. 2. Relative utilization times of BL16B2 in the 

past decade. 

 

3. Topics in 2018 

Below research and upgrades conducted in 2018 are 

described.  

 

3-1. 25 element SSD 

Because BL16B2 is mainly used for XAFS 

measurements, its efficiency is continually 

improved. In 2018, to improve the sensitivity and 

energy resolution, the 19-element detector was 

replaced with a 25-element SSD detector. The 

signal processing system is digital. Trace 

constituents such as dopants in semiconductor 

devices can be measured with a high precision due 

to the high energy resolution, high counting rate, 

simultaneous multi-edge measurements, and 

separation of near peaks. 

 

3-2. Imaging system 

In the experimental hutch, a beam expander using 

an asymmetric reflection of the Si single crystal was 

installed to enhance the beam size in the vertical 

direction more than five times. Additionally, a wide-

field camera was installed. Hence, the topography 

of semiconductors such as SiC and GaN, 

tomography of large samples such as food products 

and polymers, laminography of devices and 

materials can now be observed.  

Furthermore, a He gas flow system was installed 

into the monochromator to avoid contamination for 

high-quality imaging. 

 

3-3. Measurements without exposure to air 

A glove box was installed in the BL16B2 sample 

preparation room (Fig. 3) to measure anaerobiotic 
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and corrodible materials such as Li ion batteries 

without damage. Users of SUNBEAM 

(BL16XU/B2) can use the glove box to ensure that 

measurements without exposure to air can be 

carried out for all equipment (technology) in 

SUNBEAM, including XAFS, HAXPES, and XRD. 

 

 

Fig. 3. Glove box in the BL16B2 sample 

preparation room. 

 

Koji Yamaguchi 

SUMBEAM Consortium 

Sumitomo Electric Industries, Ltd. 
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BL44XU 

(Macromolecular Assemblies) 

 

1. Introduction 

BL44XU at SPring-8, which is called the beamline 

for macromolecular assemblies, is designed for 

high-precision diffraction data measurements from 

large biological macromolecular assemblies. Since 

1999, it has been managed by the Institute for 

Protein Research (IPR) of Osaka University. This 

beamline was initially constructed with financial 

support of the Research for Future Program by the 

Japan Scientific Promotion Society, the Japan 

Science and Technology Corporation (currently 

Japan Science and Technology Agency: JST), and 

the Ministry of Education (currently, Ministry of 

Education, Culture, Sports, Science and 

Technology: MEXT). Since then, the beamline has 

been upgraded by the financial support from the 

Institute for Protein Research of Osaka University, 

the National Project on Protein Structural and 

Functional Analyses by MEXT, the Targeted 

Proteins Research Program by MEXT, the 

Platform Project for Supporting in Drug Discovery 

and Life Science Research (Platform for Drug 

Discovery, Informatics, and Structural Life 

Science) by MEXT, Japan Agency for Medical 

Research and Development (AMED), the Platform 

Project for Supporting Drug Discovery and Life 

Science Research (Basis for Supporting Innovative 

Drug Discovery and Life Science Research: 

BINDS) by AMED, the JAXA-GCF project 

‘High-Quality Protein Crystallization Project on 

the Protein Structure and Function Analysis for 

Application’ by Japan Aerospace Exploration 

Agency (JAXA), and Grants-in-Aid for Scientific 

Research by MEXT. 

 

2. Overview of the beamline 

X-ray diffraction from a crystal with a biological 

macromolecular assembly is generally weak and 

closely spaced due to its large unit cell. Therefore, 

data diffraction collection requires high brilliance 

and paralleled synchrotron radiation as well as a 

high-performance large-area detector. The light 

source of this beamline is a SPring-8 standard type 

in-vacuum undulator with 140 periods. The 

beamline consists of an optics section, goniometer 

section, and detector section (Fig. 1). 

 

 

Fig. 1. Beamline components. 

 

 

 

 

 

 

 

Optics hutch Experimental hutch

A liquid-nitrogen-

cooled Si(111) double–

crystal monochromator

Be window(FE)

39.5m37.2mFrom light 
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3. Optics section 

X-rays are monochromatized by a liquid nitrogen–

cooled Si double-crystal monochromator and 

focused (and/or collimated) by rhodium-coated 

horizontal and vertical mirrors. Various beam 

shapes and sizes are defined using a pinhole 

system to support diverse crystal shapes and sizes 

along with various measurement conditions. The 

photon flux on a sample position is about 4 × 1012 

photons/s after a 50-μm pinhole at a 0.9-Å 

wavelength. The high-speed shutter can be 

opened/closed in 1 ms. To adapt to different crystal 

sizes/shapes and experimental conditions, 12 

different pinholes are available (Fig. 2). The exit 

slit placed just after the pinhole can reduce 

background noise caused by parasitic scattering 

and air scattering. Users can change the 

wavelength between 0.7 Å and 1.9 Å without the 

assistance of the beamline staff. 

 

4. Goniometer section       

The goniometer section consists of a 

high-precision goniometer with a μ-axis, direct 

beam stopper with an x-direction translation stage, 

LED light, co-axial telescope, and cryo-stream 

cooler (Fig. 3). Very low–resolution data below  

Fig. 2. (upper) Pinhole system. (lower) Shapes and 

beam intensities after different pinholes. 

400 Å resolution can be collected with this 

beamline (Fig. 4). The goniometer is controlled by 

a high-speed air-bearing goniostat with a small 

sphere-of-confusion (< 1 μm) (Kohzu Precision). A 

crystal spindle axis can be inclined from 0° to 10° 

by the -angle axis, which is perpendicular to the 

horizontal plane to provide more freedom from the 

crystal geometry and reduce the blind region in 

reciprocal space. A crystal can be cooled to 90 K 

by nitrogen gas or 30 K by helium gas using a 

cryo-stream system (Cryo Industries of America, 

USA). 

Fig. 3. Goniometer section 

 

Fig. 4. Ultralow-resolution data from a Rice Dwarf 

Virus crystal (I222, a=768.9, b=794.7, 

c=810.4 Å) (=1.9 Å). 
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5. Detector section 

A high-efficiency two-dimensional X-ray photon 

counter, EIGER X 16M (DECTRIS), which was 

installed in 2018, is mounted on the bench with a 

wide crystal-to-detector distance of 115–800 mm, 

vertical offset of 0–150 mm, and 2θ angle of 0–15°. 

The combination of this high-speed detector and an 

automatic sample changer (described below) 

provides beamline users with high-throughput 

measurements (Fig. 5). 

Fig. 5. Detector section with a sample changer. 

 

6. Sample changer and operation software 

The beamline operation software BSS (Beamline 

Scheduling Software)[1] and a sample auto-changer 

SPACE (SPring-8 Precise Automatic Cryo-sample 

Exchanger)[2], whose mount arm was upgraded to a 

double-mount arm in 2018, are installed to unify 

user operations for all protein crystallography 

beamlines at SPring-8. Eight Uni-Pucks can be set 

in the SPACE sample storage, allowing users to 

efficiently use 12 h of beam time. 

 

7. Joint usage 

As the Joint Usage/Research Center for Proteins, 

the IPR accepts domestic and international 

researchers who work on macromolecular 

crystallography. About 50% of the beamtime was 

allocated to researchers outside of the IPR. In 2018, 

a total number of more than 800 researchers used 

the beamline. The IPR supported travel expenses 

for researchers outside of Japan under the 

International Collaboration Program by IPR. In 

addition, about 10% of the beamtime was shared 

with Taiwan users under an agreement with the 

National Synchrotron Radiation Research Center 

(NSRRC) of Taiwan (Fig. 6). 

Proposals of experiments at the beamline under the 

Joint Usage program of IPR are received in early 

December every year. In addition, urgent proposals 

are accepted at any time. 

Fig. 6. Beamtime allocation in FY2018 

 

 

8. Platform project to support drug discovery 

and life science research (Basis for Supporting 

Innovative Drug Discovery and Life Science 

Research (BINDS)) 

As a member of the Structure Analysis Unit of the 

BINDS project, we are upgrading the beamline and 

supporting data collection of large 

unit-cell-crystals and allocating about 10% of the 
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total machine time to the project. 

 

9. Output from the beamline 

Vault is a large ribonucleoprotein particle with a 

molecular mass of about 13 MDa. Its crystal 

belongs to the space group C2 with unit cell 

dimensions of a = 707.2, b = 383.8, c = 598.5 Å, 

and β = 124.7°. The beamline collected 3.5 Å 

resolution diffraction data, and its atomic structure 

was successfully solved [3].  

Various important structures were determined 

using the data collected at BL44XU: the 

B12-dependent isomerases (eliminating) diol 

dehydratase and ethanolamine ammonialyase 

complexed with adenosylcobalamin [4]; SmgGDS, 

which has dual functions in cells and regulates 

small GTPases as both a guanine nucleotide 

exchange factor (GEF) for the Rho family and a 

molecular chaperone for small GTPases [5]; 

ubiquitin by genetic fusion to the highly porous 

honeycomb lattice of R1EN [6]; p62/SQSTM1 

autophagy adapter [7]; and efflux transporter AcrB 

[8] (Fig. 7). 

 

 

10. International collaborations 

International collaborations and academic 

exchanges between the NSRRC and the IPR 

promote scientific activities under a 2017 

agreement between the two organizations. 

 

Atsushi Nakagwa*1, Eiki Yamashita*1, Kenji 

Takagi*1, Masaki Yamamoto*2,3, and Takashi 

Kumasaka*3 

*1 Osaka University 

*2 RIKEN SPring-8 Center 

*3 JASRI 
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Fig. 7. Publications of research from BL44XU 

(IF: Impact Factor). 
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BL33LEP 

(Laser-Electron Photon) 

 

1. Introduction 

BL33LEP (LEPS) uses a polarized photon beam 

produced by laser-induced backward Compton 

scattering from 8-GeV electrons to study quark–

nuclear physics. This photon beam has a large 

polarization of nearly 100% at the maximum energy 

(2.4 GeV with 355-nm laser or 2.9 GeV with 266-

nm laser), which is a great advantage in elucidating 

the photoproduction mechanism. Photon energies 

above 1.5 GeV are tagged by detecting recoiled 

electrons. The wavelength of such a high-energy 

photon is shorter than the typical size of a hadron 

(~1 fm), which consists of quarks. This beam can be 

used to investigate the substructure of hadrons (i.e., 

the quark world). We photoproduced hadrons by 

irradiating the Laser-Electron Photon (LEP) beam 

mainly to liquid hydrogen and liquid deuterium 

targets. Then forward-going reaction products are 

detected with a high-resolution magnetic 

spectrometer. Many important results have been 

obtained, including a hint of existence of the 

pentaquark +, baryon resonances, and threshold 

enhancement of the  meson photoproduction. On 

the other hand, photoproduced charged pions or 

converted electrons/positrons in the GeV energy 

region are suitable tools to test and calibrate 

prototype detectors. BL33LEP has also been used 

for test experiments as international joint usage. The 

result of the test for an aerogel Cherenkov detector, 

which will be used in a J-PARC experiment, has 

recently been published [1].  

In FY2018, we stopped the physics run at BL33LEP. 

Instead we conducted test experiments to evaluate 

the performance of new detectors for the LEPS2 

spectrometer of BL31LEP and developed two kinds 

of advanced equipment for future LEPS 

experiments. These activities are described below. 

 

2. Preparation for double-polarization 

experiments 

To date, photoproductions of mesons and baryons 

have been measured only by using unpolarized 

targets with a linearly polarized beam. However, 

double-polarization measurements for 

photoreactions with a polarized target and circularly 

polarized photon beam are sensitive means to 

investigate small and exotic amplitudes such as a -

meson photoproduction by a knockout of a possible 

strange-quark pair in the nucleon. To realize the 

double-polarization measurements, we developed a 

frozen-spin polarized HD (hydride deuterium) 

target at the Research Center for Nuclear Physics 

(RCNP), Osaka University.  

The polarization method for the HD target is static. 

According to the Boltzmann law, the polarizations 

of a proton and deuteron reach 85% and 25%, 

respectively, under the conditions of 17 T and 14 

mK. An important element for the fast growth of 

polarization and a long relaxation time is a small 

mixture of the ortho-H2 gas. Hence, we developed a 

dedicated gas analyzer system to adjust its 

concentration. After a long aging time of a few 

months at this low temperature, the polarization is 

frozen. Then we can move the HD target from 

RCNP to SPring-8 under a relatively high 

temperature (< 4 K) and low magnetic field (1 T) 

while keeping its polarization. The whole system (a 

dilution refrigerator with a 17-T magnet, storage 
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cryostat, in-beam cryostat, and two transfer 

cryostats) was constructed. The operation tests of 

each cryostat are almost complete [2]. To date, a HD 

target with a polarization of 40% and a relaxation 

time of 240 days has been realized. 

A circularly polarized beam is another important 

component in double-polarization experiments. In 

principle, circular polarization can be obtained by 

linearly polarized laser light passing through a 

quarter wavelength (/4) plate. (The laser light itself 

is almost 100% linearly polarized.) However, the 

reflection rate depends on the angle between the 

reflection plane at the mirror and the axis of linear 

polarization. Four mirrors are used to inject laser 

light to the electron storage ring.  

To produce a circularly polarized beam, we 

investigated these effects at BL33LEP for two 

different sets of third and fourth mirrors (i.e., quartz 

and Al-evaporated mirrors). In both cases, about 

36% linear polarization remained at the optimum 

rotation angle of the /4 plate, which was placed 

between the fourth mirror and laser. Next we 

combined the /2 plate with the /4 plate (Fig. 1). 

Figure 2 plots the linear polarizations of the laser 

lights measured at the storage ring tunnel against the 

rotation angle of the /2 plate when the /4 plate is 

set to a fixed angle. Under the optimal condition, the 

linear polarization almost disappears. In FY2019, 

we will insert another /4 plate at the laser beam end 

and measure the linear polarization downstream of 

this /4 plate to determine the direction of circular 

polarization. 

 

3. Intensity upgrade by a pulse laser 

synchronized with the electron bunch 

We used continuous-wave (CW) or pseudo-CW (80 

MHz) lasers at BL33LEP. We replaced the laser 

with that of newly available higher output power to 

increase the photon beam intensity every few years. 

However, increasing the output power not only 

distorted the optical components but also induced a 

faster deterioration. Since the efficiency of the LEP 

beam production is reduced, we are investigating 

ways to increase the beam intensity while 

suppressing the output power. 

 

 

Fig. 1. Setup to inject circularly polarized laser light to the SPring-8 storage ring. 
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Fig. 2. Variation of the linear polarization at the 

laser-beam end in the SR tunnel against the 

rotation angle of the /2 plate. Axis of the 

/4 plate is fixed in this measurement. 

 

The first test experiments in FY2017 demonstrated 

that the use of a pulse laser synchronized with the 

electron bunch can give a higher-intensity photon 

beam. Figure 3 depicts a conceptual drawing. In the 

case of a synchronized pulse laser, there is ideally 

no empty shot at the collision point. Because the test 

was conducted with a very low output power and 

low frequency, we were unable to evaluate whether 

it could be used in an actual experiment. This test 

was conducted in FY2018. We selected the F-mode 

(1/14 filling + 12 bunches) because a single bunch 

interval of 342.1 ns is suitable for the prepared pulse 

laser. The output pattern of the pulse laser was 

controlled by the function generator. The RF signal 

obtained from the SPring-8 storage ring was pre-

scaled and used as the external trigger of the 

function generator.  

When the trigger signal reaches the function 

generator, it sends an arbitrary waveform to the 

pulse laser. By adjusting the delay of the output of 

the function generator, the synchronized point can 

be investigated. We initially set the output power 

and frequency to 0.1 W and 208.8 kHz, respectively, 

and tuned the delay timing. Changing the delay 

timing produced 12 sharp peaks in the intensity of 

the tagging counter, which correspond to the 12 

single bunches. The timing can be adjusted so that 

the laser photons hit any electron bunch at the focus 

point. Increasing the output power and frequency 

achieved a beam intensity of 1 MHz. The present 

pulse laser is very promising to realize an upgraded 

laser system at both the BL33LEP and BL31LEP 

beamlines. 

 

 

 

Fig. 3. Schematics of the laser Compton scattering near the collision point for (left) a CW laser and (right) a 

pulse laser synchronized with a beam bunch. 
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BL31LEP 

(Laser-Electron Photon II) 

 

1. Activity in FY 2018 

BL31LEP (LEPS2 beamline) injects 355-nm UV-

laser light to the 8-GeV electron storage ring to 

obtain a -ray beam (laser electron photon) up to 2.4 

GeV by backward Compton scattering between the 

laser photons and the electron beam. We deliver this 

-ray beam to the LEPS2 experimental building, 

which is located beyond the storage ring, irradiate 

the -rays to targets, and measure the hadron 

photoproduction. 

We plan to study exotic hadrons such as a 

pentaquark candidate composed of five quarks, 

meson–baryon molecule candidates, and deeply 

bound anti-kaonic nuclei. For these experiments, a 

solenoid magnet with a 3-m diameter and a 

magnitude of 1 T was shipped from Brookhaven 

National Laboratory, the United States. We are 

developing detectors that can detect both photons 

and charged particles.  

The LEPS2 solenoid spectrometer consists of start 

counters (SCs), time projection chamber (TPC), 

drift chambers (DCs), barrel resistive plate 

chambers (BRPCs), forward resistive plate 

chambers (FRPCs), barrel  counters (B’s), and 

aerogel Cherenkov counters (ACCs). Figure 1 

schematically depicts the solenoid spectrometer. A 

liquid hydrogen or a deuterium target is installed in 

the TPC. Charged particles scattered at forward 

angles and sideways are detected with the DCs and 

the TPC, respectively. These particles are 

momentum-analyzed. SCs, which are located close 

to the target, measure the timing when charged 

particles are produced using RF information of the 

electron storage ring. FRPCs detect charged  

 

Fig. 1. Schematic of the LEPS2 solenoid 

spectrometer. 

 

particles scattered at forward angles about 4-m 

downstream from the target, and BRPCs detect 

charged particles in large scattering angle regions at 

0.9 m in the radial coordinate. FRPCs and BRPCs 

provide the time-of-flight information of charged 

particles with a resolution below 100 ps. From the 

momentum and velocity of a charged particle, the 

particle mass is determined. For high-momentum 

particles, we use ACCs to identify the particle. In 

FY2018, we performed detector commissioning 

tests of the solenoid spectrometer. 

 

2. Status of detector development in 2018 

In FY2018A, we performed a commissioning test to 

operate part of the TPC, B’s and FRPCs. We 

injected a -beam to the CH2 target. We successfully 

observed trajectories of charged particles with TPC 

in two sectors (Fig. 2), and we evaluated the 

performance of TPC, including the spatial 
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Fig. 2. Red points: Trajectories of charged particles 

measured with TPC. Gray points: Activated 

readout pads of the TPC. 

 

resolution and the detection efficiency. The B’s 

were operated with the TPC for the first time, and 

we analyzed the charged particles and photons in 

order to reconstruct the two- decay of neutral pions. 

In 2018B, we had trouble with the TPC drift cage, 

and sent it to a manufacturing company for repair. 

During the repair, we performed test experiments 

using DCs and FRPCs. Because FRPCs had not 

been used in five years, we repaired the chambers 

and evaluated the detection efficiency and time 

resolution. The performances of FRPCs are 

consistent with the previous results after fixing a gas 

leak. In addition to the detectors, we developed the 

data acquisition system to read out signals from all 

detectors stably. We continue to analyze the 

momentum reconstruction with DCs and 

reconstruct the mass of the charged hadrons. 

 

Masayuki Niiyama 

Kyoto Sangyo University 
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BL15XU 

(WEBRAM) 

 

1. Introduction 

BL15XU, which is officially referred to as 

WEBRAM (Wide Energy Beamline for Research 

in Advanced Materials), is the contract beamline of 

the National Institute for Materials Science 

(NIMS). Our mission is to support users inside and 

outside of NIMS and to promote the development 

of new functional materials research. Users 

conduct the following studies: 1) hard X-ray 

photoelectron spectroscopy (HAXPES) of the 

electronic structures up to a 20-nm probing depth, 

2) high-resolution X-ray powder diffractometry of 

crystallographic structures, and 3) X-ray 

diffractometry of lattice structures of functional 

thin films. 

 

2. Beamtime use and publications 

Public use of the NIMS beamline is classified into 

two groups: NIMS researchers and outside users. 

In FY2018, 67 proposals were accepted. (In 

FY2017, 69 proposals were accepted.) Of these, 34 

were for NIMS researchers and 33 for outside 

users including joint research. 

The beamtime utilization ratio was 44% for 

HAXPES, 37% for thin-film X-ray diffraction, and 

19% for high-resolution X-ray powder diffraction 

(including X-ray total scattering methods). In 

recent years, the percentage of beamtime for X-ray 

diffraction methods shows a slightly increasing 

trend. 

In FY2018, 46 peer-reviewed articles were 

published. This number is similar to the number of 

published papers in FY2017. 

 

3. Improvement of experimental apparatuses 

3-1. Installation of a DAC diffractometer 

For high-pressure in situ X-ray diffraction 

experiments at BL15XU, we installed a newly 

designed X-ray diffractometer (Fig. 1) in 

collaboration with the High Pressure Group of 

NIMS. The diffractometer has a rotating oscillation 

axis for DAC and a flat imaging plate cassette 

equipped with a positioning system. 

 

 

Fig. 1. DAC diffractometer with a flat imaging 

plate cassette. 

 

During a trial of the DAC diffractometer, the 

determination of the bulk moduli of 

incompressible super hard materials was partly 

successful. This diffractometer realizes precise 

measurements of the lattice constant under high 

pressure, but X-ray collimation of the 

diffractometer remains insufficient compared to 

the sample in DAC. This insufficiency limits the 

sample size. For high-pressure experiments using 

DAC, the preferable size of the incident X-rays is  
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less than a 30 m square. In the near future, we 

plan to introduce a micro-collimator system to 

perform more sophisticated diffraction 

experiments under high pressure in BL15XU. 

 

3-2. Time-resolved X-ray diffraction 

Since FY2017, we have been preparing a 

time-resolved X-ray diffraction system at BL15XU. 

We installed a two-dimensional detector on the 

thin-film diffractometer and established a 

sub-microsecond time-resolved diffraction system 

using a combination of a pulse generator and a 

delay generator. In FY2018, we established a more 

sophisticated time-resolved diffraction 

experimental system using a synchrotron clock 

signal with synchronized focused X-rays onto a 

device under an applied electric field. The X-ray 

pulse was synchronized with an electrical pulse 

signal and a Pilatus detector through a delay 

generator and pulse generator. We successfully 

observed shifts of the 222 Bragg peak in 

750-nm-thick Pb(Zr, Ti)O3 films near time zero 

under a unipolar rectangular wave at 24 V [1]. Such 

a time-resolved diffraction measurement system 

should play an essential role in understanding 

ultrafast phenomena through the structural 

parameter dynamics of functional piezoelectric 

materials (e.g., the piezoresponse, lattice dynamics, 

and domain switching). 

 

Acknowledgments:  

We thank Dr. H. Yusa for his collaboration in the 

installation of the DAC diffractometer. 

Nanosecond-scale time-resolved X-ray diffraction 

study was partly supported by the Tokodai Institute 

for Elemental Strategy (TIES). 

 

Yoshio Katsuya, Okkyun Seo, Jaemyung Kim and 

Osami Sakata 

Synchrotron X-ray Station at SPring-8, Research 

Network and Facility Services Division (RNFS), 

National Institute for Materials Scinece (NIMS) 

 

Reference: 

[1] O. Seo et al., Rev. Sci. Instrum. 90, 093001 

(2019). 

 

- 153 -



 

Contract Beamlines 

BL12XU 

(NSRRC ID) 

 

BL12XU is one of two contact beamlines operated 

by the National Synchrotron Radiation Research 

Center (NSRRC), Taiwan. BL12XU has an 

undulator light source and two branches of the 

mainline and a sideline (Fig. 1). The mainline has 

been fully operational since 2001 and is used by 

many domestic and international scientists. It is 

mainly used for inelastic X-ray scattering (IXS) 

experiments. In the sideline, hard X-ray 

photoemission spectroscopy (HAXPES) is 

performed. Some adjustments and upgrades are 

still being made by the Max-Planck Institute for 

Chemical Physics of Solids (MPI-CPfS), but the 

HAXPES end station is open to general users. 

 

1. Instrumentation 

The following upgrades were made in FY2018.  

 

1-1. High-pressure high-temperature (HP-HT) 

furnace for supercritical water 

In an effort to realize an attosecond (10-18 s) 

time-resolution response function of supercritical 

water, IXS spectra must be collected over a wide 

range of energy and momentum transfers. We 

devised a furnace and a sample cell for IXS 

experiments with a wide scattering angle from 2° 

to 150° (Fig. 2). Initially an aluminum cell was 

used, but it had trouble at temperatures above 

250 °C because aluminum rapidly becomes softer. 

However, we found that a sapphire cell annealed 

near its melting point has sufficient stiffness at 

high temperatures. Using a sapphire cell, we 

achieved conditions of 350 °C and 20 MPa this 

year. We are continuing to modify the cell to reach 

a temperature and pressure where supercritical 

water is available (370 °C and 22 MPa). 

 

2. Experiments 

In FY2018, we conducted 13 experiments of 

non-resonant IXS, 21 of resonant IXS (or resonant 

emission), and 9 of HAXPES. Representative 

examples are introduced below. 

 

 

 

Fig. 1. Schematic diagram (top view) of BL12XU. DM is a diamond monochromator for the sideline, DCM 

a double crystal monochromator for the mainline, CM a collimating mirror, HRM a high resolution 

(channel cut) monochromator, PRP a phase retarding plate, FM a focusing mirror, and IXS an 

inelastic X-ray scattering spectrometer. 
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Fig. 2. Photos and drawing of the high-pressure high-temperature (HP-HT: up to 22 MPa, 370 °C) furnace 

to produce supercritical water. Inner cell seals HP-HT water. Wide opening covers a wide 

momentum range. 

 

2-1. Identification of stabilizing high-valent 

active sites by operando high energy resolution 

fluorescence-detected X-ray absorption 

spectroscopy for high-efficiency water oxidation 

Exploiting an advantage of the partial fluorescence 

technique (i.e., lifetime broadening suppression), S. 

F. Huang et al. identified faint pre-edge features on 

the tails of the main edges in Fe K-edge and Co 

K-edge in an Fe-doped Co spinel catalyst, which 

exhibits an outstanding intrinsic catalytic activity 

for the oxygen evolution reaction (OER). The 

catalytic reaction proceeds in the d orbitals of 

transition metal ions. They clarified the behaviors 

by investigating the pre-edge feature. In situ 

studies revealed that only a pre-edge feature in the 

Co K-edge evolves during the oxidation and 

reduction processes (Fig. 3). Hence, the 

catalytically active site is Co ions rather than 

doped Fe ions, which has been a controversial 

issue in the OER mechanism. Furthermore, they 

demonstrated that the expansion of the orbital 

overlap between Co ions and the electrolyte by 

doping Fe ions is the major factor for the enhanced 

overall catalytic activity. Stimulated by this 

successful example,  
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Fig. 3. (a) Catalytic activities of Fe-doped spinel. Operando PFY-XAS of (b) Fe K-edge for Co-dominated 

spinel and (c) Co K-edge for Fe-doped spinel. Changes in the electronic states as a function of the 

bias voltage are negligible for Fe ions but are apparent for Co ions, indicating a significant 

interaction between the electrolyte and Co ions [1]. 

 

 

this type of experiment is becoming more popular, 

and is being applied to research in Taiwan [1]. 

 

2-2. c-Axis dimer and its electronic breakup: 

insulator-to-metal transition in Ti2O3  

Ti2O3 is a very interesting material, which shows 

an insulator-to-metal transition. Similar to V2O3, 

Ti2O3 also displays the corundum crystal structure, 

where the main feature contains two face-sharing 

transition metal (TM)O6 clusters aligned as a dimer 

along the hexagonal c-axis. Unlike V2O3, Ti2O3 

shows a gradual metal-to-insulator transition 

without a structure transition or magnetic ordering. 

The shorter distance of the Ti–Ti dimer of the 

Ti2O3 renders direct bonding via 3 dz2 orbitals, 

which plays an important role in the 

insulator-to-metal transition. Using HAXPES on 

the valence band and Ti 2p core levels, C. F. Chen 

et al. found that the metal-to-insulator transition of 

Ti2O3 can be well explained by a Hubbard model 

in analogy to the ionization of hydrogen molecules 

H2→H2+. (Fig. 4) [2]. 
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Fig. 4. Experimental Ti 2p core-level 

photoemission spectra of Ti2O3 taken at 300 

K. References of YTiO3 and LaTiO3 were 

acquired at 300 K and 200 K, respectively. 

Theoretical configuration–interaction 

calculations using the TiO6 and Ti2O9 

clusters are also shown. Inset shows the 

temperature dependence of the Ti 2p 

core-level spectrum and the simulations 

using the Ti2O9 cluster [2]. 

 

N. Hiraoka*, Y.F. Liao, H. Ishii, M. Yoshimura, 

and K.D. Tsuei 

National Synchrotron Radiation Research Center 

 

References: 

[1] S.F. Hung et al., J. Am. Chem. Soc. 140, 17263 

(2018). 

[2] C.-F. Chen et al., Phys. Rev. X 8, 021004 

(2018). 

 

- 157 -



 

Contract Beamlines 

BL12B2 

(NSRRC BM) 

 

BL12B2 is one of the two contact beamlines based 

on the 1998 collaborative Memorandum of 

Understanding among the National Synchrotron 

Radiation Research Center (NSRRC, Taiwan), 

Japan Synchrotron Radiation Research Institute 

(JASRI), and RIKEN SPring-8 Center (RSC). The 

user support and end-station maintenance of the 

beamlines are provided by NSRRC. Since 2000, 

BL12B2 has supported materials science and 

protein crystallography users. Due to the 

completion of the 3 GeV Taiwan Photon Source 

(TPS) at NSRRC, the beamtime distribution 

between these research fields has changed. In 2017, 

90% of the beamtime was assigned to materials 

science users and about 75% of the users were 

from Taiwan. The rest of the beamtime was shared 

between international users. 

Figure 1 depicts the current schematic layout of the 

beamline. The beamline is equipped with a 

collimating mirror (CM), double crystal 

monochromator (DCM), and focusing mirror (FM). 

The measured spot size and total flux of the beam 

are about 250-m square and about 1.5 × 1011 

photons, respectively, at the protein end station and 

an incident photon energy of 12 keV. Five end 

stations are equipped tandemly inside the 

experimental hutch of BL12B2: EXAFS, 

projection X-ray microscopy (PXM), X-ray 

diffraction (XRD), X-ray scattering, and protein 

crystallography (PX) end stations.  

EXAFS experiments are measured using two ion 

chambers at the EXAFS table located at the most 

upper stream of the BL12B2 experiment hutch. 

Users can perform experiments by placing the 

sample in between these two ion chambers. 

Temperature-dependent powder X-ray diffraction 

is measured using an image plate at the XRD table, 

which is located next to the EXAFS table. X-ray 

scattering experiments can be conducted using the 

HUBER six-circle diffractometer. The sample 

environment for these two experiments  

 

 

Fig. 1. Schematic layout of BL12B2. 
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Fig. 2. Projection X-ray Microscopy (PXM) end station installed at BL12B2. (a) Photo and (b) schematic 

layout. 

 

can be changed from 20 K to 400 K. In FY2018, a 

PXM end station was installed at the XRD table 

(Fig. 2). High-pressure X-ray diffraction studies 

are carried out using a charge-coupled device 

(CCD) camera at the protein crystallography table. 

The protein crystallography (PX) end station, 

which is equipped with a CCD and SPring-8 

standard auto sample changer system, was installed 

in 2009. The user interface software for XRD 

experiments is SPring-8 standard BSS. In 2014, 

the CCD detector was upgraded to Raynox 

MX225-HE. The fast readout and wide detection 

area of the new detector help collect high-quality 

data. Electrode (AUTOLAB PGSTAT204; 

Metrohm) is prepared for in situ electrochemical 

experiments.  

Materials science experiments cover diverse topics 

such as new material research, energy science, 

nanoscience, and geophysical science. In 2018, 

BL12B2 users published 20 papers in SCI journals. 

In situ X-ray experiments are the main target at our 

beamline. These experiments include 

electrocatalysis such as battery research, oxygen 

reduction reactions, and CO2 conversions. The 

electrochemical conversion of CO2 to chemical 

fuel is a promising strategy for global carbon 

balance. The lack of an effective electrocatalyst for 

this process is the main challenge in this research 

field. Prof. H. M. Chen’s (Taiwan University) 

group has studied Ni K-edge X-ray absorption of 

atomically dispersed nickel on nitrogenated 

graphene under operando conditions [1].  

Other researchers investigated samples under 

extreme conditions. A new type of 

superconductivity study is also a hot topic in the 

field of solid-state physics. Figure 3 shows 

pressure-dependent XRD spectra of low- and 

high-Tc phases of (NH3)yNaxFeSe from Prof. Y. 

Kubozono (Okayama University). A 

metal-intercalated two-dimensional layered system 

(NH3)yNaxFeSe was prepared under pressure [2]. 

User support is provided by three local beamline 

scientists and one engineer. 
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Fig. 3. Pressure-dependent XRD patterns for (a) 

low-Tc and (b) high-Tc phases of 

(NH3)yNaxFeSe. Pressure dependences of 

lattice constants (a and c) for (c) low-Tc and 

(d) high-Tc phases are plotted as functions 

of pressure [2]. 
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BL03XU 

(Advanced Softmaterial) 

 

1. Introduction  

BL03XU is the first Japanese beamline designed 

specifically for the polymer field. This beamline is 

managed and operated by an industrial and 

academic joint organization (frontier soft-material 

beamline consortium: FSBL). FSBL consists of 18 

research groups from leading Japanese chemical 

and textile companies and academic researchers 

from universities. (Fig. 1). 

 

 

Fig. 1. Logo of FSBL. 

 

The structural features of soft matter such as 

macromolecules form a hierarchical structure on 

very wide time and space scales. Each hierarchical 

structure does not exist independently but instead 

has a structural correlation, which dominates the 

physical properties. Therefore, dynamic and 

structural evaluations should consider the widest 

possible time and space scales to clarify the 

correlation between the structure and physical 

properties of soft matter. BL03XU supports 

experimental systems focused on small-angle X-ray 

scattering and wide-angle X-ray diffraction 

methods to clarify the structure of such soft matter. 

Here, the features of BL03XU are described, and 

the microbeam minimum angle for structural 

evaluation of several hundred nm (q> 0.006 nm-1) 

in the region of several μm was introduced as 

developed research in FY2018. 

 

2. Experimental hutches 

BL03XU employs standard equipment at SPring-8, 

including a vacuum-sealed undulator, standard 

transport channel, double crystal spectrometer, and 

KB mirror configuration. X-rays are focused with a 

high brightness and uniform wavelength. 

The first hutch is equipped with a thin-film 

horizontal diffractometer (Fig. 2a), which is used 

for grazing-incidence small-angle X-ray scattering 

measurement (GISAXS). GISAXS measurements 

can realize time-resolved tracking of thin-film 

structures during heating processes. Additionally, 

simultaneous measurements with bring-in analysis 

equipment are possible [1]. 

The second hutch has a large equipment installation 

space (3 m × 3 m × 4 m) and a large double door 

that large experimental apparatuses can be carried 

through (Fig. 2b). Because there are few restrictions 

imposed by the size and wiring of the device,  

 

 

 

 

 

 

Fig. 2. Photo inside the experimental hutch. (a) 

Horizontal diffractometer on the first hutch, 

and (b) Large equipment installation space 

on the second hutch. 

  a b 
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experimental apparatuses can be arranged quite 

freely. This makes it possible to perform in situ 

analysis of large-scale heating furnaces and melt 

spinning machines, which have traditionally been 

difficult [2]. 

 

3. Microbeam ultra-small-angle X-ray scattering 

system for structural evaluation of several 

hundred nm in the region of several μm 

Soft matters such as rubber and polymer materials 

have various hierarchical structures. Such structural 

information is indispensable to design high-

performance materials. For example, rubber 

exhibits characteristic scattering due to its structure 

even in a lower wavenumber region than the q range, 

which can be measured by ordinary SAXS (camera 

length of 1–4 m). To measure this, it is necessary to 

construct an ultra-small-angle X-ray scattering 

(USAXS) experimental system that can evaluate a 

smaller-angle region. In X-ray scattering 

measurements of soft materials, the resultant 

scattering pattern is derived from the average 

structure of the part irradiated with X-rays. In other 

words, average structural information that exists 

over a wide area can be obtained with a wide beam. 

On the other hand, in soft materials with complex 

structures, the local structure and functionality may 

be strongly correlated. Consequently, the X-ray 

beam size must be reduced to obtain local 

information. There are various condensing elements 

for focusing X-rays such as mirrors, refractive 

lenses, and diffractive lenses. These elements can 

reduce the X-ray size, but the focused X-rays 

diverge after the focal point. Therefore, it is difficult 

to use a focusing element to form minute X-rays in 

USAXS measurements when the distance between 

the condensing point and the detector position is 

long.  

In this beamline, a microbeam is formed by 

removing X-rays except those through a minute 

pinhole. In this microbeam small-angle scattering 

optical system, a guard pinhole is installed 

immediately before the sample to remove parasitic 

scattering generated from the minute size pinhole. 

Specifically, parasitic scattering is removed using 

Bragg diffraction and by constructing a microbeam 

USAXS measurement system with a crystal 

collimator apparatus (Fig. 3). This crystal 

collimator consists of two sets of two Si-single-

crystal units (total of four Si single crystals). When 

the microbeam X-ray from the small pinhole is 

incident on the first Si single crystal, it is diffracted 

at a specific incident angle. The diffracted X-ray 

enters the second Si single crystal arranged in 

parallel with the first Si single crystal and it is 

diffracted again. X-rays generated from the second 

Si crystal are emitted in parallel with the incident X-

rays. Because the parasitic scattering generated at 

the pinhole has a slightly different angle with 

respect to the microbeam X-ray, it cannot be 

reflected by the crystal plane. Hence, this parasitic  

 

  

Fig. 3. Photograph of crystal collimator apparatus. 

z- and θ-axes change the height and angle 

of the first crystal pair. Δθ is the axis that 

makes the first and second crystals parallel. 
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scattering is removed. Subsequently, the 

microbeamam X-ray is reinjected to the next Si-

crystal unit, which is arranged vertically. By this 

operation, it is possible to generate microbeam X-

rays suitable for the USAXS experimental system. 

Figure 4 shows the profiles of air scattering near the 

beam and a normal pinhole/slit collimation system. 

The intense parasitic scattering in the stop measured 

using this crystal collimator system and pinhole/slit 

collimation system was significantly reduced 

compared to that measured by the normal system. 

The micro-beam profile by a wire scan confirms 

that the beam size is reduced to 5 μm despite the 

USAXS experimental system. Hence, a microbeam 

ultra-small-angle scattering optical system is 

constructed using this crystal collimator system. 

 

Fig. 4. Intensity profiles by air scattering (no 

sample) using a crystal collimator apparatus 

and a slit collimate (dashed line) system. 
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BL07LSU 

(The University-of-Tokyo Outstation Beamline for Materials Science) 

BL07LSU is a soft X-ray undulator beamline at the 

long-straight section of SPring-8 constructed by the 

Synchrotron Radiation Research Organization [1] 

and The University of Tokyo. Since 2009B, it has 

been devoted to joint research with domestic and 

international researchers. In this article, we report 

the status of the beamline and introduce selected 

achievements at the experimental stations. 

1. Undulator beamline

The high-brilliant soft X-ray undulator beamline 

generates a synchrotron radiation beam with (1) E: 

250–2000 eV, (2) E/E: > 10,000, (3) spot-size: < 

10 m (zone-plate: 70 nm), (4) flux: ~ 1012 

photons/s, and (5) variable light polarization. The 

beamline offers continuous polarization switching 

at a frequency of 13 Hz for user experiments at the 

end-stations. 

2. Experimental stations

There are currently four different end-stations at the 

beamline: 1) time-resolved soft X-ray (TR-SX) 

spectroscopy, 2) three-dimensional nano-ESCA, 3) 

ultra-high-resolution soft X-ray emission 

spectroscopy (HORNET), and 4) free-port. All the 

stations are open to users. Here, two achievements 

are introduced [1, 2]. 

2-1. Free-port station: Ambient-pressure X-ray

photoelectron spectroscopy (AP-XPS) 

The station is open to researchers, who can bring 

their machines and perform experiments using the 

high-brilliant soft X-ray beam. The groups of Profs. 

Jun Yoshinobu and Iwao Matsuda recently 

constructed the AP-XPS system to study catalytic 

reactions with an emphasis on activation and 

hydrogenation reactions of CO2 molecules. In 

catalysts, graphene is important as a support due to 

its high surface area and unique electronic 

properties. In this study, we investigate the adsorbed 

states of CO2 on graphene under a gas atmosphere 

using AP-XPS (Fig. 1(a)) [2]. 

Fig. 1. (a) Schematic drawing of (oxidized) 

graphene in CO2 gas. (b) C 1s and O 1s AP-

XPS spectra taken in a CO2 atmosphere (1.6 

mbar): (i,ii) on graphene, (iii,iv) on oxidized 

graphene, and (v,vi) after the evacuation. 
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Figure 1(b) shows C 1s and O 1s XPS spectra of the 

graphene surface measured under 1.6 mbar CO2 at 

175 K. The peaks at 293.4 eV and 536.9 eV are 

assigned to the gas-phase CO2, and the peak at ~285 

eV is ascribed to the substrate (graphene and SiC). 

When the graphene surface is oxidized [Fig. 1(b) (iii, 

iv)], new spectral features appear at 286.7 eV and 

532.0 eV due to the epoxy (C–O–C) species. In 1.6 

mbar CO2, adsorbed CO2 molecules are observed 

only on oxidized graphene, as evidenced by the 

small peaks at 291.2 eV and 534.7 eV. After gas 

evacuation [Fig. 1(b) (v, vi)], both the adsorbed CO2 

and gas-phase CO2 disappear. Therefore, operando 

observations using AP-XPS are essential to study 

the adsorbed states of CO2 on graphene at realistic 

temperatures in catalysts. The present result shows 

that the surface oxidation of graphene enhances the 

adsorption of CO2, which is the necessary 

elementary step in the activation and reaction of 

CO2. This insight may assist in developing 

guidelines to design novel graphene-based catalysts. 

2-2. Ultrahigh-resolution soft X-ray emission

spectroscopy (HORNET) 

A perovskite-type crystal of LaCoO3 is a strongly 

correlated material. The Co ions assume various 

electronic states (spins) by competing electron–

electron and electron–phonon interactions. 

However, the actual states of the material were 

unknown due to an inadequate experimental probe 

for direct observations. Recently, epitaxial growth 

of the LaCoO3 film was reported. Novel spin states 

are expected by the tensile-strain effect induced by 

the substrate. 

Resonant inelastic scattering of soft X-rays is 

associated with variations of electron 

configurations and spin states in a material. Thus, 

the measurement should probe the electronic states 

in LaCoO3 crystals. We devised an experiment and 

systematically investigated the spectra by 

comparing the theoretical calculations based on the 

impurity Anderson model. As shown in Fig. 2, the 

spectra between bulk and film crystals differ, 

especially at an energy loss of ~ 1 eV. The 

theoretical calculation indicates that the losses 

around 0.3, 1.0, and 1.3 eV are assigned to high-spin, 

distorted high-spin, and low-spin states, 

respectively. A comparison between the experiment 

and calculation reveals that a ratio of the spin-states 

Fig. 2. Crystals of bulk and film of 

LaCoO3, measured with L-edge resonant 

inelastic scattering of soft X-ray 

(experimental and theoretical spectra). 

LSAT is an abbreviation of the substrate, 

(LaAlO3)0.3-(SrAl0.5Ta0.5O3)0.7. 

- 165 -



Contract Beamlines 

also differs between the crystals. This research 

demonstrates resonant inelastic scattering of soft X-

rays can detect variations of the electronic states in 

strongly correlated materials with a high precision 

[3]. 
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BL33XU 

(TOYOTA) 

 

1. Introduction 

BL33XU was constructed in FY2009 and is 

operated by Toyota Central R&D Labs. This 

beamline was built to realize high-speed X-ray 

absorption fine structure (XAFS) for operando 

analysis and three-dimensional X-ray diffraction 

(3DXRD), which were techniques unavailable at 

SPring-8 in 2009. Small-angle X-ray scattering 

(SAXS), X-ray diffraction with a multi-axis 

goniometer, X-ray computed 

tomography/laminography techniques were 

installed this decade, and two technical groups as 

“operando analysis with multi probe” and “non-

destructive three-dimensional structural analysis” 

were established (Fig. 1). Here, the current status 

and recent technological progress of the beamline 

are reported. 

 

Fig. 1. Analysis techniques at BL33XU. 

 

2. Outline of the beamline 

2-1. Beamline layout 

The TOYOTA beamline is a medium-length 

beamline, which has an experimental facility 

building outside the storage ring building. An 

optical hutch is located in the storage ring building, 

and three experimental hutches, chemical 

preparation room, operation area, and office room 

constitute the experimental facility building. 

Figure 2 shows the layout of the optical components 

of this beamline. The beamline has two optics with 

different types of monochromators. Optics 1 

consists of a horizontal mirror pair (M1 and M2) in 

the optics hutch, compact monochromators (C-

Mono) with channel-cut crystals, and a vertical 

mirror pair (M3 and M4) in experimental hutch 1. 

The beam size at the sample position is variable 

from 0.1 mm to 18 mm using bendable mirrors (M2, 

M3, and M4). These optics are mainly used for 

high-speed X-ray absorption fine structure (XAFS) 

analysis. Optics 2 is composed of a standard SPring-

8 double-crystal monochromator, vertical mirror 

pair (M4 and M5), and Kirkpatrick-Baez mirror 

(KBM). A microbeam with 1 m square at 50 keV 

is available at experimental hutch 3. 

 

 

Fig. 2. Optics in BL33XU. 

 

2-2. Analysis techniques 

(1) Quick-scanning XAFS system 

The system features high-speed XAFS 

measurements using a specially designed 

spectrometer. With this configuration, an XAFS 

spectrum can be acquired with a temporal resolution 
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of 10 ms by rotationally oscillating a servomotor-

driven channel-cut Si(111) or Si(220) crystal at 50 

Hz [1]. The measurable energy range covers from 4.5 

keV to 45 keV. A high signal-to-noise ratio is 

achieved by a high-speed 24-bit analog-to-digital 

converter (PXI-5922; National Instruments).  

Various in situ measurement techniques have been 

developed. These include simultaneous XAFS and 

XRD measurements of positive and negative 

electrodes of lithium-ion batteries during charging 

and discharging [2]. 

(2) SAXS 

The camera length can be selected from tens of 

centimeters to 4.5 meters. The detector is PILATUS 

300K (Dectris). Several in situ observation 

techniques have been developed. For example, the 

structure evolution of resins while injection 

molding can be analyzed [3]. 

(3) XRD 

A multi-axis goniometer head (1001; HUBER) is 

equipped. A newly developed rotating and 

revolving spiral slits system can detect diffraction 

peaks from any microregion in the specimen with a 

two-dimensional detector (e.g., PILATUS). The slit 

shapes are designed so that the gauge volume 

viewed through the slits is independent of the 

diffraction angle [4]. In addition, revolving slits 

allow diffraction spectra to be acquired at larger 

angles [5]. 

(4) Scanning 3DXRD 

The scanning 3DXRD method was developed for 

non-destructive analysis of practical metallic 

materials with hundreds of grains in the observation 

region. This technique is more sensitive than 

conventional 3DXRD techniques, which can 

analyze several tens of grains. In 2013, this method 

was validated, and high-resolution analysis using a 

high-energy microbeam was demonstrated in 2015 

[6]. Not only the average properties of each grain but 

also special distribution of the properties in the 

grain can be acquired. Additionally, this technique 

can provide the strain distribution in the crystal 

rotation. 

(5) Tomography and laminography 

X-ray computed tomography (CT) and 

laminography techniques were introduced to meet 

the growing needs of high-resolution, non-

destructive structural analysis of materials. A 

resolution of less than 1 µm was achieved for the 

CT method, and ~1-µm resolution was recently 

obtained in the laminography method. In addition, 

an imaging CT system introduced in 2017 achieved 

a resolution of ~100 nm. 

 

3. Recent technological progress 

3-1. In situ XRS for lithium-ion batteries [7] 

Although the TOYOTA beamline has advanced in 

situ / operando analysis techniques, it can only 

analyze elements heavier than titanium with X-ray 

absorption spectroscopy. To analyze the chemical 

state of light elements, X-ray Raman scattering 

(XRS) system was installed into the beamline in 

2017. XRS is an energy loss spectroscopy that 

utilizes hard X-rays as a bulk sensitive probe to 

provide information equivalent to soft X-ray 

absorption spectroscopy (XAS) and electron energy 

loss spectroscopy (EELS).  

In the negative electrode of a lithium-ion battery, the 

crystal structure of graphite changes from LiC6 to 

LiC12, then to pure graphite upon discharging. This 

chemical state change was investigated using an 

XRS technique. Because a lithium-ion battery 

consists of many carbon-containing materials such 

as a separator, electrolyte, and laminate film 
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packing the battery, the technique must be able to 

detect only signals from the negative electrode. 

Figure 3 shows a schematic image of the designed 

pouch cell and a diagram of the analysis region in 

XRS measurements. The graphite electrode was  

 

 

Fig. 3. Schematic of the pouch cell designed for 

in situ XRS measurements [7]. 

 

about 100-m thick. The X-ray beam was vertically 

focused to approximately 24 m and was incident 

on the cell with an angle of 5°. The acceptance 

width of the analyzer crystal along the X-ray beam 

direction was about 1.5 mm. The analysis region of 

XRS was contained within the negative electrode by 

adjusting the vertical position of the cell. Lithium 

was used for the counter electrode. The phase of the 

graphite electrode was controlled by the voltage. 

Prior to the XRS measurements, the cell was 

charged to 0.005 V, and the expected graphite state 

was LiC6. After a measurement at 0.005 V, the cell 

was discharged to 0.12 V and 2 V, where the 

graphite should be LiC12 and fully delithiated 

graphite, respectively. Figure 4 shows the C K-edge 

XRS spectra of the graphite electrode at cell 

voltages of 0.005 V, 0.12 V, and 2 V. The peak at 

~285.5 eV corresponds to the transition from the 1s 

to * state, and the broad feature at ~290 eV is the 

1s to * transition. Two obvious changes occur 

upon discharging (i.e., delithiation of graphite 

electrode). The peak at 285.5 eV increases and the 

onset peak at 290 eV shifts to a higher energy. These 

changes are consistent with previous reports from 

several groups using ex situ XRS spectroscopy, soft 

XAS, and EELS. These results confirm that this 

measurement is evaluating the change of the 

graphite electrode. 

 

 

Fig. 4. Comparison of the C K-edge XRS spectra of 

the graphite electrode at cell voltages of 

0.005 V, 0.12 V, and 2 V, corresponding to 

LiC6, LiC12, and fully delithiated graphite, 

respectively. Inset is an enlargement of the 

near edge region [7]. 

 

3-2. Non-destructive crystal orientation mapping 

of carbon steel by scanning 3DXRD [8] 

A scanning 3DXRD technique developed at 

BL33XU measured non-destructive crystal 

orientation mapping of a cold rolled steel sheet. This 

technique can analyze practical steel materials [9]. 

Cold rolled steel, however, consists of a single 

micro-structure as ferrite. Thus, this technique was 

applied to carbon steel, which consists of ferrite and 

perlite microstructure. 

Commercial carbon steel S35C and S45C were used 
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as samples. S45C contains more carbon than S35C 

and has a higher percentage of perlite. The 

measurement procedure was the same as before. 

However, the system had issues distinguishing 

between ferrite and perlite in carbon steel. Perlite 

grains consist of micro crystallites in the -phase 

and -phase, while ferrite grains are bigger and 

consist of the -phase only. Because the present 

scanning 3DXRD system cannot detect diffracted 

X-rays from perlite grains, it is difficult to 

determine the grain boundary position between 

perlite and ferrite accurately. To determine the grain 

boundary from the diffraction intensity from the 

ferrite grain only, a threshold intensity, which was 

determined from the diffraction intensity at the 

boundary between ferrite grains in cold rolled steel, 

was applied to determine the boundary of ferrite 

grains. Figure 5 shows the crystal orientation maps 

of S35C and S45C. The colored and white areas 

represent ferrite grains and perlite grains, 

respectively. 

This work was supported by JSPS JP26870932. 
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Fig. 5. Non-destructive crystal orientation mapping of  (a) carbon steel S35C and (b) S45C. 
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BL28XU 

(RISING II) 

 

Next-generation vehicles such as electric vehicles 

and plug-in hybrid vehicles are key technologies to 

reduce carbon dioxide emissions. The spread of 

these next-generation vehicles largely depends on 

the performance and safety of storage batteries. 

Therefore, the development of a post–lithium-ion 

battery (LIB) with an energy density far greater than 

that of the current LIB while maintaining the 

durability and life equivalency attracts much 

attention. Currently, Kyoto University has proposed 

four innovative storage battery systems: nano-

interface controlled batteries (halide shuttle 

batteries and conversion-type batteries), sulfide 

batteries, and zinc-air batteries, in the Research and 

Development Initiative for Scientific Innovation of 

New Generation Batteries (RISING) project. At the 

same time, various advanced analysis tools have 

been developed at BL28XU [1] which is dedicated to 

the research of innovative storage batteries. 

BL28XU mainly develops technology for in situ 

observations of the reaction inside storage batteries 

via the energy-dispersive confocal diffraction 

technique [2, 3], X-ray diffraction spectroscopy 

analysis [4-6], hard X-ray photoelectron spectroscopy 

[7], etc. Since 2016, the RISING2 project has been 

ongoing as a contract research project of the New 

Energy and Industrial Technology Development 

Organization (NEDO) and is promoting technology 

development for practical uses of storage batteries. 

Based on the results of RISING, specific research 

focuses on three subjects for storage batteries on a 

wide spatiotemporal scale: (1) elucidation of 

reaction distribution generation factors, (2) analysis 

of active material reactions and non-equilibrium 

behaviors, and (3) elucidation of 

electrode/electrolyte interface phenomena. Our goal 

is to solve these subjects by developing 

technologies with sufficient spatial and time 

resolutions. In addition, the technologies to address 

the following subjects have been developed in the 

RISING2 project: (4) elucidation of the formation 

mechanism of random materials such as electrolytic 

solution and electrolytes at the electrode interface, 

and (5) elucidation of thermodynamic or physical 

instability phenomena inside the storage batteries. 

Here we report representative achievements in 

FY2018. 

 

1. Confocal X-ray diffraction technique using a 

two-dimensional detector with a sight-selecting 

slit 

To achieve a longer range, the battery volume must 

be increased. Large batteries tend to deteriorate due 

to a non-uniform current distribution inside the 

composite electrodes. Therefore, we developed a 

new non-destructive analysis method to evaluate the 

distribution of active material states using X-ray 

diffraction (XRD). Because automotive batteries 

are charged and discharged at a high rate, the 

analyzing technology should have a high time 

resolution. Two-dimensional detectors are 

frequently used for time-resolved X-ray diffraction 

due to their ability to acquire diffraction figures in 

one exposure, which is typically completed in only 

a few seconds.  

In the case of automotive batteries employing thick 

electrodes, the diffraction figure is blurred because 

multiple diffraction points occur on the incident X-
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ray axis. To realize confocal measurements for thick 

samples, we introduced a sight-selecting slit, which 

is a single straight slit located between the sample 

and the two-dimensional detector. The slit edge is 

declined to the horizontal line by 45°. The slit limits 

the reach of the diffracted X-ray from the limited 

area to a specific line on the two-dimensional 

detector. In the process of converting two-

dimensional figures to a one-dimensional 

diffraction pattern, only data on the specific line are 

used to extract the confocal XRD profile [8]. 

Figure 1 shows a schematic drawing of the 

experimental alignment. Automotive cell (~5 Ah 

capacity) is situated on the sample stage of the 

diffractometer. The two-dimensional detector, 

Pilatus 3X CdTe 300 KW, is attached to the 2 arm 

of the diffractometer. The camera length is 834 mm. 

A sight-selecting slit (0.2-mm height) is attached to 

the 2 arm, where the distance between the 

diffraction center and the sight-selecting slit is 275 

mm. The energy and size of the monochromatic X-

rays are 43 keV and 0.5 mm (horizontal) × 0.2 mm 

(vertical). The typical exposure time is set to 5 s. A 

 

Fig. 1. Schematic of the experimental arrangement. 

 

charge–discharge device is connected to the cell to 

perform an operando experiment. 

Figures 2(a) and 2(b) show the time-resolved XRD 

patterns of the positive electrode region during 1 C 

charge–discharge of an automobile cell for the 

upstream (y = −5 mm) and downstream (y = 5 mm)  

 

 

Fig. 2. Time-resolved XRD pattern of the cathode region during 1 C charge discharge of an automobile 

cell for (a) the upstream (y = –5 mm) and (b) downstream (y = 5 mm) positions. 
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positions. The origin of the y-coordinate is the 

center of the diffractometer. Although the 

measurement was performed once, the acquired 

diffraction figures contained space-resolved 

information along the X-rays, which is easily 

extracted by an analyzing program. The peak shift 

of the cathode in the upstream position was much 

smaller than that in the downstream position. In the 

same experiment, the XRD pattern of the negative 

electrode region was measured by flipping the 2 

angle and the z-coordinate of the sight-selecting slit 

after each exposure. 

 

2. Development of imaging-XAS using a K-B 

mirror system 

New large-capacity electrode materials based on a 

conversion reaction are investigated as a post–

lithium-ion battery. One typical conversion reaction 

is FeF3 + 3Li → Fe + 3LiF or Fe2O3 + 6Li → 2Fe + 

3Li2O during the discharge process. In the former 

case, FeF3 and Li serve as the positive and negative 

electrodes, respectively. The battery operates by the 

transfer of lithium ions between the positive and 

negative electrodes. Non-uniformity in the lithium-

ion transfer results in insufficient performance and 

stability. Therefore, X-ray absorption spectroscopy 

(XAS) with a two-dimensional detector, imaging-

XAS, was used to visualize the lithium-ion-reaction 

distributions within the battery cell. Since valence 

changes compensate for the charge valance in the 

positive electrode during the transfer of lithium ions, 

imaging-XAS can show valence images of 

transition metals in the electrode that are equivalent 

to the lithium-ion-reaction distributions. 

Since the beam-size of 0.5-mm square in undulator 

beamlines is too small to visualize the reaction 

distributions, the X-ray beam was magnified by a 

Kirkpatric-Baez (K-B) mirror system. The X-ray 

beam size and flux can be changed at the 

measurement points from the focal point of the K-B 

mirror. The beam-size was 1.3 m × 3 m at the 

focal point and 1 × 2 mm at the measurement point, 

which was 400 mm away from the focal point.  

The battery cells were fabricated by Fe2O3, lithium-

foil, and an electrolyte-soaked polypropylene 

separator with an aluminum-laminated film. The 

operando imaging XAS spectra of the cell at the Fe 

K-edge by a transmission mode were measured 

during the discharge–charge process at current rate 

of 0.2 C between 0.05 V and 3 V. While the X-ray 

energy was scanned from 7100 eV to 7150 eV by a 

channel cut monochromator [Si(111)], the imaging-

XAS spectra were measured using the two-

dimensional detector system composed of a P43 

scintillator, optical lens, and a CCD array detector 

(C9100; Hamamatsu Photonics) with an effective 

pixel size of 6.5 m × 6.5 m by a two-times optical 

magnification. 

The exposure time per image and X-ray energy step 

were 1 s and 0.5 eV, respectively. The spatial 

resolution of the detector system, which was 

confirmed by observations of a standard patterned 

specimen, was 10 m. The high X-ray flux at the 

undulator beamline allows imaging-XAS spectra of 

the two cells to be measured in turns (one cycle of 

517 s). The results of the imaging-XAS 

measurement show that areas of FeOx and Fe are 

separated at the final discharge process and 

correspond to the conversion reaction. 
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BL36XU 

(Catalytic Reaction Dynamics for Fuel Cells) 

 

1. Introduction 

BL36XU at SPring-8 supports the development of 

next-generation polymer electrode fuel cells 

(PEFCs). Advanced SR X-ray–based analysis 

systems to study PEFCs are developed under a New 

Energy and Industrial Technology Development 

Organization (NEDO) program [1]. BL36XU 

construction was completed in November 2012, and 

user operations began in January 2013. In October 

2016, simultaneous/sequential multi-analysis 

systems became available to users.  

The performance of PEFC is highly sensitive to the 

sample conditions such as humidity, temperature, 

gas pressure, and contamination of an Membrane 

Electrode Assembly (MEA). Simultaneous or 

sequential measurements using multi-analysis 

methods on a point fixed in the sample provide more 

reliable information about the complex reaction 

occurring in a PEFC under voltage operations than 

measurements at different points [2]. Here, we 

describe in situ/operando multi-analytical advanced 

SR-based systems for PEFCs developed at 

BL36XU. 

 

2. In situ/operando simultaneous HERFD-

XANES/XRD measurement system 

The changes in the electronic structure and chemical 

adsorption species at the surface of Pt nanoparticles 

during PEFC operations are crucial events that 

affect the catalytic activity and durability. Because 

in situ observations have not been achieved, the 

origin and key factors of Pt cathode catalysis in 

PEFCs have yet to be addressed.  

To investigate these issues, we developed an in 

situ/operando simultaneous high-energy resolution 

fluorescence detection XANES (HERFD-

XANES)/XRD measurement system (Fig. 1). This 

can measure Pt, including cathode catalyst 

nanoparticles in PEFCs under operating conditions. 

Sixteen sets of spherically bent Ge(660) analyzer 

crystals (Johan type, R=820 mm; Saint-Gobain) are 

installed for HERFD-XANES measurements at the 

Pt LIII-edge. A two-dimensional X-ray pixel array 

detector (Merlin Quad; Quantum Detector) detects 

X-rays diffracted by the analyzer crystals. The 

energy resolution of the system is 1.2 eV at 12 keV. 

Figure 2 shows the preliminary results of the in situ 

Pt LIII-edge HERFD-XANES and RIXS for the Pt/C 

cathode catalyst in a PEFC. With the HERFD-

XANES method, the measured specific fine 

XANES spectra depend on the PEFC voltage by 

reducing the effect of the core-hole lifetime 

broadening. Theoretical calculations are in progress. 

 

 

Fig. 1. In situ/operando simultaneous HERFD -

XAFS/XRD measurement system [2]. 
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Fig. 2. In situ Pt LIII-edge HERFD-XANES spectra 

of PEFC depending on voltage load on the 

electrodes [2]. 

 

3. Sequential in situ/operando multi-analytical 

SR X-ray–based systems 

The electrochemical reaction of practical PEFCs 

occurs in MEAs. We developed a sequential in 

situ/operando multi-analytical measurement system 

by combining several in situ/operando systems. To 

obtain reliable information, the sample was 

measured at the same point.  

Figure 3 shows a schematic of this system. X-ray 

optics and detectors were automatically switched 

using motorized stages. We used this system to 

investigate the degradation process. Sequential 

operando measurements of time-resolved 

simultaneous XAFS/XRD and full-field XAFS-CT 

imaging were conducted at the same point in an 

MEA after the aging treatment and accelerated 

degradation test (ADT) cycles of PEFCs. Figure 4 

shows the transient quick scan XAFS (QXAFS) 

response and in situ CT-XAFS imaging of the Pt/C 

cathode catalyst in the MEA conducted at the same 

point after the aging treatment. In situ time-resolved 

QXAFS yields information about the change in the 

oxygen reduction reaction dynamics. Additionally, 

in situ XAFS imaging after ADT cycles provides 

three-dimensional imaging of the content and 

chemical state of Pt cathode catalyst in an MEA, 

which is useful for investigating the spatially and 

temporally heterogeneous transient process 

occurring in practical PEFCs. The results will be 

presented elsewhere. 

 

 

Fig. 3. Schematic of sequential in situ/operando 

multi-analytical measurement system for 

PEFCs [2]. 

 

 

Fig. 4. (A) Transient white line peak response of Pt 

LIII-edge QXANES response at a time 

resolution of 100 ms under fast potential 

changes from 0.4 V to 1.0 V. (B) Three-

dimensional images of the Pt valence in 

cathode catalyst layer at a cell potential of 

1.0 V after an aging treatment [2]. 

 

Acknowledgments 

This work was supported by the NEDO of Japan. 

 

Yasuhiro Iwasawa*1, Kotaro Higashi*1, Tomohiro 

Sakata*1, Tomoya Uruga*1, 2, Oki Sekizawa*1, 2, 

Mizuki Tada*3, and Toshihiko Yokoyama*4 

*1 The University of Electro-Communications 

- 176 -



 

Contract Beamlines 

*2 JASRI 

*3 Nagoya University 

*4 Institute for Molecular Science 

 

References: 

[1] O. Sekizawa et al., J. Phys: Conf. Series 430, 

012020 (2013). 

[2] T. Uruga et al., The Chem. Rec. 19, 1444 (2019). 

 

- 177 -



 

SACLA Beamlines 

5-4. SACLA Beamlines 

 

In September 2017, SACLA entered a new 

operation phase called “Phase 2”, where three 

beamlines (BL1–BL3) are operated in parallel [1]. 

Table 1 summarizes the major operational 

parameters of the three beamlines. The soft X-ray 

free-electron laser (SX-FEL) beamline (BL1) has a 

dedicated linac to operate independently. The 

SACLA main linac can switch an electron-beam 

route in a pulse-by-pulse manner to simultaneously 

drive the two X-ray FEL (XFEL) beamlines, BL2 

and BL3. The multiple-beamline operations have 

substantially increased the user beamtime from 

~4,020 hours in FY2016 to ~6,270 hours in FY2018. 

The enhanced availability should produce more 

research outcomes. A list of recent publications is 

on SACLA’s website [2]. Phase 2 operations include 

a beam injection into the storage ring of SPring-8. 

The injection tests began in FY2018, and regular 

operations should commence in FY2020. 

The new operation scheme has brought more 

opportunities for R&D activities by the facility. The 

beamlines and experimental stations have been 

upgraded to enable more efficient experiments and 

more advanced research. To further promote R&D 

through close collaborations with outside experts, 

the facility has three strategic programs: 

(1) SACLA Basic Development Program 

(2) SACLA Industry–Academy Partnership  

Program 

(3) SACLA Research Support Program for  

Graduate Students 

These programs have developed new methods and 

instruments [3], widened the application scope [4], 

and introduced young researchers to XFEL science 

[5]. Below the major upgrades of the beamlines and 

experimental stations in FY2018 as well as an 

example of recent research activities, especially for 

industrial applications, are described. 

 

1. Soft X-ray FEL beamline (BL1) 

1-1. FEL pulse arrival–time monitor 

A new photon-diagnostic system was installed at 

BL1 to measure the relative arrival time of an SX-

FEL pulse against an optical laser pulse [6]. In this 

system, a beam-branching mirror splits a small 

portion from an SX-FEL beam and one-

dimensionally focuses the branch beam onto a 

GaAs wafer (Fig. 1). The focused FEL pulse 

induces a transient change in the optical reflectivity 

of GaAs, which is subsequently probed by an 

optical-laser pulse. The arrival time is obtained 

using a spatial decoding method [7]. The resolution 

 

Table 1. Major operational parameters of SACLA [1]. 

 BL1 BL2 and BL3 

Electron beam energy 800 MeV 

max. 

8.5 GeV max. 

Repetition 60 Hz max. 60 Hz max. 

Undulator period 18 mm 18 mm 

Undulator K value 2.1 max. 2.7 max. 

Photon energy 40–150 eV 4–20 keV 

FEL pulse energy 0.1 mJ at 100 

eV 

0.7 mJ at 10 

keV 
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Fig. 1. FEL pulse arrival–time monitor at SACLA BL1. 

 

of this system is ~20 fs in full width half maximum, 

which is sufficiently short compared with the 

durations of the SX-FEL and optical-laser pulses. 

This monitor is mainly used in ultrafast pump-probe 

experiments to compensate for the timing jitter by 

recording the time difference between the SX-FEL 

and optical-laser pulses in a shot-by-shot manner. 

 

1-2. Submicron focusing system for SX-FEL 

A submicron focusing system has been developed at 

BL1 under the SACLA Basic Development 

Program and SACLA Research Support Program 

for Graduate Students [3]. It is a two-stage focusing 

optics system, which is composed of Kirkpatrick-

Baez mirrors (first stage) and an ellipsoidal mirror 

(second stage). The beam size at the second focus is 

480 nm (vertical) and 680 nm (horizontal) in the full 

width at half maximum at a photon energy of 120 

eV. The focusing system can observe nonlinear 

optical phenomena and characterize the magnetic 

properties of micrometer-scale domains in solid-

state materials. 

 

2. Hard X-ray FEL beamlines (BL2 and BL3) 

2-1. Split-and-delay optics (SDO) 

An X-ray split-and-delay optical (SDO) system was 

developed in collaboration with Prof. K. 

Yamauchi’s group (Osaka University) [8]. This 

system produces double monochromatic XFEL 

pulses with a well-controlled time separation. 

Figure 2 shows the SDO system, which is installed 

in the optics hutch of BL3. The coming XFEL pulse 

is divided into two pulses by a beam splitter (BS). 

The split pulses propagate through different 

branches and spatially overlap at the sample 

position. The upper (lower) branch has a variable 

(fixed) path length. The delay time is controlled by 

changing the upper-path length in a jitter-free 

manner with a femtosecond resolution. This system 

was opened for users at BL3 in the 2018B term. 

 

2-2. Experimental platforms with high-power 

optical laser systems 

Two experimental platforms with high-power laser 

systems became operational at the SACLA-SPring-

8 Experimental Facility in FY2018. The high-power 
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Fig. 2. Split-and-delay optical system at SACLA BL3. 

 

femtosecond laser system was developed mainly for 

research on high energy density science (HEDS) [9]. 

The Ti:sapphire laser system can deliver 800-nm 

light pulses with a power above 100 TW to a 

vacuum interaction chamber at BL2 EH6. The laser 

pulse is then focused by an off-axis parabolic mirror 

to reach intensities far above 1018 W/cm2. A radio-

frequency (RF) signal at 5.7 GHz from SACLA is 

used for the time synchronization of the laser and 

the XFEL with a low timing jitter of about 20 fs in 

rms. The XFEL is typically used to diagnose the 

laser–matter interactions or the states of matter 

produced by the ultra-intense laser irradiation. Sets 

of compound refractive lenses adjust the spot size 

and the beam divergence of the XFEL beam without 

a significant change in the beam pointing.  

The other experimental platform at BL3 EH5 was 

developed for combination use of a high-power 

nanosecond laser and the XFEL in collaboration 

with Prof. R. Kodama’s group (Osaka University). 

The main target of the platform is matter under 

high-pressure states produced by laser-induced 

shock waves. The XFEL beam, which can be 

focused with a set of KB mirrors, is mainly used for 

ultrafast X-ray diffraction (XRD) or small-angle X-

ray scattering experiments on shock compressed 

matter. 

 

3. Research highlight 

In situ X-ray diffraction study on steel under 

ultrafast heating 

Yonemura and colleagues developed a technique for 

in situ XRD measurements under the SACLA 

Industry–Academy Partnership Program. They 

applied their technique to the evaluation of the 

phase transformation kinetics in steel under thermal 

treatment. Figure 3 shows the setup for experiments 

on Fe–0.1mass%C martensitic steel during resistive 

heating at ultrahigh rates up to 104 °C/s [4]. The 

results reveal that steel undergoes a massive reverse 

transformation during rapid heating to form a fine 

microstructure where the dislocation densities and 

carbon concentrations remain high. These findings 

will help develop and improve production processes 

of functional steels. 
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Fig. 3. Experimental setup for in situ XRD 

measurements of steel samples under 

ultrafast heating up to 104 °C/s. 
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6. Industrial Use 

 

1. SPring-8 

1-1. Overview 

In FY2018, 148 companies conducted experiments 

at the public and contract beamlines in SPring-8, 

and 116 companies used the public beamlines. Of 

the approved proposals at public beamlines, 16.4% 

had project leaders by companies (proposals by 

industrial users), while 23% were teams, which 

included industrial users (Fig. 1). About 70% of the 

approved proposals by industrial users were 

Proprietary Proposals. These statistics suggest that 

the experiments conducted at SPring-8 are useful 

and effective for industrial research and 

development among company users. Over half of 

the proposals by industrial users were performed at 

the three Engineering Science beamlines: BL14B2, 

BL19B2, and BL46XU (Fig. 2). Proprietary 

Proposals were mainly performed at these 

Engineering Science beamlines (about 66%).

 

Fig. 1. Number of approved proposals in FY2018 categorized by the organization of the project leader. 

 

 

 

 

 

Fig. 2. Performed proposals by industrial users at public beamlines (FY2018).
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1-2. General proposals for industrial 

applications 

General proposals for industrial applications are 

non-proprietary. One requirement for general 

proposals for industrial applications is that at least 

one person on the project team must be employed 

by a private company. After 2018A, the proposal 

review frequency submitted to the three 

Engineering Science Beamlines increased from four 

to six times per year. Of the 221 submitted proposals 

in FY2018, 144 were approved. 

 

1-3. Priority research program for industrial 

applications 

At the three Engineering Science beamlines, cross-

SR facility use proposals for industrial application 

were conducted as a priority research program. The 

aim of this program is to proceed outputs of SR 

experiments in industrial application field by using 

SPring-8 and other SR facilities considering their 

characteristics of SR beams. Five of the eight 

submitted proposals were approved and performed 

in FY2018. 

In the fall of 2018, the evaluation committee of the 

priority research program “New industrial area 

proposals (from 2014A to 2017B)” concluded that 

the new industrial area proposals effectively 

promoted the use of SPring-8 in new industrial 

fields. 

 

1-4. Measurement services 

In FY2018, 47% of the proposals at the three 

Engineering Science beamlines were from 

industrial users. Most (80%) were proprietary 

proposals (Fig. 3). Less than half of the 

nonproprietary proposals were conducted by 

academia users (project leaders belonging to 

academic organizations such as universities and 

public institutes). Almost all nonproprietary 

proposals at the Engineering Science beamlines 

(58% of all proposals at industrial beamlines) were 

general proposals for industrial applications.

 

 

 

Fig. 3. Types of proposals at the three Engineering Science beamlines in FY2018. 
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1-5. Lectures, workshops, and training for users 

in industrial application fields 

The industrial application division held lectures, 

workshops, and training for beginners and potential 

users in industrial application fields. Lectures on 

XAFS analysis and workshops were held two and 

three times in FY2018, respectively. In addition, 

there were three workshops on electron devices, 

metals, and catalysis. There were 240 participants at 

the workshop titled, “The 15th Joint Conference on 

Industrial Applications of SPring-8”, which was 

held on September 5th and 6th. Trainings on XAFS 

and X-ray imaging were held seven times and once 

at BL14B2, respectively. Trainings on powder 

diffraction and SAXS at BL19B2 were held twice 

and once, respectively. A training on GIXD and 

HAXPES was held once at BL46XU. 

 

1-6. Publications of industrial application fields 

An XAFS spectral database of standard samples 

was published on the SPring-8 website 

(http://support.spring8.or.jp/xafs/standardDB/stand

ardDB.html). By the end of FY2018, there were 913 

published XAFS spectra. Additionally, there were 

48, 34, and 41 peer-reviewed papers published in 

2018 for research at BL14B2, BL19B2, and 

BL46XU, respectively. 

 

2. SACLA 

Please refer to SACLA Beamlines. 

 

Ichiro Hirosawa 

Industrial Application Division, JASRI 
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7. Proposal Committee 

 

The FY2018 activities of the committees related to 

Usage Promotion Services of JASRI as a Registered 

Institution for Facilities Use Promotion (hereafter, 

Registered Institution) of SPring-8 and SACLA 

committees are described. 

 

1. SPring-8 

1-1. Overview of committees  

In accordance with the provision of Article 16 of the 

Act for the Promotion of Public Utilization of 

Specific Advanced Large Research Facilities (Act 

No. 78 of 1994; which is hereafter, Public 

Utilization Act), the Registered Institution 

established the SPring-8 Selection Committee and 

held meetings to hear opinions about User Selection 

Services of JASRI. Moreover, the following 

committees held meetings so that the president of 

JASRI could select proposals as the Registered 

Institution: (a) SPring-8 Proposal Review 

Committee to review research proposals, (b) 

Contract Beamline Committee to review contract 

beamlines, (c) Partner User Review Committee to 

review Partner Users, (d) Epoch-Making Initiatives 

Projects Review Committee to review research 

groups for Epoch-Making Initiatives Projects, and 

(e) SPring-8/SACLA Research Results Review 

Committee to examine matters related to the 

publication of research results. 

Moreover, a meeting of Review Committee of 

Research Activities as Registered Institution was 

held to review the activities of JASRI on Research 

Utilizing Facilities in accordance with Article 12 of 

the Public Utilization Act. 

 

1-2. Meetings of committees 

Committee meetings were held as follows. 

 

27th SPring-8 Selection Committee Meeting 

[Date] (Tue) 31 July 2018 

[Place] Station Conference Tokyo (Tokyo) 

 

28th SPring-8 Selection Committee Meeting 

[Date] (Thu) 7 February 2019 

[Place] Station Conference Tokyo (Tokyo) 

 

29th SPring-8 Proposal Review Committee 

Meeting 

[Date] (Fri) 13 July 2018 

[Place] SPring-8 

 

30th SPring-8 Proposal Review Committee 

Meeting 

[Date] (Wed) 30 January 2019 

[Place] SPring-8 

 

27th Contract Beamline Committee Meeting 

[Date] (Tue) 29 May 2018 

[Place] SPring-8 

 

28th Contract Beamline Committee Meeting 

[Date] (Fri) 16 November 2018 

[Place] SPring-8 

 

14th Partner User Review Committee Meeting 

[Date] (Fri) 25 May–(Wed) 6 June 2018 

[Place] – (Document review by email) 

 

15th Partner User Review Committee Meeting 

[Date] (Tue) 4 December 2018 

[Place] SPring-8 
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16th Partner User Review Committee Meeting 

[Date] (Fri) 7 December 2018 

[Place] SPring-8 

 

7th Epoch-Making Initiatives Projects Review 

Committee Meeting 

[Date] (Thu) 21 June 2018 

[Place] SPring-8 

 

8th Epoch-Making Initiatives Projects Review 

Committee Meeting 

[Date] (Fri) 30 November 2018 

[Place] SPring-8 

 

14th SPring-8/SACLA Research Results Review 

Committee Meeting 

[Date] (Tue) 3 July 2018 

[Place] SPring-8 

 

15th SPring-8/SACLA Research Results Review 

Committee Meeting 

[Date] (Mon) 17 December 2018 

[Place] SPring-8 

 

3rd Meeting of Review Committee of Research 

Activities as Registered Institution 

[Date] (Wed) 19 September 2018 

[Place] SPring-8 

 

1-3. Members of committees (members of 

committees as of 31 March 2019) 

FY2017-2018 SPring-8 Selection Committee 

(Chair) 

Satoshi Sasaki 

Professor emeritus,  

Tokyo Institute of Technology 

(Deputy chair)  

Yoshiyuki Amemiya 

Project Professor, The University of Tokyo 

(Members) 

Hiroyuki Kishimoto 

Head of Chemical Analysis Center, Chemical 

Analysis Center Research & Development HQ. 

Sumitomo Rubber Industries, Ltd. 

Kazue Kurihara 

Professor, Tohoku University 

Yuichi Shimakawa 

 Professor, Kyoto University 

Yoshiki Seno 

 Vice-director, 

 Kyushu Synchrotron Light Research Center 

Takashi Taniichi 

 Professor and Vice president, 

 Sanyo Gakuen University 

Tomitake Tsukihara 

 Specially appointed professor,  

 University of Hyogo 

Masaharu Nomura 

  Diamond fellow, 

 Inter-University Research Institute Corporation 

High Energy Accelerator Research Organization 

Akihiko Fujiwara 

 Professor, Kwansei Gakuin University 

Yuriko Yamagata 

 Professor emeritus, Kumamoto University 

Hideaki Yokomizo 

 Director also President, 

 Neutron Science and Technology Center, 

Comprehensive Research Organization for 

Science and Society (CROSS) 

Yoshio Watanabe 

 Deputy director, 

 Aichi Synchrotron Radiation Center 
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Proposal Committee 

Use 
Aichi Science & Technology Foundation 

 

Committee for Reviewing Research Activities as 

Registered Institution for Facilities Use Promotion 

(Chair) 

Masaharu Nomura 

 Diamond fellow, 

 Inter-University Research Institute Corporation, 

High Energy Accelerator Research Organization 

(Members) 

Satoshi Sasaki 

  Professor emeritus,  

  Tokyo Institute of Technology 

Mamoru Sato 

  Professor, Yokohama City University 

Osamu Shimomura 

 Professor emeritus,  

 Inter-University Research Institute Corporation, 

High Energy Accelerator Research Organization 

Kozaburo Nakaseko 

 Senior Executive R&D Advisor, 

Sumitomo Rubber Industries, Ltd. 

Hitoki Yoneda 

 Professor,  

The University of Electro-Communications 

 

2. SACLA 

2-1. Overview of committees  

In accordance with the provision of Article 16 of the 

Act for the Promotion of Public Utilization of 

Specific Advanced Large Research Facilities (Act 

No. 78 of 1994, which is hereafter, Public 

Utilization Act), the Registered Institution 

established the SACLA Selection Committee and 

held meetings to hear opinions about User Selection 

Services of JASRI. Moreover, the SACLA Proposal 

Review Committee held meetings to review 

research proposals, so that the president of JASRI 

could select proposals as the representative of the 

Registered Institution. 

The activities of the committees related to the Usage 

Promotion Services of both SACLA and SPring-8 

included (a) SPring-8/SACLA Research Results 

Review Committee, which examined matters 

related to the publication of research results and (b) 

Committee for Reviewing Research Activities as 

the Registered Institution for Facilities Use 

Promotion, which was founded by JASRI as a 

Registered Institution to review the activities on 

Research Utilizing Facilities in accordance with 

Article 12 of the Public Utilization Act. Specific 

activities of the SPring-8 committees can be found 

on the website. 

 

2-2. Meetings of committees 

Committee meetings were held as follows. 

 

17th SACLA Selection Committee Meeting 

[Date] (Wed) 8 August 2018 

[Place] Station Conference Tokyo (Tokyo) 

 

18th SACLA Selection Committee Meeting 

[Date] (Fri) 18 January 2019 

[Place] Station Conference Tokyo (Tokyo) 

 

15th SACLA Proposal Review Committee Meeting 

[Date] (Mon) 30 July 2018 

[Place] SPring-8/SACLA site 

 

16th SACLA Proposal Review Committee Meeting 

[Date] (Tue) 25 December 2018 

[Place] Himeji Nishi-Harima Regional Industry 

Center (Jibasan Building) 
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Proposal Committee 

Use 
2-3. Members of committees (members of 

SACLA Selection Committee as of 31 March 

2019) 

(Chair) 

Yoshiyuki Amemiya 

Project Professor, The University of Tokyo 

(Deputy chair) 

Atsushi Nakagawa 

  Professor, Osaka University 

(Members) 

Ryoji Asahi 

 Leader, 

 Materials Informatics Research Domain,  

Toyota Central R&D Labs., Inc. 

Shinichiro Iwai 

  Professor, Tohoku University 

Midori Kamimura 

  Distinguished research scientist, 

 Molecular Structure & Design, 

 Teijin Institute for Bio-Medical Research, 

TEIJIN PHARMA LIMITED 

Osamu Nureki 

 Professor, The University of Tokyo 

Noriaki Miyanaga 

  Special researcher (Research manager), 

 Institute for Laser Technology 

Professor emeritus, Osaka University 

Yoichi Murakami 

  Professor, 

  Inter-University Research Institute Corporation, 

High Energy Accelerator Research Organization 

Hitoki Yoneda 

 Professor, 

 The University of Electro-Communications 

 

User Administration Division, JASRI 
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Safety Management 

 

1. Abstract 

In accordance with the Act on Prevention of 

Radiation Hazards due to Radioisotopes, etc., the 

43rd and 44th applications for approval of changes 

in SPring-8 and SACLA facilities were approved on 

May 10, 2018 and October 30, 2018, respectively. 

Monitoring the environmental radiation inside the 

facilities and the surrounding area of the SPring-

8/SACLA site confirmed that the radiation levels 

were sufficiently lower than the limits designated by 

law. 

Management of radiation workers was properly 

conducted for the 6,914 registered workers. This 

included implementation of radiation training and 

management of their personal radiation exposure. 

Similarly, chemicals, high-pressure gases, 

biological experiments, cranes, lasers, etc. were 

managed in compliance with all applicable laws and 

regulations. 

 

2. Radiation safety management 

2-1. Summary 

There were no problems with radiation management 

in all accelerators and facilities within the site in 

FY2018.  

 

2-2. Application for approval 

The following applications for changes in the 

radiation facilities were submitted in FY2018: 

 

43rd application for approval of amendment  

 *Application date: April 25, 2018 

 *Approval date: May 10, 2018 

(1) Removal of SACLA 50 MeV dump 

(2) Changes in SR (storage ring) beamline 

BL10XU 

(3) Modification of the XFEL-SPring-8 

Experimental Facility 

 

44th application for approval of amendment 

*Application date: September 12, 2018 

*Approval date: October 30, 2018 

(1) Changes in SR beamline BL45XU 

 

2-3. Radiation Protection Committee 

The Radiation Protection Committee met three 

times in FY2018: 

 

25th Harima Radiation Protection Committee 

(April 18, 2018) 

The content of the 43rd application for approval of 

changes was deliberated and approved. 

 

26th Harima Radiation Protection Committee 

(September 6, 2018) 

The content of the 44th application for approval of 

changes, the revised proposal for the Regulations 

for Radiation Hazard Prevention in Harima, and 

the proposal for the Guidelines for Education and 

Training on Radiation on the Harima Campus were 

deliberated and approved. 

 

27th Harima Radiation Protection Committee 

(December 5, 2018) 

Proposals to unify the operation of the emergency 

stop buttons of SPring-8/SACLA and terminate 

radiation protection administrators were 

deliberated and approved. 

  

2-4. Periodic inspections/facility inspections 
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No mandated periodic inspections/confirmations or 

facility inspections were conducted in FY2018. 

 

2-5. Radiation monitoring, etc. 

Radiation measurements of all accelerator facilities 

(including the SR beamlines) of SPring-8/SACLA 

confirmed that the radiation levels were within the 

standards designated by law. 

In the controlled areas of SPring-8/SACLA where 

workers enter regularly, a maximum dose of 5.5 

μSv/h was detected in a beamline hutch of the 

Experimental Hall of the Storage Ring. However, in 

the places where SPring-8/SACLA users work, the 

measured radiation doses were less than 1.0 μSv/h 

(background level). Radiation doses at other 

measuring points were also sufficiently lower than 

the legal limit of 1 mSv/week (duration of 

evaluation: 40 h/week). Similarly, periodic 

inspections confirmed that the radiation doses at the 

boundaries of the controlled areas during SPring-

8/SACLA operations were sufficiently lower than 

the legal limit of 1.3 mSv / 3 months (duration of 

evaluation: 520 h / 3 months). 

Measurements of the environmental radiation 

conducted at the boundaries of the site detected a 

maximum dose rate of 0.05 μSv/h and a maximum 

accumulated dose of 0.02 mSv / 3 months, which 

were sufficiently lower than the legal limit of 0.25 

mSv / 3 months (duration of evaluation: 2,184 h / 3 

months). Quarterly measurements of the 

surrounding environment confirmed that SPring-

8/SACLA operations did not affect the radiation 

levels in the environment surrounding the site. 

   

2-6. Management of radiation workers and 

control of entering/exiting facilities  

The total number of radiation workers in FY2018 

was 6,914. This included 5,776 SPring-8/SACLA 

users, which accounts for about 84% of all radiation 

workers. The cumulative number of temporary 

visitors was 20,907, which include 10,638 open 

house attendees. 

 

2-7. Management of personal radiation exposure 

We issued personal dosimeters to personnel who 

worked on the site as radiation workers. Each month 

we collected the used dosimeters to measure the 

exposure doses. Personal dosimeters were also 

issued to short-stay visitors such as public beamline 

users for the duration of their stay as well as to 

resident workers of external organizations for every 

month that they were stationed. These dosimeters 

were collected after use to measure the exposure 

doses. 

Measurements of radiation doses conducted in 

SPring-8/SACLA verified that all radiation workers 

had exposure doses much lower than the limits 

designated by related laws and regulations, and the 

Regulations for Radiation Hazard Prevention. 

These observations demonstrate that there is not a 

radiation problem. 

 

3. Safety management of chemicals 

Chemicals have been controlled in a proper manner 

compliant with related laws and regulations. 

Biannual working environment measurements on 

specified chemical substances and organic solvents 

confirmed that they were handled appropriately in 

working environments. Voluntary periodic 

inspections and necessary repair work on local 

exhaust devices for handling chemicals has 

maintained adequate performance of the devices. 

Narcotics, stimulants, and psychotropics that were 

approved for use were controlled in a proper manner. 
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The required application and notification 

concerning these items were performed in 

compliance with related laws and regulations. 

 

4. Safety management of high-pressure gases 

Control of high-pressure gases and necessary 

applications/notifications were conducted in 

accordance with related laws and regulations. 

 

5. Safety management of biological experiments 

5-1. Genetic recombinant experiments 

Forty-seven projects (including 23 projects of users) 

were conducted in FY2018 after being examined 

and approved by the Genetic Recombination 

Committee or the Bio-safety supervisor. 

 

5-2. Animal experiments 

Sixteen projects (including 15 projects of users) 

approved by the Animal Experiment Committee 

were conducted in FY2018. An on-site inspection of 

facilities for breeding and keeping experimental 

animals conducted by the Hyogo-prefecture Animal 

Protection Center on June 8, 2018 did not identify 

any problems.  

 

5-3. Microorganisms 

Five projects (including two projects of users) 

approved by the committee were conducted in 

FY2018. 

 

5-4. Research involving human subjects 

Twenty-one projects of users and the like involving 

human-derived materials were conducted in 

FY2018 after approval by the committee and the 

like. 

 

6. Safety review of proposals 

A total of 2,900 proposals underwent a safety review. 

The safety issues in 2019 A-term and B-term 

proposals were reviewed in June 2018 and 

December 2018, respectively. Second-term 

proposals for industrial applications, proprietary 

time-designated proposals, urgent proposals, 

proposals for SPring-8 measurement service, in-

house proposals, and others were also reviewed. 

 

7. Emergency measures 

In addition to the full-time employees and 

contractor staff working on the campus, many 

people visit SPring-8/SACLA, including 

experimental users, visiting researchers, trainees, 

and other part-time employees from external 

research institutions and companies inside and 

outside Japan. In FY2018, we secured a storage 

space of stockpiles for disaster prevention in the 

SPring-8 Guest House, which is used by short-stay 

experimental users, and prepared an adequate 

amount of emergency supplies such as emergency 

food, drinking water, and sleeping bags. We also 

placed helmets to protect heads in each room of the 

Guest House. Furthermore, in cooperation with the 

Tatsuno Firehouse of Nishiharima Fire Department, 

we conducted a joint disaster drill with each 

organization that had their office within the campus 

on September 7. Examples include a drill to rescue 

a survivor in need of assistance from the roof of the 

Main Building and training on the relief and 

protection of injured persons. 

 

Harima Safety Center, RIKEN 

Safety Office, JASRI 

Harima Administrative Division, RIKEN 
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Facility Management 

 

1. Introduction 

Facility management is focused on securing safety, 

stability, and high reliability for facility equipment 

and systems at each experimental facility. It must 

provide the efficient and effective delivery of 

support services not only to domestic academia, 

research institutes, and industry but also to foreign 

ones because SPring-8/SACLA offer world-leading 

highly brilliant X-rays. We efficiently control and 

provide support 24/7 to all facilities.  

We use a five-year plan to manage the construction 

and maintenance of the facilities and their 

equipment systems such as electrical equipment, 

cooling units, experimental drainage, telephones, 

and hygiene air conditioning. This plan includes 

daily systematic monitoring and periodic 

inspections. In addition, we implemented a plan to 

improve the overall research environment through 

initiatives to address aging equipment and energy-

saving measures. 

 

2. Management of utilities (lighting, heating, and 

water) 

2-1. Electricity 

Electricity is provided by KEPCO’s (Kansai 

Electric Power Company) duplicate lines. The 

receiving voltage is 77 kV. The total contracted 

powers is 36,200 kW. (The industrial power for 

facilities is 34,500 kW, and the non-industrial power 

for administrative/sitting rooms is 1,700 kW.). The 

electric power consumption in FY2018 was 206 

GWh. Figure 1 and Table 1 show the trends in 

electric use over the past five years.  

At peak electric demand times, we implemented 

measures to ensure the total consumed power was 

below the contract limit. These measures included 

increased monitoring of overall use, controlling air-

conditioning set points, and implementing periods 

with energy conservation measures.  

Additionally, we took responsibility for researchers’ 

needs and their related organizations and divisions 

regarding electric power quality/stability 

enhancements toward upgrading/diversifying 

research. 

 

 

Fig. 1. Electricity consumption trends (at Harima). 

 

Table 1. Electricity consumption. 

 
FY 

2014 

FY 

2015 

FY 

2016 

FY 

2017 

FY 

2018 

Industrial 

power 
188.6 179.4 180.4 193.4 198.9 

Non-industrial 

power 
6.0 6.0 6.8 7.3 7.0 

SPring-8 as a 

whole 
194.6 185.4 187.2 200.7 205.9 

(±) 9.6 -9.2 1.7 13.5 5.2 

[Unit: GWh] 

 

2-2. Water and sewage 

Tap water is provided by the water sewage office 

Harima highlands wide area administration 

association from the Chikusa river. The usage flow 

rate of the tap water in FY2018 was 281 km3 while 
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the amount of sewage discharge was 110 km3. 

Figure 2 and Table 2 show the trends for the past 

five years for water consumption, while Fig. 3 and 

Table 3 show the trends for sewer excretion for the 

past five years. 

 

 

Fig. 2. Amount of water used (at Harima Campus). 

 

Table 2. Amount of water used. 

 
FY 

2014 

FY 

2015 

FY 

2016 

FY 

2017 

FY 

2018 

Public 

facility 
214.0 191.4 196.4 197.0 204.1 

RIKEN 

facility 
68.4 68.1 66.0 70.9 76.5 

SPring-8 

as a whole 
282.4 259.5 262.4 267.9 280.6 

(±) 8.4 -22.9 2.9 5.5 12.7 

[Unit: km3] 

 

 

 

 

Fig. 3. Amount of sewer excretion (at Harima 

Campus). 

 

Table 3. Amount of sewer excretion. 

  
FY 

2014 

FY 

2015 

FY 

2016 

FY 

2017 

FY 

2018 

SPring-8 

as a whole 
109.0  101.0  108.9  97.0  109.8 

(±) 8.0  -8.0  7.9  -11.9  12.8 

[Unit: km3] 

 

2-3. Gas 

Town gas (13A) is provided by the West Harima 

station of Osaka Gas. The FY2018 usage flow rate 

was 243 km3. Figure 4 and Table 4 show the trends 

of gas use for the past five years.  

 

 

Fig. 4. Amount of town gas used (at Harima 

Campus). 

 

Table 4. Amount of town gas used. 

 
FY 

 2014 

FY 

2015 

FY 

2016 

FY 

2017 

FY 

2018 

Public 

facility 
294.8 261.4 222.5 252.5 227.2 

RIKEN 

facility 
578.3 392.5 25.2 15.3 15.3 

SPring-8 

as a whole 
873.1 653.9 247.7 267.8 242.5 

(±) -228.9 -219.2 -406.2 20.1 -25.3 

[Unit: km3] 

 

2-4. Energy conservation 

We enacted the following measures in FY2018 to 
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reduce CO2 emission and save energy: 

(1) Heat source equipment of accelerator and 

beamline R&D facility was updated, and five 

module chillers were installed to offer energy-

efficient solutions for partially loading 

operations. 

(2) Existing air conditioners were upgraded to “top 

runner” packaged air conditioners (a set of 

energy efficiency standards for energy-intensive 

products based on the government’s initiative) at 

the following facilities: 

∙ Machine Laboratory (eight outdoor units, eight 

indoor units) 

∙ RI Laboratory (nine outdoor units, 18 indoor 

units) 

(3) Fluorescent lights were updated to LED lights at 

the following facilities:  

Common spaces at the Storage Ring, toilet 

cubicles at the Main Building, offices at the 

Public Relations Center, entrance hall at the 

SACLA Accelerator Building and Undulate 

Building, and Experimental Hall at the SACLA 

Experimental Facility. 

(4) As part of the roof of Storage Ring and external 

wall coating repair work (for the first and second 

term), we applied a promising paint with a 

shielding effectiveness to the roof and external 

walls as an energy-saving measure. 

(5) Operations of an injection system and machine 

cooling system at the Storage Ring were 

temporarily suspended during an inspection 

adjustment period in the summer, winter, and 

fiscal year-end. These efforts eliminated 1,977 

tons of CO2 per year. 

(6) Machine cooling equipment, which was a 

recirculating piped water system to remove 

waste heat at the Storage Ring, was upgraded 

into a more energy-efficient one, which uses 

cold outside air in the winter and a refrigerating 

machine in the summer. 

(7) During summer/winter maintenance periods and 

fiscal year-end, we eliminated 638 tons of CO2 

per year by partially running air handling units 

(AHUs) in the experimental hall at the Storage 

Ring. 

(8) During summer/winter maintenance periods and 

fiscal year-end, we eliminated 46 tons of CO2 

per year by partially operating outdoor AHUs 

and air-exhaust ventilators of the tunnels for the 

injector and accelerator at the Storage Ring. 

(9) During summer/winter maintenance periods and 

fiscal year-end, we eliminated 21 tons of CO2 

per year by partially operating air conditioners 

in the experimental hall at the RI Laboratory. 

(10) During summer/winter maintenance periods 

and fiscal year-end, we eliminated 25 tons of 

CO2 per year by partially operating FCUs (fan 

coil units) in the tunnels for the injector and 

accelerator at the Storage Ring. 

(11) We eliminated 63 tons of CO2 per year by 

partially operating the humidifying function of 

outdoor air handling units (OHUs) in the 

tunnels for injector/accelerator and in the 

experimental hall at the Storage Ring. 

 

3. Environmental conservation 

3-1. Industrial waste 

Wastes discharged from operating activities are 

mainly experimental equipment, office automation 

equipment, scrap metal, waste plastics such as 

packing material/filter, and sludge in water 

treatment. Wastes containing poisonous and 

deleterious substances such as experimental waste 

liquid and lead-acid batteries used for operations 

- 194 -



 

Appendix 

and maintenance are collected and stored as 

specially controlled industrial waste. Additionally, 

because tools such as sterilized syringe needles and 

scalpels are difficult to distinguish from medical 

waste, they were also collected and stored for 

specially controlled industrial waste. Then we asked 

a specific waste management company to dispose of 

them. 

Although animals used for lab experiments are 

supposed to be disposed of as general waste, we 

buried them in an animal cemetery to express our 

sympathy for the loss of the lab animals by 

following the guidance of the local municipality.  

Cooperation from employees and users is necessary 

to properly conduct garbage separation. Therefore, 

we engaged in explanatory sessions about waste 

disposal and issued warning notices to employees 

not properly handling waste via emails and posting 

announcements. 

Tables 5–7 show the amounts of waste for the past 

five years. 

 

Table 5. Waste amount in general industrial waste. 

 FY2014 FY2015 FY2016 FY2017 FY2018 

Sludge 58,845 16,015 23,505 12,518 6,029 

Waste oil/slush 1,820 4,193 7,080 3,041 3,390 

Waste alkali 412 879 570 73 231 

Waste acid 365 466 191 202 86 

Waste plastic 16,900 30,131 27,346 21,354 12,211 

Waste wood 6,697 7,149 5,370 7,569 3,937 

Waste/scrap metal 69,256 206,606*1 132,772 121,964 110,199 

Waste/cullet glass 903 739 1,126 1,093 1,079 

Wastes other than above 

(concrete, stone, etc.) 
68 1,569 982 1,027 212 

Biochemically stable waste 

mixture 
- - - - 2,427*2 

Biochemically unstable 

waste mixture 
- - - - 33,558*2 

Waste plastic 

(containing asbestos) 
- - - - 220*2 

Mercury used product 

industrial waste 
- - - - 934*2 

Dry batteries - - - - 130*2 

[Unit: kg] 

*1: Since we disposed of a concrete shielding wall (covered by iron plate), there is an increase in waste metal. 

*2: In accordance with a reconsideration of the waste classification, new items were added in FY2018 
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Table 6. Amount of specially controlled industrial waste. 

 FY2014 FY2015 FY2016 FY2017 FY2018 

Waste acid 580 276 2,488 807 183 

Waste alkaline 58 31 18 708 423 

Waste oil 471 1,051 403 182 279 

Sludge 267 221 198 372 173 

Infectious waste 7 9 3 16 12 

PCB - - - - - 

[Unit: kg] 

 

Table 7. Amount of general waste. 

 FY2014 FY2015 FY2016 FY2017 FY2018 

Laboratory animal 516 636 499 410 566 

[Unit: kg] 

 

 

Harima Administrative Division, RIKEN 

Harima Safety Center, RIKEN 
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 Information / Network

1. Introduction

The ICT (information communication technology) 

infrastructure and its services at the Harima campus 

of RIKEN are provided for users of SPring-

8/SACLA, which is managed and operated by RSC 

(RIKEN SPring-8 Center) and RIKEN (as the 

owner of the SPring-8/SACLA facilities at Harima 

campus) and supported by JASRI (Japan 

Synchrotron Radiation Research Institute, as the 

registered institution for facilities use promotion for 

SPring-8/SACLA). 

2. Work assignments for the SPring-8/SACLA 

mission 

Joint business construction among RSC, RIKEN, 

and JASRI in the ICT system operations were as 

follows: 

RSC and RIKEN 

(1) Administration of Hardware of ICT

∙ Servers/storage hardware and virtual 

machines infrastructure

∙ Wired and wireless network infrastructure

∙ Control system to enter and exit a building

(2) Administration of Software of ICT

∙ Operating system, etc.

∙ Middleware, etc.

(a) Web (Apache, CMS, etc.)

(b) Mail system software

(c) Management of virtual machines

(d) Management of authentication, etc.

JASRI 

(1) Information content management for users of

SPring-8/SACLA

(2) Management of user accounts for use of

SPring-8/SACLA 

(3) Security audit for spring8.or.jp domain and its

IP address range

3. Work description in FY2018

In FY2018, the following operations were 

conducted to ensure stability of the information 

system services at SPring-8/SACLA and the 

RIKEN Harima branch. 

(1) Operations of the network infrastructure

(2) Construction of additional network cable

facilities

(3) Construction of new email system

(4) Provision of network services to users

4. Conclusions

By operating the ICT system in the RIKEN Harima 

campus, which includes the SPring-8/SACLA 

facilities, information systems and information 

environments are provided to shared facilities users, 

including JASRI and RIKEN members. Although 

the robustness of the management system is not 

sufficient yet, sharing of ICT systems among 

stakeholders such as RIKEN, RSC, JASRI, and 

shared facilities users will facilitate cooperation and 

understanding. We will make efforts to optimize the 

management system of ICT services and realize 

smooth operation of the entire information system 

by increasing availability, clarifying roles, and 

soliciting feedback from different stakeholders.   

Motoyoshi Kurokawa 

Harima Information Systems Office, RIKEN 
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Outreach Activities 

 

 

 

1. Press Releases 

Research results using SPring-8 or SACLA are 

disseminated through press releases or interviews. 

In FY2018, we issued 44 press releases and 

provided 7 interviews. 

 

2. Site Tours 

We conducted Site Tours. Each one included an 

overview and a tour of SPring-8 and SACLA. 

In FY2018, we welcomed a total of 5,976 visitors 

for tours. 

 

3. Open House 

This year’s Open House at the RIKEN Harima 

Campus was held on April 29, which was a sunny 

day. We welcomed a total of 10,672 visitors. The 

theme for the day was “Meet the Scientists: Learn 

some of the most insightful lessons in the world 

today!” Our researchers hosted a variety of event to 

educate visitors about various SPring-8 and SACLA 

projects and their contributions to society. 

Highlights of the day included facility tours, 

presentations about scientific discoveries at SPring-

8 and SACLA, and hands-on experiments with 

lessons related to synchrotron radiation science. 

 

4. Conferences 

In FY2018, we supported five conferences related 

to SPring-8 and SACLA (Table 1).

 

 

Table1. Conferences related to SPring-8 and SACLA. 

Date Title Venue 

April 24-27, 2018 
International Conference on X-ray Optics and 

Applications 2018 
Yokohama 

August 25-26, 2018 SPring-8 Symposium 2018 Himeji 

September 6-7, 2018 SACLA Users' Meeting 2018 SACLA 

January 9-11, 2019 32th Annual Meeting (JSR 2019) Fukuoka 

March 25-26, 2019 SPRUC BLs Workshop SPring-8 

 

SPring-8 Center Promotion Office, RIKEN 
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Budget Information 
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Internarional Cooperation 

Comprehensive Agreements (Memorandum of Understanding) 

between SPring-8 and Overseas Reasearch Institutions 

Asia 

China Shanghai Institute of Applied Physics (SINAP) 
September, 

2011 

Korea Pohang University of Science and Technology (PAL) December, 2005 

Republic of 

China 
National Synchrotron Radiation Research Center (NSRRC) August, 2008 

Thailand Synchrotron Light Research Institute (SLRI) March, 2006 

America 

Canada Canadian Light Source (CLS) October, 2012 

United States 

Advanced Photon Source (APS) March, 2006 

Brookhaven National Laboratory (BNL) May, 2009 

Lawrence Berkeley National Laboratory (LBNL) February, 2004 

Europe 

France 
European Synchrotron Radiation Facility (ESRF) March, 2006 

Synchrotron SOLEIL June, 2013 

Germany 
Deutsches Elektronen-Synchrotron (DESY) February, 2007 

European X-Ray Free-Electron Laser Facility GmbH February, 2015 

United 

Kingdom 

Diamond Light Source (DLS) March, 2006 

University of Liverpool (UoL) January, 2009 

Ukraine 
National Technical University of Ukraine 

“Kyiv Polytechnic Institute” 
June, 2013 

Sweden MAX IV Laboratory July, 2014 

Switzerland Paul Scherrer Institute (PSI) October, 2006 

Oceania 

Australia Australian Nuclear Science and Technology Organisation (ANSTO) August, 2011 

United States Advanced Photon Source (APS) * 
1993 

France European Synchrotron Radiation Facility (ESRF) * 

* Three-party agreement with SPring-8, APS and ESRF 
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Appendix 

Statistics on Research Subjects 

SACLA 

Research Term 2018A 2018B 

2018.03-2018.08 2018.10-2019.03 

BL1 Submitted Proposals 8 12 

Approved Proposals 8 7 

Conducted Proposals 8 7 

Proprietary Proposals 0 0 

Time-Designated Proposals 0 0 

BL2 / BL3 Submitted Proposals 71 82 

Approved Proposals 47 49 

Conducted Proposals 47 50 

Proprietary Proposals 0 0 

Time-Designated Proposals 0 1 

Number of the User Visits 643 653 

SPring-8 

Research Term 2018A 2018B 

2018.04-2018.08 2018.10-2019.02 

Public Beamlines Submitted Proposals 931 982 

Approved Proposals 719 744 

Conducted Proposals* 755 822 

Proprietary Proposals 41 46 

Time-Designated Proposals 6 16 

Measurement Services 37 60 

Number of the User Visits 5,009 5,468 

Contract Beamlines Conducted Proposals 323 361 

Proprietary Proposals 22 39 

Number of the User Visits 3,231 3,303 

* Conducted Proposals includes non-submitted Proposals.
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FY2018 Partner Users 

  Beamline Partner User Proposal Title 

1 

BL02B1 

(Single Crystal 

Structure Analysis) 

Name Bo Iversen 
Application of synchrotron radiation 

in materials crystallography 
Affiliation University of Aarhus 

Term FY2014-FY2018 

2 
BL02B2 

(Powder Diffraction) 

Name Chikako Moriyoshi Development of operand structure 

analytical system of powder and 

multi-particle X-ray diffraction 

Affiliation Hiroshima University 

Term FY2015-FY2018 

3 

BL04B1 

 (High Temperature 

and High Pressure 

Research) 

Name Tetsuo Irifune Advancement of studies on physical 

properties of the Earth and related 

materials at high pressure and 

temperature using large-volume press 

Affiliation Ehime University 

Term FY2015-FY2018 

4 

BL20XU  

(Medical and 

Imaging II) 

Name Hiroyuki Toda Further advances in 4D imaging and 

surrounding image analysis 

techniques for structural materials 

Affiliation Kyushu University 

Term FY2015-FY2018 

5 

BL43IR  

(Infrared Materials 

Science) 

Name Takahiko Sasaki Charge dynamics in molecular 

materials with strongly correlated 

electrons studied by infrared 

microscopic spectroscopy using 

synchrotron radiation light 

Affiliation Tohoku University 

Term FY2016-FY2019 

6 

BL09XU  

(Nuclear Resonant 

Scattering) 

Name Kojiro Mimura 

Construction of composite 

measurement technology of resonant 

hard x-ray photoemission and x-ray 

absorption spectroscopies, for 

elucidating quantum critical 

phenomena of strongly correlated 

electron system 

Affiliation 
Osaka Prefecture 

University 

Term FY2017-FY2018 

7 

BL10XU 

 (High Pressure 

Research) 

Name Kei Hirose 

Novel development of high-pressure 

and high-temperature diamond-anvil 

cell experiments 

Affiliation 
Tokyo Institute of 

Technology 

Term FY2017-FY2018 
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Number of the User Visits (past 10 years) 

Fiscal Year SPring-8 SACLA  

2009 12,938     

2010 14,496     

2011 14,758     

2012 15,249  758   

2013 13,381  678   

2014 16,178  830   

2015 15,281  1,079   

2016 16,113  1,188   

2017 17,607  1,219   

2018 17,011  1,296   

Total 250,297  5,752   

 

 

Number of the Research Proposals (past 10 years) 

Fiscal 

Year 

SPring-8 SACLA 

Private 

Sector 
University 

Public 

Institute 
Foreign 

Private 

Sector 
University 

Public 

Institute 
Foreign 

2009 443  929  381  151          

2010 550  960  367  170          

2011 508  1,058  365  167          

2012 483  1,001  371  152  2  24  14  12  

2013 426  914  326  138  2  23  18  11  

2014 471  1,113  345  176  2  23  20  12  

2015 400  1,106  304  142  0  26  21  21  

2016 423  1,142  330  161  6  33  20  18  

2017 449  1,285  349  173  6  30  25  32  

2018 461  1,216  379  205  8  36  27  41  
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Statistics on Publications 

 

BL01B1 XAFS (1997.10) 357       58         76         65         74         92         75         86         89         66         1038        
Technical Journal                                                          1                                                                                                                                   1                     

BL02B1 Single Crystal Structure Analysis (1997.10) 121       19         12         18         36         42         36         42         36         29         391          

BL02B2 Powder Diffraction (1999.9) 438       67         82         59         96         71         81         94         78         70         1136        

BL04B1 High Temperature and High Pressure Research (1997.10) 153       21         22         16         20         19         16         16         15         15         313          

BL04B2 High Energy X-ray Diffraction (1999.9) 166       28         23         28         28         33         37         43         28         32         446          
Technical Journal                                                                             1                                                                                                                1                     

BL08W High Energy Inelastic Scattering (1997.10) 116       12         20         19         15         13         19         15         16         14         259          

BL09XU Nuclear Resonant Scattering (1997.10) 101       9           13         13         15         15         18         16         19         25         244          

BL10XU High Pressure Research (1997.10) 260       35         32         28         21         30         29         29         28         18         510          

BL13XU Surface and Interface Structure (2001.9) 121       18         27         6           16         21         24         36         27         30         326          

BL14B2 Engineering Science Research II (2007.9) 18         25         32         36         53         53         61         52         58         56         444          
Technical Journal                                                          1                 1                 1                                                                                             3                     

BL19B2 Engineering Science Research I (2001.11) 125       18         35         53         58         62         63         62         62         55         593          
Technical Journal                                                          1                 1                 1                 2                                                       2                 7                     

BL20B2 Medical and Imaging I (1999.9) 165       17         24         35         28         25         35         25         27         27         408          

BL20XU Medical and Imaging II (2001.9) 102       36         27         21         40         44         43         37         28         24         402          

BL25SU Soft X-ray Spectroscopy of Solid (1998.4) 261       21         25         22         24         31         20         19         25         19         467          
Technical Journal                                                          2                                                                                                                                   2                     

BL27SU Soft X-ray Photochemistry (1998.5) 258       24         31         18         41         35         25         36         27         21         516          

BL28B2 White Beam X-ray Diffraction (1999.9) 86         9           15         10         21         18         21         19         25         16         240          

BL35XU High Resolution Inelastic Scattering (2001.9) 66         9           12         8           14         13         16         15         15         14         182          

BL37XU Trace Element Analysis (2002.11) 74         22         23         13         32         28         35         28         28         22         305          
Technical Journal                                                                                                1                                                                                             1                     

BL38B1 Structural Biology III (2000.10) 281       48         48         60         59         48         65         60         36         27         732          

BL39XU Magnetic Materials (1997.10) 158       15         19         21         20         25         19         24         29         18         348          

BL40B2 Structural Biology II (1999.9) 292       44         42         43         70         54         55         59         53         54         766          
Technical Journal                                                                             1                                    1                                                                          2                     

BL40XU High Flux (2000.4) 78         11         13         18         37         21         31         41         30         27         307          

BL41XU Structural Biology I (1997.10) 524       66         66         53         65         55         60         67         54         40         1050        

BL43IR Infrared Materials Science (2000.4) 63         6           8           11         8           11         17         15         23         10         172          

BL46XU Engineering Science Research III (2000.11) 80         20         22         15         37         28         52         49         42         30         375          
Technical Journal                                                                                                                                      1                 1                                    2                     

BL47XU HXPES・MCT (1997.10) 200       27         31         17         36         36         30         29         33         27         466          
Technical Journal                                                                                                                                                         1                                    1                     

BL05XU RIKEN Diagnosis Beamline I (2017.4)                                                                                                                      1           1              

BL11XU QST Quantum Dynamics I (1999.3) 13                                                                                                                              13            

BL14B1 QST Quantum Dynamics II (1998.4) 41         3           2           1                        1                                                               48            

BL15XU WEBRAM (2002.9) 31         1           1           1                        1                                                               35            

BL17SU RIKEN Coherent Soft X-ray Spectroscopy (2005.9) 7           1           7           6           11         12         5           2           3           5           59            

BL19LXURIKEN SR Physics (2002.9) 5                                                               1           1           2           5           6           20            

BL22XU JAEA Actinide Science I (2004.9) 5                                                  1                                                                            6              

BL23SU JAEA Actinide Science II (1998.6) 44         2                        2           3           2                                                               53            

BL26B1 RIKEN Structural Genomics I (2009.4)                           3           8           2           9           6           14         15         19         76            

BL26B2 RIKEN Structural Genomics II (2009.4)              1                        5           3           5           7           10         8           9           48            
Technical Journal                                                                                                                                      1                                                       1                     

BL29XU RIKEN Coherent X-ray Optics (2002.9) 13                                                             1                                                  1           15            

BL32XU RIKEN Targeted Proteins (2010.10)                           5           5           8           9           16         8           13         14         78            

BL44B2 RIKEN Materials Science (1998.5) 14                                                                                       6           3           1           24            

BL45XU RIKEN Structural Biology I (1997.10) 76         8           9           6           7           9           13         20         10         5           163          

Subtotal 4913     701       807       740       999       973       1031     1076     988       847       13075      

BL03XU Advanced Softmaterials (2009.11)              1           5           8           24         21         14         17         20         9           119          
Technical Journal                                                          35               42               39               36               33               30                                  215                 

BL07LSU
The University-of-Tokyo Outstation Beamline for

Materials Science (2009.11)              1           5           6           10         13         12         19         18         15         99            
Technical Journal                                                                                                                   1                                                                          1                     

BL08B2 Hyogo Prefecture BM (2005.9)              1           1           3           7           9           5           5           9           1           41            
Technical Journal                                                          7                 1                 18               7                 4                 4                 1                 42                   

BL11XU QST Quantum Dynamics I 67         9           6           13         16         14         8           20         19         13         185          

BL12B2 NSRRC BM (2001.9) 103       28         13         25         22         21         28         29         28         19         316          

BL12XU NSRRC ID (2003.2) 31         15         10         14         11         16         19         17         24         13         170          

BL14B1 QST Quantum Dynamics II 93         18         16         11         10         15         19         17         23         20         242          

BL15XU WEBRAM (2001.4) 113       35         51         41         61         57         48         60         56         39         561          

BL16B2 Sunbeam BM (1999.9) 37         8           6           4           3           6           4           10         8           5           91            
Technical Journal 2                                                       18               15               14               8                 15               21               12               105                 

BL16XU Sunbeam ID (1999.9) 32         6           2           2           2           3           4           11         8           9           79            
Technical Journal                                                          20               19               14               14               21               18               12               118                 

BL22XU JAEA Actinide Science I 46         15         10         10         14         19         15         14         15         26         184          

BL23SU JAEA Actinide Science II 138       15         22         20         17         28         19         25         16         21         321          

BL24XU Hyogo Prefecture ID (1998.10) 126       5           6           7           8           5           4           5           5           6           177          
Technical Journal                                                          11               3                 10               3                 1                 4                                    32                   

BL28XU RISING II (2012.4)                                                     3           9           5           5           5           2           29            

BL31LEPLaser-Electron Photon II (2013.10)                                                                  1                        3           2                        6              

BL32B2 Pharmaceutical Industry (2002.9)-  (2012.3) 22         2           3                                                  1                                                  28            

BL33LEPLaser-Electron Photon (2000.10) 35         8           4           4           4           4           2           2           3           2           68            

BL33XU Toyota (2009.5)                           3           5           2           8           4           10         16         6           54            
Technical Journal                                       2                 5                 4                 5                 3                 4                 1                                    24                   

BL36XU Catalytic Reaction Dynamics for Fuel Cell (2013.1)                                                     1           7           6           7           12         13         46            

BL44XU Macromolecular Assemblies (2000.2) 174       21         49         59         59         50         64         52         58         36         622          

Subtotal 1017     188       212       232       274       306       281       328       345       255       3438        

BL17SU Coherent Soft X-ray Spectroscopy 51         12         10         14         3           8           5           8           5                        116          

BL19LXUSR Physics 70         7           9           11         12         13         9           5           6           1           143          

BL26B1 Structural Genomics I 136       15         7           8           7           4           5           4           4           1           191          

BL26B2 Structural Genomics II 51         19         18         19         13         4           3           7           10         2           146          

BL29XU Coherent X-ray Optics 140       16         8           16         15         9           10         14         9           8           245          

BL32XU Targeted Proteins                           2           9           8           8           7           13         4           2           53            

BL43LXUQuantum NanoDynamics                                                     1                        1           1                                     3              

BL44B2 Materials Science 192       9           13         11         14         14         17         16         11         3           300          

BL45XU Structural Biology I 173       8           9           9           11         9           13         13         8           2           255          

Subtotal 813       86         76         97         84         69         70         81         57         19         1452        

BL1 SXFEL (2016.3)                                                                                                                      7           7              

BL2/BL3 XFEL2/XFEL1 (2012.3)                                        1           13         28         37         46         40         29         194          

Hardware / Software R & D 411       39         37         56         67         12         33         43         52         30         780          

NET Sum Total 6117     885       961       928       1193     1095     1180     1259     1190     925       15733      
Technical Journal 2                                    2                 89               80               97               68               74               70               23               505                 

･Refereed journal articles: Refereed original papers, refereed proceedings and doctoral thesis, SPring-8/SACLA Research Report, Technical Journal

･Technical Journal: Public reports summarized by companies and approved by JASRI

･NET Sum Total: Actual volume of the registrations (including non-experimental works other than all the above)

･Articles consisting of multiple beamline results are counted by each beamline.

･This information is based on the data collected up to the end of March, 2018 on the Publications Database Search （http://user.spring8.or.jp/?p=748&lang=ja） and may be subject to

change.
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