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Preface 

 

We are delighted to deliver the SPring-8/SACLA Annual Report 

FY2019. Beginning in 1994, we published our first six annual 

reports in English. From 2000 to 2017, we changed the language 

to Japanese. In 2018, we returned to using English, making it 

easier to share information with our overseas colleagues. 

 

SPring-8’s first launched user operations in 1997. In the twenty-

two years since then, we have welcomed more than 260,000 users. 

This volume of users is by far the largest among Japan’s shared 

user facilities. Our users have included many researchers from 

industry as well as many more from academia.  

 

SPring-8 is one of the three earliest third-generation hard-X-ray synchrotron radiation facilities in the world. 

Its performance has long ranked among the best in the world. When SPring-8 was designed, its low-emittance 

storage ring with a DBA (Double-Bend Achromat) lattice was the most advanced and reliable technology. 

Two other facilities built around the same time, , European Synchrotron Radiation Facility (ESRF)  and 

Advanced Photon Source (APS), also used this technology. However, with the advent of new Multi-Bend-

Achromat (MBA) lattice technology, many facilities have developed upgrade plans to exploit the advantages 

this technology offers.  

 

MAX-IV in Sweden was the first facility to deploy MBA technology. ESRF soon followed, incorporating it 

in large-scale synchrotron radiation facilities and evolving into EBS (Extreme Bright Source). APS also 

received funds for an MBA lattice technology upgrade project. SPring-8, of course, has plans to include MBA 

lattice technology in the SPring-8-II upgrade initiative. We published the conceptual design report back in 

2014. However, SPring-8 is the sole third-generation facility in Japan. Since both industry and academia 

depend heavily on SPring-8, there has been a great deal of resistance to shutting down the facility for the 

one-year period that the upgrade will require.  

 

To address this problem, the Japanese community decided to build a new 3GeV MBA facility in Sendai under 

the leadership of the National Institutes for Quantum and Radiological Science and Technology (QST). The 

construction project commenced earlier in this fiscal year with technical help from RIKEN and JASRI. The 

SPring-8 accelerator team considers the QST facility a proof-of-concept for SPring-8-II. 

 

We decided to change the SPring-8 injector from the original linac-booster synchrotron system to a full-

energy injection configuration using the SACLA linac. This change will eliminate the need for one of our 



three high-voltage power receiving facilities. We expect to save a lot of money on maintenance for the aging 

facility. However, retiring the old system entails eliminating losing the injector system for the NewSUBARU 

facility. Therefore, we plan to build a new 1 GeV linac as a prototype of the new QST facility’s injector and , 

eventually, to serve as the injector for the NewSUBARU facility. 

 

Earlier in this current fiscal year, we launched a beamline renovation project. The renovation started with 

converting the RIKEN macromolecular crystallography beamline (BL45XU) to become a public beamline. 

In exchange, we converted one public beamline (BL38B1) to become a RIKEN beamline. The renovation of 

the remaining public and RIKEN beamlines will continue. We hope that the contract beamlines will undertake 

similar renovations.  

 

At the end of this fiscal year, we faced the COVID-19 pandemic. The impact in FY 2019 was not great 

because the overlap of pandemic restrictions with user operations was limited. However, as I write this 

preface, the impacts of the pandemic have become much greater. We sincerely hope everyone stays healthy! 

 

Tetsuya Ishikawa, Dr. Eng. 

Director, RIKEN SPring-8 Center 

 



Accelerator 

1. Accelerator

In FY2019, the system integration of the two 

accelerators, SPring-8 and SACLA, has continued 

toward the realization of the SPring-8-II upgrade. 

The first step is to achieve the SACLA injection, 

which will enable beam injections from the time-

shared SACLA linac to the current ring for SPring-

8 user operations. A beam test for the SACLA 

injection during regular user operations was 

scheduled for February 2020. Prior to the test, all 

the necessary systems, including the radiation 

safety interlock, were modified. The beam test was 

conducted as planned, but unfortunately had to be 

suspended due to electron gun cathode trouble. 

Although a stable operation without serious trouble 

was achieved, the test period was only 24 hours, 

which was too short. The next test, which must 

occur over a longer time period of two weeks or 

more, is scheduled for the beginning of FY2020 to 

confirm stable and reliable user operations with the 

SACLA injection. 

  One of the most critical issues to realize a 

practical SACLA injection is to constantly provide 

high-performance XFELs, which meet the user 

requirements that vary by the experiment and by the 

timeshared multi-beamline operations. During such 

operations, it is impossible to stop the linac 

operation for tuning the components in the tunnel 

and undulator hall, or to conduct destructive beam 

measurements. To establish a highly efficient beam 

tuning procedure that does not seriously disturb 

operations conducted in parallel, we investigated 

updates to the parameter optimization programs and 

the linac hardware systems, including magnet 

power supplies, beam monitors, and beam 

collimators. 

  Another important issue for accelerator system 

integration is to provide NewSUBARU with an 

injection beam of 1 GeV. This will enable the 

shutdown of the dedicated injector complex, 1-GeV 

linac, 8-GeV booster synchrotron, and ancillary 

facilities. To complete the new compact C-band 

linear acceleration system by the end of 2020, which 

will serve as a prototype of the 3-GeV SX (Soft X-

ray) SR source in the Aobayama campus of Tohoku 

University, high power RF equipment such as a 

klystron, modulator, and PFN charger was installed 

in the NewSUBARU Klystron Gallery building. 

  In parallel to the above activities, several 

developments and modifications were implemented 

to improve the current and future ring performance. 

An advanced correction scheme on the ID lookup 

table using an adaptive feedforward concept was 

developed to suppress the orbit variations caused by 

independent tuning of ID23 and ID25. The final 

beam test showed a sufficient performance to keep 

the variations less than several microns in rms. A 

safe and reliable beam abort scheme for a high-

density electron beam with a small emittance, which 

is critical for a next generation SR source, was also 

investigated, and the design of the beam abort 

scheme was completed. 

Hitoshi Tanaka*1 and Shunji Goto*2 

*1 RIKEN SPring-8 Center

*2 Light Source Division, JASRI
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Control System 

2. Control System 

 

1. Status 

In FY2019, we have started to control the SPring-8 

and the SACLA seamlessly [1]. The SACLA is used 

for SACLA user experiments and the injector for 

SPring-8 in parallel. We must control the beam 

energy and peak current on a bunch-by-bunch 

basis [2]. For this purpose, we designed and 

developed the control system with the reflective 

memory. 

Several components of the control system and 

network were replaced, including a beam position 

monitor, a screen monitor [3], a top-up interlock 

module to fit the beam injection from SACLA to 

SPring-8, and the safety interlock system for 

SACLA. The functions of the emergency stop 

button on the SACLA accelerator safety interlock 

system were changed so that the SACLA and 

SPring-8 accelerator safety interlocks work in the 

same way. 

We renewed the server computers for the beamline 

control system with blade-type computers as the 

virtual host service to provide more than 40 

beamline workstations. A new type of in-vacuum 

undulator (ID10) is controlled with next-generation 

system where the pulse motor controller for the gap 

between magnets is controlled via the EtherCAT 

protocol [4]. 

 

2. Development of the framework for the 

accelerator control system 

The new control system is working well, but several 

parts need further modification: 

∙ Bunch-by-bunch beam control in SACLA 

∙ Management of the signal registration of the 

parameter database 

∙ Integration of one- and two-dimensional data 

with the MDAQ data acquisition scheme 

For bunch-by-bunch beam control, a system with 

the reflective memory is under development. A 

master controller stores all patterns of the required 

parameters for the low-level RF controllers. Each 

pattern consists of 60 rows, which correspond to 

the parameters for 1 sec with a beam reputation 

rate of 60 Hz. A pattern can be selected every 

second on demand. The system will be introduced 

to the bunching section such as the gun, beam 

deflector, prebuncher, booster, L-band correction, 

L-band, C-band correction, S-band, and 12 units of 

the C-band. It will be installed in the kicker magnet 

power supply. 

 

 

Fig. 1. Schematic of bunch-by-bunch 

parameter control 

 

Figure 1 overviews this system. The master sends 

the past, present, and future beam parameters to 

the RF system. Regarding the data acquisition 

timing of the pulsed machine linac, the digitizer 

must convert the data after the trigger. This means 

that the data obtained just after the trigger is related 

to the previous shot. Because the settling time is 

needed for the parameter setting of the RF system, 

we must set the data prior to the target bunch. 
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Control System 

Consequently, the RF system must receive past, 

present, and future parameters to operate the 

bunch-by-bunch control. 

We developed a web interface to manage the 

signal registration of the parameter database. One 

function is to manage the signal registration 

workflow. The signal registration involves several 

steps: 

1. User upload of SVOC files 

2. Execution of SVOC syntax check for the 

uploaded files 

3. Registration of the signal to the test DB 

4. Registration of the signal to the operational DB 

When the parameter is registered, a rollback 

procedure is also created.  

 

 

Fig. 2. Schematic of the signal registration for the 

parameter database. 

 

 For data acquisition, 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 

In FY2018, point data were acquired to the online 

DB with the MDAQ scheme. However, the 

waveform (one-dimensional data) and a screen 

image (two-dimensional data) were handled with 

separates systems. In FY2019, one system was 

developed to manage one- and two-dimensional 

data with the MDAQ scheme. This system manages 

large data stored in the file server, and an attribute 

of the file is stored in the online DB. Hence, all 

types of data can be accessed seamlessly.   

 

3. Beamline interlock system 

The BL05XU beamline system was upgraded, and 

the beamline interlock system was modified to 

accommodate the change. To improve the 

convenience of beamline users, we added a new 

user-specific operation screen to the touch panel for 

several beamlines. This screen makes it easier for 

users to recognize the beamline equipment status. 

 

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. Sugimoto et al., Proceedings of ICALEPCS 

2019, WECPL01, New York, City USA, 2019. 
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[3] A. Kiyomichi et al., Proceedings of ICALEPCS 

2019, THAPP03, New York, City USA, 2019. 

[4] M. Ishii et al., Proceedings of ICALEPCS 2019, 

WEPHA068, New York, City USA, 2019. 
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Operation Status 

3. Operation Status 

 

1. SPring-8 

Figure 1 highlights the operation statistics for the 

last five fiscal years. In FY2019, the total operation 

time for the storage ring was 5,271 hours, and 

86.1% (4,538 hours) was allocated for user 

experiments. The user availability of 99.0% and the 

mean-time-between-failures (MTBF) of 206.3 

hours were both close to the past five-year average. 

The total downtime was 40.5 hours, and almost 42% 

of that (16.9 hours) was related to natural disasters 

such as instantaneous voltage drops of the facility 

power supply due to lightning strikes and 

earthquakes. The remaining 58% was due to 

accelerator machine failures such as high-power RF 

system troubles and sudden drops in the magnet 

power supplies. Cooling water supply failures were 

also observed in the magnet and vacuum systems. 

The flow rate of the water supply system slowly 

dropped, and the interlock occasionally forced the 

system to stop.  

  We are investigating the reason and plan to 

replace some devices such as the water pumps. The 

accelerator has been operational for more than 20 

years. Unfortunately, signs of aging accelerator 

components have been extensively observed. Thus, 

devising maintenance strategies based on thorough 

investigations of potential problems is becoming 

increasingly important until the major machine 

upgrade, SPring-8-II.  

  A highlight of FY2019 was our newly developed 

beam orbit correction using the adaptive 

feedforward control (AFC). For years, periodic 

orbit fluctuations have been observed due to twin-

helical undulators in BL23 and BL25. The two 

beamlines are equipped with optical helicity 

switching, which is excited by the local orbit bump 

of electrons in the corresponding straight section. 

We suppose the orbit fluctuations to be cancelled 

out by the feedforward correction control. 

Nevertheless, the amount of orbit fluctuation slowly 

became consequential in user operations due to the 

gradual deterioration of the feedforward correction. 

Therefore, we developed the AFC to repeatedly 

correct the feedforward table every few minutes. 

Our test operation confirmed that the new control 

system adequately suppresses the orbit fluctuation 

(Fig. 2). We plan to apply this new system to user 

operations in FY2020.  

  A little over two years ago, user operations began 

using the 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. To 

 

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

five years. 

FY2015 FY2016 FY2017 FY2018 FY2019

Acc. Operation Time 4817.9 4951.7 5281.6 5329.8 5285.7

SR Operation Time 4804.8 4941.1 5270.4 5316.7 5271.2

Tuning&Study (Acc.&BL) 767.2 803.1 769.6 721.8 701.7

Refill 5.3 3.4 4.6 5.3 5.6

Down Time 16.8 23.1 28.7 43.1 40.5

Mean Time between Failures 202.8 229.2 194.7 168.9 206.3

Achieved User Time 4033.9 4125.5 4478.7 4559.6 4537.9

Planning User Time 4056.0 4152.0 4512.0 4608.0 4584.0

Availability (%) 99.5 99.4 99.3 98.9 99.0
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Operation Status 

verify the reliability of these magnets in practical 

operations, we replaced one of the dipole 

electromagnets in the beam transport from the 

booster synchrotron to the storage ring with a 

permanent dipole magnet at the end of FY2017. 

Since then, not only have user operations occurred 

without any problems, but stable light has been 

provided to users without any measurable 

degradation of the magnet. 

  In addition to the permanent dipole magnets, we 

have developed state-of-the-art accelerator 

components looking toward the future. New beam 

position monitors (BPMs) based on a modern 

standard MTCA.4 were installed in the storage ring 

for testing. These BPMs are currently being used for 

the feedforward orbit correction at BL23 and BL25. 

A new digital low-level RF (LLRF) system, which 

replaced the old NIM-based analog system, has 

been providing reliable and flexible LLRF 

operations. Other new components, which are key 

to SPring-8-II, are also extensively being developed. 

 

2. SACLA 

Three beamlines, BL1–BL3, have been installed in 

the Undulator Hall of SACLA. BL1 is a soft X-ray 

FEL beamline, which is driven by an 800 MeV 

dedicated linear accelerator. It covers a photon 

energy range of 20–150 eV. BL2 and BL3 are hard 

X-ray FEL beamlines with a photon energy range of 

4–20 keV and are driven by the 8 GeV SACLA 

linear accelerator. BL2 and BL3 are switched pulse-

by-pulse using a 60 Hz kicker magnet, which 

enables XFEL multi-beamline operations.  

 

2-1. Beam injection to the SPring-8 storage ring 

Since October 2018, electron beam injection to the 

SPring-8 storage ring has been tested. In FY2019, 

two C-band RF units (four accelerator structures) 

were added to the SACLA linear accelerator to 

increase the maximum beam energy by 250 MeV. 

This addition helps realize a stable beam injection 

at 8 GeV by keeping two or three spare RF units. 

  For the beam injection, the electron bunch is 

directed to XSBT (XFEL to Synchrotron Beam 

Transport) at the end of the SACLA linear 

accelerator (Fig. 3). The bunch charge is about 200 

pC. To fill the empty storage ring (0 mA stored 

current) to 100 mA current takes about 10 minutes 

with a beam injection of 10 Hz. Then top-up 

injection maintains the 100 mA stored current.  

 

 

Fig. 3. Beam transport for injection (XSBT and 

SSBT). 

  

  The destination of the electron beam of SACLA 

is controlled by a table, which lists the beam 

destinations for the next one second. The future 

beam destinations are transmitted to all RF units and 

a kicker magnet through reflective memory. Then 

Fig. 2. Horizontal orbit fluctuation due to the 

helicity switching at ID23. 
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they operate with the preset parameters for each 

destination [1,2]. When the beam injection is 

requested from the storage ring, the table is replaced 

by the one containing XSBT as a destination for the 

beam injection. 

  In FY2019, all the necessary control and timing 

systems were developed and tested. Figure 4 shows 

the storage ring current during the beam injection 

and top-up operations. An injection efficiency of 

95–100% was confirmed. Although the XFEL 

operation is halted during 10 Hz injection, the top-

up injection can be performed in parallel with an 

XFEL operation. 

 

 

Fig. 4. Top-up beam injection from SACLA. 

 

  The first beam injection for three weeks was 

initially scheduled during SPring-8 user operation 

in February 2020, but was postponed to FY2020 

due to electron gun cathode trouble as its lifetime 

was shorter than expected.  

 

2-2. Automatic optimization of SACLA 

To improve the efficiency of accelerator tuning, 

automatic XFEL optimization tools were introduced. 

In FY2019, software using a Gaussian process 

regression was developed. It is now used by 

operators for daily XFEL tuning (Fig. 5). However, 

we continue to develop more advanced and 

intelligent methods based on machine learning such 

as DQN. 

 

Fig. 5. SACLA accelerator parameter tuning by a 

Gaussian process regression. 

 

2-3. BL1 undulator demagnetization 

The laser output of SACLA BL1 gradually 

decreased in FY2019. During the winter shutdown 

period, the magnetic field of the first undulator 

segment was remeasured, and demagnetization was 

found for the whole undulator over 5 m (Fig. 6). As 

an immediate measure, we decided to move the 

undulator horizontally by 5 mm to avoid the 

demagnetized area. Additionally, we developed 

plans to install a vertical collimator in front of the 

undulator section. 

 

Fig. 6. Demagnetization observed for the first 

undulator segment of BL1. 

 

  Although the laser output power was partially 

recovered by the horizontal shift of the undulator 

-2000 -1000 0 1000 2000

-10

-8

-6

-4

-2

0

 

 

P
e

a
k
 F

ie
ld

 D
if
fe

re
n

c
e

 (
%

)

z (mm)

Gap (mm)

 5

 4

 3.5

 3

10 Hz 

6



 

Operation Status 

magnets, the undulators will need to be replaced in 

the near future. Since the undulator length of 5 m is 

too long for the 800 MeV electron beam and the 

transverse electron beam envelope does not match 

the undulator natural focusing, which led to the 

demagnetization, the length of the new undulator 

segments will be shortened to 1.5–2 m. 

 

Takahiro Watanabe*1, Shiro Takano*1, and Toru 

Hara*2 

*1 Light Source Division, JASRI 

*2 RIKEN SPring-8 Center 
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4. Beamlines 

 

This report describes the FY2019 activities of the 

light source and optics of the beamlines. It includes 

the insertion device, front-end, optics and transport 

channel, and 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. 

 

1. Insertion device and front-end 

1-1. Insertion device 

(1) Maintenance 

Over the past few years, insertion devices, which 

were installed in the storage ring more than 20 years 

ago, have suffered from a number of hardware 

issues. Affected equipment includes the power 

supplies to drive the steering magnet and correct the 

electron beam orbit during the gap motion, chillers 

to stabilize the temperature of the permanent 

magnets in in-vacuum undulators, rotary encoders 

to measure the magnet gap, and vacuum gauges to 

monitor the pressure inside the vacuum chamber. In 

most cases, replacement with spare parts quickly 

restored operations after a few hours of downtime.   

  Besides the issues mentioned above, BL25SU 

encountered a serious hardware failure of a pair of 

helical undulators, which have been in operation 

since 1997. During the regular maintenance period, 

a failure was found in one of the gap-driving 

systems of the upstream undulator. A plastic cover 

of the linear guide was broken, probably due to 

long-term radiation damage, and the bearings inside 

the guiding block were ejected. To avoid further 

mechanical damage, we decided to terminate the 

operation of the upstream undulator until the 

damaged parts have been replaced with new ones. 

Because the downstream undulator may have 

similar problems, all the linear guides for the gap 

motion will be replaced with new ones. The repair 

work will begin in summer 2020 and will be 

completed by the end of FY 2020. During this repair 

only one of the two undulators will be available for 

user operations. 

(2) R&D toward shorter undulator periods 

One R&D activity has proposed and experimentally 

demonstrated a new concept, which utilizes 

monocrystalline dysprosium (Dy) as a material for 

pole pieces in cryogenic undulators to shorten the 

undulator periods. This concept is based on the high 

saturated magnetic flux density of Dy (3.5 T at 4.2 

K). It is about 50% higher than vanadium 

permendur (VP), which is a conventional material 

for undulator pole pieces.  

  To demonstrate its performance, we built an 8-

mm-period undulator sample consisting of 10 poles. 

Half of the poles were made of VP, and the other 

half were made of Dy. The sample was then 

installed in a vacuum chamber and mounted on a 

copper support, which was connected to a Gifford- 

McMahon refrigerator. This setup can cool the 

sample to around 50 K. The chamber was also 

equipped with a two-axis linear stage for actuating 

a magnetic sensor, which can measure the magnetic 

distribution. Figure 1 shows the measured magnetic 

distribution at a temperature of 53 K, where the 

Arabic and Roman numbers indicate the positions 

of VP and Dy poles, respectively. The peak fields of 

Dy poles were approximately 20% higher than 

those of VP poles, indicating the potential of Dy as 

a pole-piece material for cryogenic undulators. 
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Fig. 1. Experimental demonstration of 

monocrystalline Dy as a pole-piece 

material for cryogenic undulators. 

 

1-2. Front-end 

(1) High-heat-load handling techniques 

As part of an investigation of the thermal limitation 

of GlidCop made by a new manufacturing process, 

repeated irradiation tests with an electron beam 

irradiation system showed that the material failed at 

a much earlier stage than the predicted one based on 

the conventional Manson-Coffin equation. GlidCop 

made by the previous process followed the Manson-

Coffin equation. To explore the origin of this 

fracture mode, the fatigue initiation point was 

examined using load-controlled fatigue tests and 

subsequent observations of the fracture surface. We 

noticed that fatigue crack propagation of GlidCop 

made by the new process must be evaluated using 

the stress intensity factor assuming that cracks and 

defects are present in the material. 

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

Research to minimize the impact of changing the 

filling pattern on the XBPM output value continued 

in FY2019. Widening the insertion-device gaps at 

the fixed-point observation and increasing the 

applied voltage to the charge collecting electrodes 

reduced the deviation of XBPM readouts to less 

than a few m RMS. However, further 

improvements require structural modifications to 

mitigate the space charge effect, which influences 

the change in the filling pattern. Therefore, we 

designed and fabricated a new inclined XBPM with 

the blade detector and an inclination of 1/60 of the 

photon beam axis direction. The new XBPM 

reduced the effect of changing the filling pattern to 

less than 1–2 m. 

(3) New beam profile monitoring system for X-

ray beam exiting from the front-end 

To develop a direct measurement method of the 

photon beam axis exiting from the front-end, a 

system to visualize the scattered X-rays from a 

chemical-vapor-deposition diamond thin film was 

installed at BL13XU [1]. Using a CCD camera with 

an energy resolution (PI-LCX LN, Princeton 

Instruments) as a detector, the fundamental 

radiation, which depends on the undulator gap, was 

selectively measured. Based on this result, we 

designed a dedicated chamber with an ideal detector 

arrangement to minimize the energy shifts of 

Compton scattering and elastic scattering. The 

chamber was installed at BL05XU. Similar to the 

case of BL13XU, the CCD camera can successfully 

visualize the photon beam axis. 

 

2. Optics and transport channel 

(1) Improvements in the stability of beam 

intensity and position (BL10XU) 

BL10XU had two kinds of beam instabilities. The 

beam intensity fluctuated roughly with a daily 

periodicity. Each morning the beamline optical 

elements were adjusted, but the Bragg rotation 

angle of the first crystal (Δθ1) in the double-crystal 

monochromator (DCM) shifted and by the night, the 

9



 

Beamlines 

beam intensity lessened. However, the angle 

returned to the initial position the next morning. 

This shift was attributed to heat generation of the 

Δθ1 motor. The Δθ1 scan program prepared for 

users had the opposite backlash to the beamline 

control software. The double operation of the 

backlashes lengthened the driving time of the motor 

to approximately one hour. Consequently, the motor 

generated excessive heat. The heat was gradually 

translated into the stage components, which 

generated the instability. The periodicity was 

attributed to the daily routine of the adjustment. In 

addition to correcting the backlash setting, the Δθ1 

scan with a piezo-electric element was introduced. 

  The second instability was the beam position 

oscillated on an annual basis. It was first noted in 

June 2016, which coincided with a change in the 

feedback parameters of the storage ring operation. 

In 2019B, the original parameters were restored, 

and the oscillation has not been observed since. The 

cause was most likely seasonal changes in 

temperature. The light source section of this 

beamline is susceptible to the atmospheric 

temperature because the section is above the 

accessway to the inside of the storage ring. The 

feedback parameters set in June 2016 were assumed 

to be too sensitive. 

(2) Study of the beam instability (BL35XU) 

Frequently, the x-ray intensity at the sample 

position suddenly decreased at BL35XU, although 

none of the beamline equipment was moved. 

Monitoring the temperatures along the beam path 

revealed that the temperature of the first crystal 

holder in the DCM suddenly rose by 0.4 K, 

maintained this higher temperature for several hours, 

and then returned to the original temperature. 

During these temperature changes, the liquid 

nitrogen for crystal cooling stably flowed with a 

constant temperature, flow rate, and pressure. If the 

rising originated from the increase in the heat load, 

the additional power would be estimated to be 27 W. 

However, the XBPM data suggested that the 

incident beam position and intensity were unrelated 

to the instability. Hence, further investigation in 

FY2020 is necessary.   

(3) Adjustment of the optical axis (BL40B2) 

At BL40B2, the incident white beam from 

the storage ring was emitted downward with 

an angle of 0.1 mrad. The beam deviated by 

3 mm from the center of the incident slit (TC slit 

1), placed at 30 m from the light source. Since 

the beam was not led to the experimental 

hutch at 60 m in the usual operation of 

optical elements, the BL staff raised the 

beam position by 6 mm by enlarging the 

crystal gap in the DCM. Accordingly, the 

optical elements after the DCM were 

adjusted to the off-position and slanted beam. 

To rectify this, in March 2020, the beam 

angle was corrected by changing the 

trajectory of the storage ring, and all the 

optical elements were realigned. 

(4) Development of new liquid-nitrogen  

circulators for high heat load optics 

Figure 2 shows prototypes of liquid-nitrogen 

circulators, which were fabricated and tested for 

cryogenic cooling of monochromator crystals as 

part of the SPring-8 upgrades. The new system was 

designed to not only manage a high heat load with 

low power consumption but also realize easy 

operations.  
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Fig. 2. New liquid-nitrogen circulators for high heat 

load optics. 

 

  In this design, the liquid-nitrogen coolant for the 

monochromator is confined in the closed loop that 

is comprised of a reservoir tank, a pump, a heat 

exchanger, and transport pipes. The reservoir tank 

has an electric heater to control the base pressure. 

The heated coolant is cooled in a coiled pipe 

immersed in a liquid-nitrogen bath. The liquid 

nitrogen in the bath is supplied externally and 

emitted as a gas. We experimentally demonstrated 

that a cooling power of 700 W could be managed 

stably, and are continuing studies to realize fully 

automated operations. 

(5) New focusing mirror for soft X-ray micro-

ARPES (BL25SU) 

A monolithic Wolter type-I mirror was designed to 

provide a blight and stable sub-micron probe for 

soft X-ray micro angle-resolved photoemission 

spectroscopy (ARPES). The focusing mirror has 

ellipsoid and hyperboloid surfaces fabricated on a 

substrate. Due to the small comatic aberration and 

the single optical element, the system has a large 

tolerance for focus alignment. This Wolter mirror is 

designed to have large acceptance, achromatism, 

long working distance, high demagnification, and 

small comatic aberration. The mirror is suitable for 

ARPES experiments. 

  The new focusing system using the monolithic 

Wolter mirror was installed in an ARPES apparatus 

at BL25SU (Fig. 3). For typical conditions in 

APRES applications, the focusing sizes at the 

sample position are 0.4 µm in the vertical direction 

and 4 µm in the horizontal direction (Fig. 4). In 

FY2019, it was confirmed that it has a high 

tolerance to the alignment error due to the small 

comatic aberration. 

 

 

Fig. 3. Soft X-ray micro-ARPES apparatus and 

installed monolithic Wolter mirror at 

BL25SU. 

 

 

 

Fig. 4. Intensity profile (black line) and 

differentiation (red circles) measured using a 

knife-edge scanner in the vertical direction 

(left) and horizontal direction (right) at 750 

eV. 
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(6) Removal of the front-end Be window to 

improve X-ray beam image (BL29XU) 

The recent improvement in the stabilization of a 

cryogenically cooled monochromator revealed 

beam image degradation. Horizontal fringes were 

observed at experimental hutch 1 (EH1) (Fig. 5, 

left). The degradation was caused by the front-end 

(FE) Be windows. Although the Be of IF-1 grade 

was mirror-polished, a lot-to-lot uniformity was 

observed. The FE Be windows were removed to 

improve the beam image. To protect the ultrahigh 

vacuum of FE from vacuum failure of TC, all of the 

turbomolecular pumps in the optics hutch of 

BL29XU were replaced by ion pumps. Additionally, 

the fast-closing valve and differential pumping 

system were substituted for FE Be windows. 

Figure 5 shows beam images observed at EH1 

before and after removal of the Be windows. The 

removal of the Be windows reduced the unevenness 

of the beam intensity observed as a horizontal stripe 

pattern. 

 

Fig. 5. Beam image measured with FE Be windows 

(left) and windowless (right) after DCM of 

BL29XU. 

 

3. Radiation shielding for SPring-8 beamline 

(1) Radiation shielding hutches 

(1) -1 The barrier-free doors 

To reduce the damage to experimental equipment 

while moving it in and out of the hutches, the 

automatic doors of the experimental hutches were 

replaced with barrier-free doors at BL19LXU. 

(1) -2 A new type cable duct 

A cable duct cover that can be opened and closed 

without hand tools and has a new locking 

mechanism to prevent erroneous operation is 

installed on an experimental hutch. 

(2) Radiation-shielding calculations for the 

applications to the authority 

The 46th change permission application contained 

radiation-dose calculations for the upper power 

revision, change of the movable gamma stopper to 

the synchrotron-radiation beamline shutter, 

structural changes of the synchrotron-radiation 

beamline shutter, and the penetration part in the 

ratchet of BL05XU. 

(3) Radiation leakage inspection at beamlines  

The following beamlines were inspected: BL45XU 

(upper power revision), BL04B1 (exchange of 

MBS), BL03XU (movement of DSS), BL13XU, 

BL29XU, BL 37XU, and BL 41XU (reinstallation 

of the local shield), BL05XU (46th change 

permission), BL19LXU (barrier-free door), and 

BL28XU (movement of beam pipe). 

(4) Radiation measurements and method 

development  

The HD-V2 and EBT3 GafChromic films were 

irradiated with 60Co gamma rays to calibrate and 

update the dose conversion factors from the optical 

density in the GafChromic film-reading equipment. 

To investigate the radiation tolerance of LED light, 

GafChromic films were used for the dose 

measurement. 

 

4. Beamlines of SACLA 

4-1. XFEL beamlines 

In FY2019, an important milestone for the upgrade 
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of SPring-8 was achieved. The two XFEL 

beamlines (BL2 and BL3) were operated in parallel 

to produce hard X-ray pulses in the range of 4–20 

keV [2]. The main linac of SACLA drives the two 

beamlines by switching the electron-beam route in 

a pulse-by-pulse manner. The switching operation 

was further developed for beam injection into the 

storage ring of SPring-8. This new injection scheme 

was applied to simultaneous user operations of 

SACLA and SPring-8.  

  The X-ray transport channels and experimental 

hutches (EHs) were also upgraded. A new beam 

shutter (DSS2) was installed to BL3 at the 

downstream end of EH1 (Fig. 6). This shutter can 

operate independently from the existing shutter 

(DSS1), which is located in the optics hutch (OH2). 

DSS2 enables continuous monitoring of XFEL 

pulses using the photon diagnostic systems at EH1. 

The presence of two diagnostic systems is 

especially important to keep the XFEL beam in a 

stable condition. One serves as an arrival timing 

monitor, which measures time intervals between 

pulses of XFEL and the synchronized optical 

laser [3]. The other is a single-shot spectrometer to 

measure the spectrum of each XFEL pulse [4]. Due 

to DSS2, these two monitors can work continuously 

during user experiments even while users or staff 

are working in the downstream hutches. Continuous 

monitoring is important to perform experiments 

efficiently in a stable XFEL beam condition. 

 

Fig. 6. XFEL diagnostic systems and DSS2 in EH1 

of SACLA BL3. 

 

4-2. Soft X-ray FEL beamline 

The soft X-ray (SX) FEL beamline (BL1) is driven 

by a dedicated 800-MeV linac (SCSS+) to produce 

SX pulses with photon energies between 40 eV and 

150 eV, and a pulse width of ~30 fs [5, 6]. However, 

the magnets of the undulator degraded because the 

length of each undulator unit (5 m) was too long for 

the 800-MeV electron beam. In FY2020, the 

undulator line will be laterally shifted by 5 mm to 

mitigate the effect of the magnet degradation.  

  New experimental instruments were developed 

under the SACLA Basic Development Program and 

the SACLA Research Support Program for 

Graduate Students (e.g., ellipsometer for magneto-

optical Kerr effect measurement [7,8] and sub-

micrometer focusing optics for SX-FEL [9]). These 

instruments were used to visualize the magnetic 

structures of samples with a resolution of 7 μm [10]. 

For more advanced focusing systems with two-

stage optics, a branch line was built in the section of 

the SX transport channel (Fig. 7). 
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Fig. 7. Branched beamline for two-stage focusing 

of SX-FEL at SACLA BL1. 
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Title 

5-1. Public Beamlines 

 

BL01B1 

XAFS 

 

1. Introduction 

BL01B1 is a public beamline dedicated to X-ray 

Absorption Fine Structure (XAFS) measurements 

using X-rays over a wide energy range between 3.8 

keV and 113 keV. It is used for various applications 

in materials science and chemistry. In FY2019, 

BL01B1 beamline and its experimental station 

operated stably for user research. The latest 

beamline information is available on the website at 

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

mances of the XAFS spectrometer and other 

equipment as well as the appropriate user manuals. 

This report describes the improvements at BL01B1 

in FY2019. 

  

2. New current amplifier with an external low-

pass filter 

The current amplifier is indispensable in XAFS 

measurements. Replacing it with a new one that has 

a higher specification is crucial because the 

manufacturer discontinued the current model. 

Based on a test use performed last year, current 

amplifier CA5350 (NF Corporation) was chosen as 

a replacement candidate. However, when CA5350 

was used in several bunch modes of the storage-ring, 

it became saturated, depending on the filling pattern, 

because it has a wide bandwidth of 500 kHz. This     

wide bandwidth causes nonlinearity of the beam 

intensity measurements. Unfortunately, the filter 

equipped as a default function of CA5350 cannot 

eliminate it because it only smooths the signal at the 

output stage. Thus, an external filter was developed 

to smooth the signal structure at the input stage. The 

optimum filter configuration was examined via a 

SPICE simulation for a circuit, which included the 

input stage of the publicly available high-speed 

Fig. 1. Circuitry diagram of the L-type LPF. 

 

 

(a) 

(b) 

Fig. 2. Waveforms of the I0 signal (a) without 

and (b) with filter. 
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Title 
current amplifier of NF Corporation. The L-type 

LPF filter is suitable to resolve the saturation issue 

(Fig. 1).  

  Figure 2 show the impacts of the filter on the 

waveform of the output of the I0 ion chamber in the 

D-mode several bunch operation at BL01B1 viewed 

with CA5350. In the D-mode operation, the signal 

of the ionization chamber contains a large AC 

component because the full-fill part and the isolated 

bunch part are arranged asymmetrically. Without 

the filter, the structure with an amplitude of about 1 

V from the frequency of 208 kHz is visible due to 

the asymmetric filling (Fig. 2(a)). However, after 

passing through the filter, the structure at 208 kHz 

almost disappears (Fig. 2(b)). 

  The filter was used for XAFS measurement with 

the CA5350 under the storage ring operation in D-

mode. Figure 3 show Cu K-edge QXAFS spectrum 

of the Cu foil (blue line) and I0 spectrum (red line) 

measured (a) without and (b) with a filter. It can be 

seen that the discontinuity appears in the middle of 

the spectrum measurement without the filter 

(Fig.3(a)). It was caused by the saturation of I0. On 

the contrary, smooth spectrum was obtained with 

the filter (Fig.3(b)). 

 

3. Simultaneous measurements of XAFS and 

XRD 

To meet user demand, we developed a system to 

perform XAFS and XRD measurements 

simultaneously under an in situ condition in 

FY2014. This simultaneous measurement system 

provides information about crystal structures, 

electronic states, and local structures of materials 

under the same conditions. Combining these data 

provides precise information about the chemical 

and structural changes in materials during chemical 

reactions and synthetic processes. This 

simultaneous measurement system also improves 

the measurement reliability about the sample 

position, sample sameness, and measurement 

conditions. Until FY2017, the XAFS and XRD 

simultaneous measurement metal cell was 

developed and improved [1-3]. Temperature and gas 

ambient controls were realized for the test 

measurements. The achieving temperature in this 

measurement was 923 K, and the temperature was 

unstable in the high-temperature region (873–923 

K). However, the target temperature (1073 K) was 

not achieved.  

  To reach the target temperature and realize stable 

temperature control, a new cell was developed, 
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Fig. 3. Cu K-edge QXAFS spectrum of the Cu foil 

(blue line) and I0 spectrum (red line) 

measured (a) without and (b) with a filter. 
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where the body was made of quartz. Figure 4 shows 

the simultaneous measurement system of (a) the 

previous metal cell and (b) the new quartz cell. The 

heating system is limited to around the sample, and 

the sample is covered in a tube furnace. The tube 

furnace maintains a stable sample temperature and 

can easily reach a temperature up to 1123 K (Fig. 5). 

The overshoot to set the temperature is within 10 K 

when the heating rate is 10 K/min. The sample 

holder for placing the sample in the new cell is 

similar to that for the in situ cell at BL01B1. The 

water flow system cools the incident window and 

exit window. When the sample temperature is 

around 1073 K, the surface temperatures of the 

windows are below 353 K. The gas flow and water 

cooling systems of the new quartz cell are similar to 

the in situ cell existing at BL01B1. Hence, these 

systems can be easily applied to the new cell. 

Because the height of the cell was designed with 

respect to the incident X-rays, the sample position 

can easily be located. The sequence of XAFS and 

XRD simultaneous measurements is not changed. 

The details are described elsewhere [2]. In FY2020, 

the new cell will be available for public use. Users’ 

feedback will be used to improve the new cell. 
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Fig. 4. XAFS-XRD simultaneous measurement 

system: (a) previous metal cell and (b) 

new quartz cell. 

 

Fig. 5. Temperature correction curve for the new 

quartz cell. 
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BL02B1 

Single Crystal Structure Analysis 

 

1. Introduction 

BL02B1 is designed for single-crystal structure 

analyses and is equipped with a two-dimensional 

hybrid pixel detector, PILATUS3 X CdTe 1M 

(Dectris). 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 the PILATUS3 X CdTe 1M detector.  

  The 2-D detector with CdTe modules is very 

useful because of their high efficiency in detecting 

high energy X-rays. To use high-energy X-rays, 

crystal structure analysis can be performed for 

inorganic materials with heavy atoms. Because the 

PILATUS3 X CdTe 1M provides statistically 

accurate data owing to the wide dynamic range, it is 

used for precise structure analyses, especially in 

charge density studies. 

 

2. Development of centering system for single-

crystal structure analysis of small molecule 

In FY2019, we have started to develop a fully 

automated measurement project for single-crystal 

structure analysis of small molecule. The aim of this 

project is to simply load the mounted sample into 

the sample magazine and start the measurement and 

obtain the data needed for single crystal structure 

analysis. One of the most challenging elemental 

techniques in this project is the centering of the 

samples. Currently, sample centering is done by a 

person who understands the equipment, and the 

accuracy is dependent on the person. Thus, it is 

necessary to manually center the crystals of each 

sample for accurate measurements. Therefore, the 

data quality depends on the experience of the single-

crystal diffraction experiments. Here, we are 

preparing to introduce a fully automated 

measurement system for high-throughput single-

crystal structure analysis.  

  As a first phase of this development, a motorized 

goniometer with three-dimensional adjustment of 

XYZ directions was installed, which allowed us to 

adjust the sample positions remotely from outside 

the experimental hutch. We developed a graphical 

user interface (GUI) for intuitive and interactive 

sample alignment by Python. In this software, non-

experienced users can intuitively control a single 

crystal sample to move to a center position of 

Fig. 1. The picture of graphical user interface of 

a centering program developed by 

Python. 
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goniometer by clicking on the crystal positions 

displayed on the screens, as shown in Figure 1. 

  In the second phase, toward the goal of full 

automation, we have developed an automatic 

centering program for the mounted single crystal. At 

the first procedure, it is necessary to automatically 

recognize the mounted single crystal by the 

software. The current status is not perfect; however, 

the vicinity of the sample can be automatically 

recognized and moved to the center position of the 

goniometer by the developing software. In order to 

improve accuracy, we plan to develop a program 

that recognizes the diffraction pattern and 

automatically adjusts the sample position precisely 

to obtain high-intensity diffraction.  

  In summary, in this project, we are planning to 

fully automate the whole of single-crystal X-ray 

diffraction measurements by combining centering 

system with an automatic exchange robot for single-

crystal samples. 

 

Kunihisa Sugimoto, Nobuhiro Yasuda, and Yuiga 

Nakamura 

Diffraction and Scattering Group I, Diffraction and 

Scattering Division, JASRI 
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BL02B2 

Powder Diffraction 

 

1. Introduction 

BL02B2 is a bending-magnet beamline dedicated to 

high-resolution X-ray powder diffraction 

measurements of crystalline powder materials. 

Powder diffraction experiments 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. This beamline provides monochromatic 

X-rays with an energy of 12–37 keV (ΔE/E is 

approximately 2 × 10−4), and two types of 

experiments are conducted: (i) high-throughput 

powder diffraction experiments using a sample 

changer and one-dimensional (1D) six microstrip 

MYTHEN detectors[1] 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 30–1100 

K.  

  For in situ powder diffraction experiments under 

other external conditions, an additional apparatus 

must be installed to the powder diffractometer. A 

furnace and cryostat are available for high-

temperature (up to 1473 K) and low-temperature 

(down to 5 K) conditions. The recently developed 

remote gas handling system is available to control 

the gas and vapor pressure inside a capillary [2]. 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. However, the lack of an online 

two-dimensional (2D) detector has limited 

preliminary measurements for user experiments and 

in situ experiments. 

 

2. Development of a measurement system using 

1D microstrip and 2D flat-panel detectors  

In FY2019, a 2D flat-panel detector XRD3025 

(FPD) was installed to improve the performance of 

in situ powder diffraction measurements with high-

energy X-rays. This FPD can also rapidly evaluate 

the crystalline grain size using an online readable 

2D area detector.  

 

Fig. 1. Powder diffractometer with FPD and 

MYTHEN detectors. 

 

  This detector employs amorphous Si and CsI 

scintillators as the detection sensors, and high-

energy X-rays above 20 keV can be high-efficiently 

counted. The size of detector area is approximately 

250 mm × 300 mm, and the FPD has a dynamic 

range of 16 bits. For accurate estimations of the 

peak intensity and width, we adopted a 2D detector 

with a smaller pixel size, 100 μm × 100 μm. The 

FPD was placed on the large stage of the 

diffractometer, enabling various simultaneous 
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measurements with the MYTHEN detector (Fig. 1). 

In addition, the FPD was placed on a motorized 

XYZ stage to avoid interference between the 2θ axis 

and the FPD detector. Lead attached to the front 

panel shields the circuitry portion of the FPD, while 

the installed water-cooling plate provides stable 

operations. This detector arrangement not only 

enables simultaneous measurements with 

MYTHEN detectors, but also can satisfy users’ 

various needs. For example, the system can support 

non-ambient experiments of temperature 

dependence for chemical reactions. The operation 

software of the detector was developed with 

LabVIEW. 

  Due to its high sensitivity and readout speed, the 

detector achieved a readout time as fast as 190 ms. 

Figure 2 shows data for the CeO2 standard obtained 

with an exposure time of 1 s. The maximum sample-

to-detector distance for the FPD is 350 mm. In this 

configuration, the 2θ angle can be measured over 

40º in a single shot of X-ray with an angular 

resolution comparable to that of an imaging plate 

detector. Although the single-shot data collection 

using MYTHEN measures a limited 2θ region due 

to the detector gaps, the FPD allows a wide range of 

2θ angles to be measured without 2θ gaps. 

Therefore, future applications such as structural 

change observations during chemical reactions and 

phase transformations at high temperatures are 

expected to use the FPD. On the other hand, 

preliminary experiments are no longer necessary for 

grain evaluation using an imaging plate detector 

because the FPD system can quickly and easily 

obtain 2D data from the FPD and high angular 

resolution data from MYTHEN detector 

simultaneously. Moreover, this development 

reduces human error such as exchanging imaging 

plate and loss time during the system exchange. 

Consequently, the limited beamtime can be used 

more effectively. In the near future, we will continue 

to develop programs for automatic processing of 2D 

data synchronized with the measurements and to 

upgrade the measurement system to obtain high-

quality data more efficiently. 

  

Fig. 2. (left): 2D powder pattern measured by the 

FPD. (right): 1D powder diffraction pattern 

calculated from a 2D diffraction image. 

 

Shogo Kawaguchi*1, Hiroki Yamada*1, Kunihisa 

Sugimoto*1, and Michitaka Takemoto*2 

*1 Diffraction and Scattering Group I, Diffraction 

and Scattering Division, JASRI 

*2 Engineering support Group, JASRI 
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BL04B1 

High Temperature and High Pressure Research 

 

1. Introduction 

BL04B1, which is a bending magnet beamline, 

mainly dedicated to 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 monochromator, which can 

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 one has a large, high-pressure press 

with a maximum load of 1500 tons. The SPEED-

1500 Kawai–type high-pressure press (DIA-type 

press, upstream hutch) and the SPEED-Mk.II 

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

downstream hutch) are installed. SPEED-Mk.II is 

suitable for high-pressure deformation experiments 

using differential ram, which moves independently 

of the main ram (D-RAM) as well as high-pressure, 

high-temperature experiments of 30 GPa and 2000 

K or higher using sintered diamond anvils. 

  In FY2019, a two-dimensional (2D) CdTe 

detector with a beam monitor for high-energy 

monochromatic X-rays and a high-resolution X-ray 

beam monitor for white X-rays were developed. 

These systems were introduced as part of the 

Partner User program with a Grant-in-Aid for 

Scientific Research by Dr. Ohuchi, Dr. Nishi, and 

Dr. Steeve of Ehime University. 

2. Development of 2D CdTe detector with an 

integrated beam monitor 

Acoustic Emission (AE) experiments were carried 

out at BL04B1 for several years to understand the 

mechanism of earthquakes. In these studies, a high-

speed time-resolved experiment system was setup 

to investigate the elementary process of rock 

fracturing under high-pressure conditions. A CdTe 

detector (ADVACAM: WIDE PIX 5×5) was 

installed. Because this CdTe detector provides a 

higher S/N ratio than the existing 2D CCD detector 

(Rayonix: SX200), data for the analysis of the 

deviation stress was obtained at short exposure 

times even in the weak X-ray flux of BL04B1.  

  To enable simultaneous measurements of X-ray 

diffraction and radiography, a custom-made beam 

monitor was manufactured by Nikon Engineering 

(Fig. 1). The beam monitor is a device to convert X-

rays into visible light using a fluorescence plate. 

Then the converted light is observed using a lens 

and an image sensor for visible light, which can 

Fig. 1. 2D CdTe detector with an X-ray beam 

monitor. 
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obtain an X-ray absorption image easily. This 

developed beam monitor is especially compact and 

can be installed on the front of the CdTe detector. 

Moreover, the CdTe detector, sCMOS camera, and 

flipper slit can be automatically changed by 

software to acquire X-ray transmission images and 

X-ray diffraction data every few dozens of seconds.  

  Figure 2 shows the X-ray diffraction data of 

oceanic crustal rocks. This CdTe detector obtained 

similar S/N data with about 1/10 of the exposure 

time compared to the existing large-area CCD 

detector. Although the blind area in Fig. 2 is 

obstructed by the beam monitor, the position of the 

blind area can be changed according to the purpose 

of the experiment as the beam monitor is movable. 

 

3. High-resolution X-ray beam monitor 

In FY2019, a compact beam monitor was 

developed to reduce the camera length and to 

provide high-resolution X-ray absorption images 

(Fig. 3). This beam monitor is used for elastic wave 

velocity measurements. Since the elastic wave 

velocity is calculated by dividing the sample length 

by the travel time of the ultrasonic method, the 

accuracy of the elastic wave velocity is highly 

dependent on the accuracy of the sample length 

measurement. When the distance between the 

sample and the beam monitor is long, the 

resolution of the X-ray absorption image is 

reduced due to X-ray scattering. Hence, 

shortening the camera length should provide a high-

resolution image. To further enhance the resolution, 

30-μm-thick GAGG:Ce was used for the 

fluorescence plate. A mirror is located just below 

Fig. 2. 2D X-ray diffraction pattern and X-ray 

transmission image of oceanic crustal 

rocks (top). Magnified image with an 

exposure time of 30 s (middle). Diffraction 

image from an existing CCD detector with 

an exposure time of 300 s (bottom). 

 

Fig. 3. Setup status of the high-resolution beam 

monitor. 
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the scintillator, which is collimated by an objective 

lens, and two additional mirrors guide the visible 

light outside the guide block to form an image on a 

high-sensitivity sCMOS camera (Hamamatsu 

Photonics: C11440-22CU). 

This development can provide images just after the 

guide block of a high-pressure press, which enables 

high-resolution X-ray absorption images to be 

acquired. 

 

Higo Yuji*1, Tange Yoshinori*1, and Michitaka 

Takemoto*2 

*1 High-Pressure Materials Structure Team, 

Diffraction and Scattering Group I, Diffraction 

and Scattering Division, Center for Synchrotron 

Radiation Research, JASRI 

*2 Engineering Support Group, Center for 

Synchrotron Radiation Research, JASRI 
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BL04B2 

High Energy X-ray Diffraction 

 

1. Introduction 

BL04B2 is dedicated to structural studies for 

disordered materials by pair distribution function 

(PDF) analysis. PDF analysis using high-energy X-

ray diffraction can 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. The 

diffractometer dedicated to PDF analysis was 

developed in FY1999[1] and has been operational 

for 20 years. Recently, we developed a rapid time-

resolved diffraction measurement system, which 

uses a large two-dimensional flat-panel detector. 

This system successfully extracted crucial 

information about the crystallization process of 

amorphous solid electrolytes for lithium batteries [2].  

  Here, we report the upgrade status of the 

dedicated diffractometer for disordered materials in 

FY2019. Seven semiconductor detectors were 

installed for accurate diffraction measurements [3]. 

This setup suppresses background noise from the 

instrument and provides a sufficient energy 

resolution to discriminate the signals from 

fluorescence X-rays from those of the higher 

harmonic reflection of the monochromator crystal. 

 

2. Improvement of the dedicated diffractometer 

system with seven point-type detectors 

The dedicated diffractometer for disordered 

materials has operated for 20 years at the BL04B2 

beamline of SPring-8. The first-generation detector 

was intrinsic germanium (Ge), whereas the second-

generation one was a triple-cadmium telluride 

(CdTe) detector.  

  The first advantage of the Ge detector is its 

supersensitivity, which is important for the high 

diffraction angle region because the diffraction 

intensity is very weak at the high scattering vector 

Q (high diffraction angle) region due to the decay of 

the Q-dependent atomic form factor. However, the 

efficiency of the 15-mm-thick Ge detector 

(MIRION TECHNOLOGIES GL0515) is almost 

the same as that of the 1-mm-thick CdTe detector 

(AMPTEK X-123CdTe) at 61 keV, but it is 1.8 

times higher at 113 keV. In addition, the thickness 

of the detector element of Ge is much larger than 

that of CdTe. It is confirmed that approximately a 

two-times higher gain is obtained with a Ge detector 

compared with the CdTe detector at 61 keV, 

suggesting that an almost four times higher gain is 

obtained in the case of 113 keV.  

  The second advantage of a semiconductor 

detector is that its energy resolution is sufficient to 

discriminate the fluorescence X-ray signals from 

those of the higher harmonic reflection of the 

monochromator crystal. The energy resolution 

(FWHM) of the CdTe detectors is better than 3.1 

keV at 61 keV, whereas that of Ge detectors is better 

than 1.0 keV. On the other hand, the advantage of 

the CdTe detector is its small size, which is suitable 

to cover low diffraction angle regions where the 

space is limited.  

  The third advantage of the CdTe detector is that 

it adopts the Peltier device cooling system due to a 
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small detector element. The present upgrade was 

installed in four CdTe detectors for low diffraction 

angle regions and triple Ge detectors with an 

automated liquid nitrogen filling system for high 

diffraction angle regions.  

 

 

  Figure 1 shows the typical setup of the upgraded 

diffractometer. This seven-detector system allows 

diffraction data up to Q = 30 Å−1 to be measured 

with a scan of diffraction angle (2θ) for the first 

detector from 0.3° to 9.5° (Q = (4π/λ)sinθ, where 2θ 

is the scattering angle and λ is the photon (X-ray) 

wavelength). Hence, diffraction data can be 

provided up to 57.5° when the incident energy of X-

rays is 61.6 keV. At an incident energy of 113 keV, 

it is possible to use triple Ge detectors, which 

provide diffraction data up to Q=25 Å−1 by a scan 

of the diffraction angle for the first detector up to 9° 

to give diffraction data up to 25.3°. Figure 2 

compares the new (quad-CdTe and triple-Ge) setup 

with the old (triple-CdTe) one on the structure 

factors S(Q) of glassy SiO2. The measurement was 

approximately three times faster than the previous 

setup. In particular, the statistical accuracy at high 

Q was significantly improved, which is critical for 

performing accurate PDF analysis with a high real-

space resolution. 

 

 

Fig. 2. Total structure factors, S(Q) for glassy SiO2 

from 15 Å−1 to 30 Å−1. Inset shows the S(Q) 

from 0.2 Å−1 to 30 Å−1. Old (black) and new 

(red) setup. It took approximately 30 min to 

collect each data point. 
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Takemoto*2 
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BL08W  

High Energy Inelastic Scattering 

 

1. Introduction 

BL08W is dedicated to high-energy inelastic 

scattering research. It delivers the highest-energy X-

rays emitted from the wiggler at SPring-8. Several 

research fields, including Compton scattering, high-

energy X-ray diffraction, and high-energy X-ray 

fluorescence analysis, use this beamline. This 

beamline supports three Compton scattering 

methods. The first is magnetic Compton scattering, 

which is used for magnetic materials. The second is 

high-resolution Compton scattering with a high-

momentum resolution of 0.1 atomic units, which is 

used to study electronic structures and fermiology. 

The third is Compton scattering imaging (CSI). In 

addition, the beamline can be used for structural 

studies of disordered materials by pair distribution 

function analysis using high-energy X-ray 

diffraction and studies of cultural properties using 

high-energy X-ray fluorescence analysis.  

  In the FY2018 annual report, a CSI technique 

with a two-dimensional (2D) detector was reported. 

In FY2019, a new CSI technique with an energy-

dispersive 2D detector was developed. 

 

2. Development of Compton scattering imaging 

with the energy-dispersive 2D detector 

Compton scattering is characterized by its high 

sensitivity to light elements and low-density 

materials such as gases. Since Compton scattering 

measurements do not require X-ray transmission 

through an object, they are advantageous for 

examining the surface layers of a large object that 

X-rays cannot transmit. The intensity of the 

Compton profile provide information about the 

density, while the shape of the Compton profile give 

information about the composition.  

  Two experimental setups for CSI have been 

performed at BL08W: point-by-point and plane-by-

plane. In the point-by-point setup [1], nine Ge solid-

state detectors (Ge-SSD) are arranged to record the 

Compton scattered X-rays through a collimator, 

which focuses on a single volume of the sample. 

Since this method has a high energy resolution due 

to the Ge-SSD, compositional changes of a sample 

under processing can be studied. However, this 

method requires moving a sample to obtain a 2D 

raster slice image.  

  In the plane-by-plane setup, Compton scattered 

X-rays through a pinhole are detected by a 2D 

detector, which is composed of an image intensifier 

(I.I.) and a CCD camera. This method is easily set 

up and provides cross-sectional images. However, it 

cannot provide the shape of the Compton profile 

because it cannot measure the energy spectra.  

  To overcome this limitation, we developed 

energy-dispersive CSI with the plane-by-plane 

setup. The new CSI setup uses HEXITEC instead of 

I.I. as the detector. HEXITEC is an energy 

dispersive 2D detector developed by Quantum 

Detectors, UK. This detector, which has an 80 × 80 

array of 250 m pixels, can collect the Compton 

profile from the sample at each pixel. Hence, 2D 

maps of the intensity and shape of the Compton 

profile can be constructed. Figures 1(a) and (b) 

show a schematic depiction and a photograph of the 

new CSI arrangement, respectively. The pinhole is 

parallel to the incoming X-ray beams. Because the 

distance between the sample and the pinhole can be 

28



 

Public Beamlines 

Title 
changed automatically with a motor stage, the 

spatial resolution can be varied. Furthermore, the 

distance between the pinhole and the detector can 

be changed to adjust the magnification ratio of the 

CSI. The pinhole size is 100 m, which corresponds 

to the minimum spatial resolution of the CSI. 

 

 

 

 

  To demonstrate the capability of the new CSI 

with the energy-dispersive 2D detector, this method 

was applied to an 18650-type lithium-ion cell 

(model MH1) made by LG Chem. The CSI data of 

the sample were acquired at 165 points. The 

exposure time was 5 min at each point. Figure 2(a) 

shows the total energy spectra summed over all 

pixels. In addition to the two Compton peaks around 

115 keV and 230 keV, elastically scattered X-rays 

(115 keV) and fluorescence X-rays of Pb, W, Cd, 

and Te were observed. Figure 2(b) shows the CSI 

data at one point, which was obtained by integrating 

the Compton profile at 115 keV at each pixel. 

Figure 2(c) shows a cross-sectional image of 

stacked CSIs from 165 points. Anodes, cathodes, 

collectors, and separators were clearly observed.   

  The S-parameter analysis for the new CSI that 

enables the visualization of the Li composition in 

the sample will be reported in the near future. 

 

 

Naruki Tsuji 

Diffraction and Scattering Group II, Diffraction 
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Fig. 1. (a) Experimental setup (side view) and 

(b) photograph of the arrangement of the 

new CSI setup. 

Fig. 2. (a) Total Energy spectrum, (b) CSI at one 

point, and (c) cross-sectional image of 

stacked CSIs. 
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BL09XU 

Nuclear Resonant Scattering 

 

1. Introduction 

BL09XU, which is known as the Nuclear Resonant 

Scattering beamline [1], is an X-ray beamline with a 

32-mm-period standard linear undulator dedicated 

to investigating a broad range of physical science 

questions. It is mainly used for nuclear resonant 

scattering (NRS) and Hard X-ray Photoelectron 

Spectroscopy (HAXPES). Intense X-rays between 

4.91 keV and 80 keV are obtained in the 

experimental hutch using a double-crystal liquid 

nitrogen–cooled monochromator operating at the 

Si (111) reflection for E<38 KeV and the Si (333) 

reflection for higher energies.   

 

2. NRS 

NRS is resonant scattering using the transition 

between the ground state and an excited state in 

nuclei. The resonance energy width is typically in 

the µeV–neV range, which is much narrower than 

meV–eV scale of the energy level of electrons. 

Techniques currently conducted in the beamline 

using NRS include: (1) synchrotron Mössbauer 

spectroscopy, (2) nuclear inelastic scattering (NIS), 

(3) quasi-elastic scattering (QES), and (4) nuclear 

excitation for fundamental physics.  

  In FY2019, the main beamline improvements 

included (1) upgrading the spectrometer for QES 

using time-domain NRS and (2) the installation of 

two closed-cycle cryostats. One is for the samples 

and the other is for the analyzer in energy-domain 

synchrotron Mössbauer spectroscopy. 

 

2-1. Upgrade of the spectrometer for QES using 

time-domain NRS  

QES is a unique tool for studying the dynamics of 

soft matter. One barrier for more widespread use 

was the signal rates. Hence, a new spectrometer 

with improved specifications, which was 

constructed in collaboration with Dr. Saito of Kyoto 

University in FY2018 [2], was tested in FY2019 to 

obtain higher resonant signals. The spectrometer is 

composed of a high-resolution monochromator 

(HRM), a cryostat, and APD detectors. Compared 

to the original 3.5-meV HRM, the measured 

resonant counts after the new 6-meV HRM 

increased by 50%. Figure 1 shows the new cryostat 

and APD detectors. The shorter outer diameter of 

this He-flow cryostat allows wider solid angles to 

be covered with less background scattering due to 

the thinner Kapton window. In the new system, the 

aluminum mylar films are replaced by two 

transparent Kapton windows, which enable the 

direct measurement of sample vibration in the 

cryostat by laser. The vibration is small enough for 

QES measurements. One APD detector has two-

 

 

Fig. 1. Upgraded spectrometer for QES using time-

domain NRS. 
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layered 8-channel APD elements, and the detectors 

are set with a smaller dead space to cover the 

sequential q-range. 

 

2-2. Installation of low-vibration closed-cycle 

cryostat systems 

Energy-domain Mössbauer spectroscopy is a robust 

technique, which is particularly interesting for high-

energy nuclear resonances (e.g., 61Ni at 67.4 keV, 

174Yb at 76.5 keV). To realize a suitable energy 

resolution and a higher efficiency, both the sample 

and analyzer must have low vibrations and low 

temperatures. However, the recent supply problem 

of liquid He in Japan (increased cost and reduced 

availability) has raised the urgency to replace the 

flow-type cryostat with a closed-cycle one. 

Therefore, two pulse-tube closed-cycle cryostat 

systems with lower vibrations were installed. A 

damping mechanism was also installed by the 

company that supplied the cryostats to reduce the 

vibration. These systems will be tested in FY2020.  

 

3. 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 a size of 

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

achieved by a long Kirkpatrick-Baez (K-B) 

focusing mirror with a length of about 1 m. 

Compared to that at BL47XU, its intensity realizes 

a 30 times higher photoelectron detection efficiency. 

The high-flux beam allows spectra with a high 

energy resolution ΔE of about 100 meV to be 

acquired and a diamond phase retarder to be used. 

Hence, changing the beam polarization can measure 

the magnetic circular dichroism of HAXPES 

spectra. Consequently, spintronic materials, for 

example, can be investigated.  

  In FY2017, an energy-tunable system was 

developed to realize resonant HAXPES (r-

HAXPES) measurements in collaboration with 

Partner User (PU). This upgrade was part of the PU 

program of SPring-8 called, “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 systems”. 

Selective utilization of Si 311 and Si 333 channel-

cut monochromators (CCMs) allows r-HAXPES 

spectra to be measured with ΔE<300 meV in the 

incident photon energy range of 4.91–9 keV. 

Unfortunately, the aging analyzer began to 

frequently experience troubles inside the HAXPES 

analyzer such as insulation failure. In FY2019, a 

new analyzer was installed.  

 

3-1. High-resolution electron analyzer with a 

high withstand voltage and strengthened 

correction function of photoelectron trajectory 

The HAXPES analyzer was more than 10 years old, 

and it recently began experiencing troubles due to 

its age. At the end of FY2018, a new analyzer was 

introduced to improve the performance of HAXPES 

measurements. The features of the new analyzer are 

an increased withstand voltage from 9 kV to 12 kV 

and a strengthened correction function of the 

photoelectron trajectory. 

  The 12 kV withstand voltage is expected to 

significantly expand the range of samples used in r-

HAXPES experiments. Currently, the main targets 

of r-HAXPES measurements are 4f rare-earth 

compounds. In particular, the clarification of the 

mechanism on the quantum critical phenomenon 
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(QCP) is a hot topic, and r-HAXPES is of great 

interest because it can realize a direct and 

quantitative estimate of the Coulomb interactions 

between the 4f and 5d electrons in the rare-earth site 

(Ufd), which play important roles in the QCP. 

However, the usefulness of the r-HAXPES is not 

limited to only fundamental research on strongly 

correlated compounds. It is also practical for the 

development of applied materials such as steel and 

photocatalysts. Consequently, its application is 

gradually expanding, and the new analyzer should 

support r-HAXPES measurements at the L3-edge of 

5d transition elements, which constitute strongly 

correlated spintronics materials that should be the 

foundation of next-generation information 

technology (IT) devices and other advanced device 

materials. 

  The strengthening of the correction function of 

the photoelectron trajectory is an indispensable part 

of the development of the HAXPES technique in an 

external magnetic field. Under a magnetic field, the 

Lorentz force bends the photoelectron trajectory, 

making it difficult to detect photoelectrons. 

However, applying a corrective electric field to the 

deflecting lens can detect photoelectrons influenced 

by the magnetic field. Therefore, strengthening the 

corrected electric field has realized an efficient 

photoelectron detection. Currently, HAXPES 

measurements at 0.2 T has been achieved, and 

combining the use of high-energy photoelectrons 

with a kinetic energy > 9 keV should make it 

possible to conduct a HAXPES measurements at 

higher external magnetic fields. 

  The new analyzer not only resolves problems 

such as insulation failure, but also should expand 

the type of samples that can be measured by 

HAXPES. In addition, a high-speed charge-coupled 

device (CCD) detector equipped with this analyzer 

should dramatically improve the photoelectron 

detection efficiency. As a result, the measurement 

time is estimated to be halved, and the linearity of 

the detection improved. 

 

Yoshitaka Yoda*1, Akira Yasui*2, and Yasumasa 

Takagi*2 
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BL10XU 

High Pressure Research 

 

1. Introduction 

BL10XU is an undulator beamline at SPring-8 

dedicated to angular-dispersive X-ray diffraction 

(XRD) measurements using monochromatic X-rays 

and area detectors at high pressure in a diamond 

anvil cell (DAC). In recent years, the number of 

high-pressure experiments in the multi-megabar 

pressure region (200 GPa or higher) has increased 

not only in deep Earth interior studies but also in 

high-pressure physics and chemistry. Even under 

such extreme conditions, the pressure must be 

precisely determined for high-pressure XRD. 

Furthermore, high-pressure research using high-

energy X-rays is expected to evolve to realize time-

resolved high-pressure XRD experiments under a 

fast compression or high-pressure and -temperature 

conditions, as well as high-pressure XRD 

measurements for liquids with a low scattering 

power (e.g., oxide and silicates). To meet these 

requirements, in FY2019 an optical and confocal 

Raman spectroscopy probe system was developed 

for precise pressure determination, and a photon-

counting hybrid pixel array detector was installed 

for high-energy X-rays. This report details these 

advances.   

 

2. Developed online Raman spectroscopy system 

to combine with X-ray diffraction 

In high-pressure experiments, pressure 

determination is a fundamental issue. The ruby 

luminescence method and the diamond anvil Raman 

gauge are widely used for pressure measurements in 

high-pressure experiments with DACs. The latter is 

mainly utilized when high-pressure regions above 

100 GPa or other pressure markers are unavailable. 

However, the non-confocal Raman probe optics, 

which was initially installed, has made collecting 

high-quality Raman spectra from samples smaller 

than 50 µm in the multi-megabar pressure region 

challenging due to the strong stress-induced 

fluorescence increase from diamond anvils of the 

DAC and the large Raman probe spot. In FY2019, 

a micro-Raman probe unit with confocal optics was 

developed to solve these challenges and to acquire 

Raman spectra with a high signal-to-noise ratio at a 

high pressure over 200 GPa (Fig. 1). 

 

Fig. 1. Photograph of the fiber-based Raman probe 

unit with a confocal optical system. 

  The newly developed Raman probe unit has the 

following features: (1) confocal optics, (2) spherical 

aberration–corrected objective lens for the diamond 

anvil, and (3) dual excitation lasers. These features 

allow a micro-focused laser probe with a spot size 

of 2–3 µm and a depth resolution of less than 35 µm. 

Depending on the sample and experimental 

conditions, two different excitation lasers with 

wavelengths of 532 nm and 633 nm are available. 

In the confocal optics of this Raman probe unit, a 

motorized aperture is adopted at the conjugate focus. 
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Thus, the aperture size can be continuously 

controlled. Preliminary results indicated that the 

signal-to-ratio of the Raman spectrum was 

improved several times compared to that using the 

previous non-confocal Raman spectroscopy system. 

The optimization of the optical system of the Raman 

probe unit will be continued for online utilization. 

 

3. Photon-counting hybrid pixel detector for 

high-energy XRD experiments 

Two types of area detectors, an image plate (IP) 

detector and a flat panel detector (FPD), have been 

used for high-pressure XRD with high-energy X-

rays (20–62 keV). The IP detector is utilized mainly 

for precise crystal structure analysis requiring 

accurate determination of the XRD peak intensities 

with a high angular resolution over a wide angular 

region. The FPD is a suitable device for conducting 

moderately fast XRD experiments and real-time 

monitoring under extreme conditions. In addition, 

the photon-counting hybrid pixel detector 

LAMBDA system with a high-Z pixel sensor of 

Cadmium Telluride (CdTe) from X-Spectrum 

GmbH was newly installed. The LAMBDA CdTe 

750k is a Medipix3-based pixel array with a small 

pixel size (55 µm × 55 µm) and a format of 1528 × 

512 pixels. The detector can acquire images up to 

2000 frames per second with a 12-bit counter depth, 

which is 100 times faster than the FPD. This allows 

time-resolved high-energy XRD experiments on the 

millisecond timescale such as the accurate 

determination of P–V–T structure relations at a fast 

compression and during a chemical reaction under 

high pressure and temperature. In another mode of 

the detector, noise-free images can be collected with 

24-bit depth for a signal range of 0–16 million 

photon hits per pixel. This mode provides an 

excellent signal-to-noise ratio and should realize 

crystallography of low-Z materials at high pressure, 

non-crystalline XRD studies for high-pressure 

small samples, and measurements of melting curves 

at high pressure and temperature. 

  In FY2019, the construction of measurable 

environments, including software development, 

performance tests, and trial measurements, were 

performed (Fig. 2). 

Fig. 2. Experimental setup of the detector during a 

trial measurement for high-pressure XRD. 

 

Naohisa Hirao, Saori Kawaguchi, and Yasuo Ohishi 

High-Pressure Materials Structure Team, 
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Radiation Research, JASRI 
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BL13XU 

Surface and Interface Structures 

 

1. Introduction 

BL13XU is dedicated to revealing the structures of 

the surface layers on solids and thin films at the 

atomic scale using X-ray diffraction/scattering 

(XRD). Typically, users employ grazing-incidence 

X-ray diffraction, crystal-truncation-rod (CTR) 

scattering, reflectivity, microbeam diffraction, and 

reciprocal-space mapping in a vacuum as well as in 

air. Investigations of the surface structure by the 

aforementioned XRD are performed using an 

ultrahigh-vacuum (UHV) chamber mounted on a 

diffractometer. The chamber is equipped in advance 

with tools for sample preparation and surface 

analysis. Target materials are widely spread from 

hard matter (e.g., metal or an inorganic material) to 

soft matter (e.g., organic semiconductor). The 

photon energy in the range from 6 to 50 keV is used. 

  Many users have recently measured the diffraction 

from nanostructures such as atomic wires, nanodots, 

and ultra-thin films. Local structures of device 

materials such as strain have been revealed using a 

microbeam. Not only a 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 possible. 

  In addition to the in-vacuum undulator source and 

the standard optics, the 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]. A monochromator stabilization system and 

fast tuning of the incident X-ray energy for 

anomalous XRD are utilized to meet user’s 

requirements. This report details the technical 

developments and upgrades of the beamline 

instruments in FY2019. 

 

2. Coherent scattering for surface and interface 

The rapid progress in the manipulation of 

nanometer-scale structures on crystal surfaces, 

where two-dimensional well-ordered structures can 

be obtained, has accelerated research on low-

dimensional physics. Since an atomic constellation 

is strongly related to its electronic structures,  

surfaces exhibit intrinsic physical and chemical 

properties, which differ from those of crystals due 

to their low dimensionality. Therefore, 

understanding the atomic structure of a surface is 

the starting point for tailoring novel surface 

materials to meet specific requirements and to 

elucidate surface functions such as catalytic 

reactions. Surface X-ray diffraction (SXRD) is a 

state-of-the-art technique to determine the 

constellations of atoms on crystal surfaces, 

including adsorbates, thin films, and relaxed 

layers [2]. 

  In addition, hierarchical structures of surfaces 

from an atomic to a mesoscopic scale have recently 

received interest for a deeper understanding of 

corrosion, plating, self-assembly, etc., where 

surfaces play an important role intrinsically. Hence, 

a mesoscopic probe in combination with SXRD 

should provide new opportunities for studying 

surface phenomena from the firm basis of its atomic 

constellation and morphology. Toward this goal, 

BL13XU was adapted for coherent scattering.  

  Figure 1(a) shows coherent scattering from a 0.5-
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μm-thick Ta test chart with a mesh structure of 1-

μm-linewidth and 2-μm pitch using a Hypix-9000 

detector (RIGAKU) with 8-keV X-rays. The test-

chart image was successfully reconstructed from 

coherent scattering with a resolution finer than 

hundreds of nm (Fig. 1(b)), which is consistent with 

scanning electron microscopy (Fig. 1(c)). 

 

 

Fig. 1. (a) Coherent scattering from a Ta test chart 

observed at BL13XU. (b) Reconstructed 

image of (a). (c) Scanning electron 

microscopic image of the test chart. 

 

  As a next step, an application of coherent 

scattering for real surfaces and thin films has been 

commissioned in combination with SXRD. This 

work was partly supported by JSPS KAKENHI 

(Grant No. 18H03479) and JASRI President Fund 

(R18-05). 

 

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

diffraction 

Micro/nano-beam X-ray diffraction (XRD) is an 

excellent method to accurately reveal local lattice 

distortions in materials such as semiconductor thin 

films or electric devices. In the experimental hutch 

4 (EH4) at BL13XU, a micro/nano-beam XRD 

system is arranged with a Fresnel zone plate (FZP) 

and compound refractive lenses (CRLs) as focusing 

devices (Fig. 2) [3, 4]. Previously, a CCD camera and 

a pixel array detector were used. However, an 

advanced detector system, which exhibits features 

such as a wide active area, wide dynamic range, 

high sensitivity, and low noise, is desired for 

innovative applications with smaller distortions and 

operando measurements. In FY2019, a two-

dimensional hybrid pixel array detector, HyPix-

3000, produced by Rigaku was introduced. 

  HyPix-3000 is a two-dimensional photon-

counting detector. Its sensor element is made of 

silicon. The detector has 775 × 385 pixels with a 

pixel size of 100 μm × 100 μm, which results in a 

wide active area of 77.5 mm × 38.5 mm. The 

maximum counting rate of the pixels exceeds 1 × 

106 count/sec. Each pixel is equipped with two pairs 

of comparator and digital counter. By applying 

these counting circuits as high and low thresholds, 

the energy window is applied to eliminate noise due 

to fluorescence and cosmic rays diving into the 

detector. Additionally, combining two counters or 

sequential measurements without any dead time by 

alternatively switching counters can realize a wide 

dynamic range. 

  To mount HyPix-3000, the two-theta arm on the 

micro/nano-beam XRD system was remodeled. The 

camera distance can be varied from 120 mm to 1000 

mm from the sample by the translation stage on the 

arm. At the position furthest from the sample, the 

detector covers a two-theta range of about 4.4° with 

a high angular resolution of 0.0057°. At the position 

closest to the sample, the wide range of the two-

theta angle by about 35.7° is observed 
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simultaneously with the resolution of 0.047°. 

  With this detector system, micro/nano-beam XRD 

can be applied not only to single crystals and 

epitaxial films but also to materials in the 

polycrystalline or powder form. The detector also 

helps reduce the measurement time while realizing 

a high sensitivity and low noise. Hence, it 

contributes to the more effective use of the beam 

time.  

 

 

Fig. 2. Micro/nano-beam XRD system in EH4 at 

BL13XU. 

 

Hiroo Tajiri and Kazushi Sumitani 
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BL14B2 

Engineering Science Research II 

 

1. Introduction 

BL14B2 is a bending magnet beamline at SPring-8 

dedicated to research by industrial users conducting 

X-ray absorption spectroscopy (XAS) measure-

ments. Various measurement systems have been 

developed to realize easy and high-throughput 

operations of XAS measurements. In FY2019, the 

auto sample changer was renewed and the system 

for handling data was updated. 

 

2. Auto sample changer 

Since FY2009, the auto sample changer has been 

widely used by industrial users [1]. In FY2019, it was 

replaced due to frequent malfunctions and 

deteriorating conditions. Figure 1 schematically 

depicts the new auto sample changer. This design is 

based on that of the auto sample changer for small-

angle X-ray scattering measurements at BL19B2 [2]. 

The new apparatus consists of two parts: the transfer 

arm and the sample container. To control the sample 

positions, the transfer arm is set on Xarm, Zarm linear 

stages, and a  rotation stage. The sample container 

is set on three linear stages (Y1, Y2, and Z) 

indicated by the red arrows in Fig. 1. Combining 

these six alterations can change the sample in less 

than 10 sec. The sample container can hold up to 

120 samples, which is 40 samples larger than that of 

the previous auto sample changer.  

  Figure 2 shows photographs of the sample 

changer, the grabbing chuck of the transfer arm, the 

sample holder, and the sample cartridge. A 

measurement sample attached to a conventional 

slide mount can be mounted on a sample holder. The 

sample holders are set on the sample cartridge by 

magnets. Each cartridge has a maximum capacity of 

40 samples.  

The incident angles of the X-ray to sample 

surfaces can be changed in the horizontal plane of 

the measurements using  rotation stage. Therefore, 

Fig. 1. Schematic of the renewed auto sample 

changer for XAS measurements. 
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Fig. 2. Photographs of the auto sample changer, 

grabbing chuck of the transfer arm, 

sample holder, and sample cartridge. 
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both transmission and fluorescence XAS 

measurements can be performed automatically. 

3. Utilization of data transfer system BENTEN

In FY2019, we utilized the data transfer system 

BENTEN, which was newly developed at SPring-

8 [2], for the XAS measurement system and XAS 

standard spectral database at beamline BL14B2. 

BENTEN provides flexible and unified data access 

from both inside and outside SPring-8 for data 

analysis (http://benten.spring8.or.jp). 

  A system to upload measurement data to 

BENTEN was developed. This system transfers 

measured data from the local data server of BL14B2 

to BENTEN automatically during an experiment. 

Because data are linked with the proposal number 

of the experiment, users can download their 

experimental data from BENTEN after returning to 

their home institution without collecting their 

results at the end of the experiment. 

Beginning FY2016, the XAS standard spectral 

database was published [3]. In FY2019, a new 

system was constructed for publishing this XAS 

standard spectral database utilizing BENTEN, and 

it contained 1042 spectra at the end of FY2019 (Fig. 

3). This new system allows users to browse 

experimental data and metadata about standard 

samples in a directory format. Anyone with a 

SPring-8 user account can access the database. 

Details of the new XAS standard sample database 

can be found on the following website 

(http://support.spring8.or.jp/xafs/standardDB_02/st

andardDB.html).  

Takeshi Watanabe, Hironori Ofuchi, and Tetsuo 

Honma 

Industrial Application Division, JASRI 
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BL19B2 

Engineering Science Research I 

 

1. Introduction 

BL19B2, which is known as the Engineering 

Science Research I beamline, is one of the original 

beamlines dedicated to industrial applications. It 

plays an important role in promoting industrial use 

of synchrotron radiation. To meet the diverse needs 

of industry, its three experimental hutches contain 

a variety of experimental apparatuses for X-ray 

scattering and diffraction. The first hutch (EH1) 

contains Polaris [1], a versatile high-throughput 

powder diffractometer, while the second hutch 

(EH2) has a multi-axis diffractometer. The third 

hutch (EH3) contains PILATUS 2M, which is a 

two-dimensional detector for small-angle X-ray 

scattering (SAXS) with a camera length of 0.7–40 

m. A unique feature of BL19B2 is ultrasmall-angle 

X-ray scattering (USAXS) with a camera length of 

40 m. 

  In FY2019, a high-resolution data acquisition 

method for powder diffraction was developed 

using Polaris. For the multi-axis diffractometer, an 

apparatus for heating/cooling planar samples was 

prepared. For SAXS, a new sample changer robot 

was installed in EH3. 

 

2. High-resolution data acquisition of powder 

diffraction 

Polaris, which is a versatile high-throughput 

 

Fig. 1. High-resolution data acquisition using Polaris. (a) Overview of Polaris. Red arrow 

indicates the 2 axis used for displacing the detector array by the displacement 2. 

Diffraction peaks of the LaB6 powder sample of (b) 2=0.0025° and (c) 0.001°. Blue and red 

are plots of the normal mode and the microstep modes, respectively. 
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diffractometer in EH1, consists of a 

one-dimensional detector array of MYTHEN 

modules with a camera radius of 573 mm and an 

angular resolution of 2 = 0.005°. Because there is 

a high demand for higher angular resolution 

measurements of samples with a high crystallinity, 

in FY2019, a new measurement mode, called the 

“microstep mode”, was developed. This 

measurement mode realized a higher angular 

resolution by combining a diffraction profile with 

one measured by slightly displacing the position of 

the detector array. The detector array was displaced 

using the 2 axis (shown in Fig. 1(a)) by a 

displacement of 2 which was a finer angle than 

0.005°. The red plots in Fig. 1(b) and (c) indicate a 

closeup of the diffraction peaks of LaB6 powder 

samples (SRM 660c) using different microstep 

modes of 2=0.0025° and 0.001°, respectively. 

The blue plots indicate the peaks measured by a 

“normal mode” (2=0°). Compared to the normal 

mode, the peaks are more accurately observed by 

increasing the number of measurement points with 

the microstep mode (orange arrows). 

 

3. Heating/cooling apparatus for a multi-axis 

diffractometer 

On the upstream side of EH2, a HUBER multi-axis 

X-ray diffractometer is installed. This 

diffractometer can perform not only general X-ray 

diffraction/scattering measurements but also 

various types of diffraction/scattering experiments 

such as high angular resolution diffraction, residual 

strain measurements, anomalous X-ray scattering, 

grazing-incident X-ray diffraction (GIXD), X-ray 

reflectivity, and various in situ measurements. To 

perform various X-ray diffraction/scattering 

measurements, different detectors (a point detector, 

a line detector, and a two-dimensional detector) 

can be attached to the detector arms of this 

diffractometer.  

  In FY2019, a heating/cooling apparatus (DCS 

500, Anton Paar GmbH) was introduced for X-ray 

diffraction measurements conducted below room 

temperature (Fig. 2). The DCS 500 is a unique 

apparatus for in situ X-ray diffraction studies at 

temperatures between −180 °C and 500 °C. It can 

be fitted to most common four-circle goniometers. 

The X-ray transparent dome (graphite or PEEK) 

mitigates condensation at low temperatures or 

chemical reactions at high temperatures, enabling 

measurements of samples in a vacuum or inert gas.  

DCS 500 is now available to users. 

 

 

4. Sample changer dedicated to SAXS 

An automated measurement system using a sample 

changer robot HummingBird [2] is a unique feature 

of SAXS experiments in BL19B2 and USAXS. 

For a camera length (L) shorter than 3 m (SAXS 

mode), the sample is positioned in EH3, but L = 40 

m (USAXS mode) in EH2. Since FY2014, the 

 

Fig. 2. Heating/cooling apparatus (DCS 500) 

attached to the HUBER multi-axis 

X-ray diffractometer. 
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robot has been operating between the two hutches 

as the experiment mode (SAXS mode, USAXS 

mode) changes. In FY2019, a new sample changer 

robot was installed in EH3 for the SAXS mode 

(Fig. 3). Now, HummingBird is exclusively for the 

USAXS mode. As a result, the labor and time 

required to move the robot have been reduced, 

significantly improving the beam time efficiency. 

 

 

Keiichi Osaka and Tomoyuki Koganezawa 
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Fig. 3. Sample changer robot dedicated to 

SAXS measurement in EH3. 
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BL20XU 

Medical and Imaging II 

 

1. Introduction 

BL20XU is a medium-length (250 m) beamline 

with an undulator source in SPring-8 dedicated to 

applications of various imaging techniques. A liquid 

nitrogen–cooled Si double-crystal monochromator 

(DCM) is used to choose the X-ray energy (7.67– 

37.7 keV with Si(111), and 12.4–61.5 keV with 

Si(220) reflection). To transport a clean and 

coherent X-ray beam, no X-ray optical devices 

except the DCM and X-ray windows are installed. 

There are two experimental hutches. Experimental 

hutch 1 (EH1) and experimental hutch 2 (EH2) are 

located 80 m and 245 m from the source, 

respectively. Various kinds of X-ray projection 

imaging, such as X-ray micro computed 

tomography (µ-CT), high-speed X-ray imaging, and 

coherent X-ray imaging, are available. Using both 

EH1 and EH2, two experiments unique to BL20XU, 

which require a long sample-to-camera distance 

(165 m), are possible. The first is an ultrasmall-

angle X-ray scattering (USAXS). The second is a 

high-energy X-ray nano-tomography (nano-CT). A 

multiscale-CT, which combines the µ-CT and nano-

CT (Fig. 1), and an integrated CT consisting of the 

multiscale-CT and XRD-CT were developed. As a 

part of activities at this beamline, improvements of 

the measurement apparatus and techniques for high-

energy X-ray nano-CT were conducted in FY2019.  

 

2. Upgrading of high-energy X-ray nano-CT by 

installing beam-shaping condenser zone plate 

High-energy X-ray nano-CT at BL20XU is based 

on a 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. It realizes 150 nm spatial resolution three-

dimensional imaging at an X-ray energy range 

above 20 keV. This system, which is often used as a 

part of the multiscale-CT system that is combined 

with the µ-CT system (Fig. 1), is widely used in 

various fields such as astronomy, mineral, material, 

device, battery, and industrial use.  

  A typical scan time is approximately 60–120 min 

with 1800 projection at 20 keV. However, the 

scanning time is too long for time-resolved 

measurement such as in situ observations. The lack 

of intensity is particularly severe in the higher-

energy region above 30 keV, as the efficiencies of 

the FZP and CZP decrease. Therefore, a higher 

intensity of illumination is required for shorter scan 

time measurements. A newly developed CZP, which 

is designed to increase the illumination intensity of 

illumination, was installed. A critical illumination is 

available using an FZP as a condenser (Fig. 2(a)). 

 

Fig. 1. Schematic diagram of multiscale-CT at 

BL20XU for (a) high-energy X-ray nano-

CT mode and (b) µ-CT mode. 
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However, the field of view in this case is not 

sufficiently large because the focused beam size is 

too small with a highly collimated beam from the 

synchrotron radiation (SR) light source.  

  To overcome this, a hollow-cone illumination 

(Fig. 2(b)) is commonly employed in the SR full-

field X-ray microscope system. Such an 

illumination is realized by employing a CZP with 

multiple diffraction gratings with an equally spaced 

pitch (Fig. 2(b), left). Since 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 the segments 

of the CZP (in the case of incoherent illumination). 

Conventional CZP (octagonal CZP, O-CZP) 

consists of 8 segments (Fig. 2(b)) [1], whereas the 

newly developed CZP (beam-shaping CZP, BS-

CZP) has 44 segments (Fig. 3(b) [2]. Therefore, the 

newly developed CZP should have a 5.5 times 

higher illumination intensity than the conventional 

CZP.  

  The performance test using the BS-CZP for two-

dimensional imaging was conducted using a 

tantalum test chart (XRESO-50HC; NTT Advanced 

Technology, Japan) with a fine structure of up to 50-

nm lines and 50-nm spaces with a 500-nm thickness. 

Figure 3 shows the Zernike phase-contrast X-ray 

image for an X-ray energy of 37.7 keV, where the 

left side shows an effective field of view of 

approximately 60 µm and the right side represents a 

magnified view showing that this optical system has 

a resolution as fine as 100-nm line width. The 

intensity of the image is approximately eight times 

larger than before employing the BS-CZP. The 

reason why the obtained gain is larger than 

estimated is due to the inner structure of the BS-

CZP because the fabricated pattern depth is larger 

than that of the O-CZP. This results in a higher 

diffraction efficiency. Figure 4 depicts multiscale 

CT images of the Murchison meteorite, which is a 

type of carbonaceous chondrite. Figure 4(a) shows 

the µ-CT image. Nano-CT precisely measured the 

region of interest, which corresponded to the central 

region of the chondrule (Fig. 4(b)). The sample size 

was around 3 mm and the X-ray energy was 37.7 

keV. A fibrous-like fine-grained crystalline structure 

 

 

Fig. 2. Conceptual drawing of illumination in 

full-field microscopy. (a) Critical 

illumination using FZP as the condenser, 

(b) hollow-cone illumination using O-

CZP, and (c) illuminating with BS-CZP. 

 

Fig. 3. Zernike phase-contrast X-ray image of the 

tantalum test chart (left) and its magnified 

view (right). X-ray energy, effective pixel 

size, and exposure time are 37.7 keV, 38.4 

nm, and 6 s, respectively. 
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characteristic of a hydrous mineral was observed 

inside the meteorite. 

  Multiscale-CT measurements realize 

nondestructive three-dimensional imaging of bulky 

and mm-sized samples with nm-scale resolution. A 

higher X-ray energy is required as the sample size 

increases (Fig. 4). The BS-CZP increases the 

intensity by approximately an order of magnitude, 

which greatly improves the utility of nano-CTs, 

especially in the high energy X-ray region above 30 

keV. 

 

Akihisa Takeuchi and Masayuki Uesugi 

Imaging Group, Center for Synchrotron Radiation 

Research, JASRI 
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Fig. 4. Murchison meteorite imaged via multiscale-CT. 

(a) Virtual cross-sectional image measured with 

the µ-CT mode. (b) Interior CT image of the 

circled ROI in (a) measured with the nano-CT 

mode. In the µ-CT mode, the X-ray energy, 

pixel size, and exposure time are 37.7 keV, 0.52 

µm, and 50 ms, respectively, to acquire 1800 

images in a 180° rotation. In the nano-CT mode, 

the X-ray energy, effective pixel size, and 

exposure time are 37.7 keV, 38.9 nm, and 2 s, 

respectively, to acquire 1800 images in a 180° 

rotation. 
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BL20B2 

Medical and Imaging I 

 

1. Introduction 

BL20B2 is a medium-length beamline with a 

bending magnet source dedicated to X-ray imaging. 

It is composed of an optics hutch, an upstream 

experimental hutch 1 (EH1) located 42 m from the 

source, and downstream experimental hutches 2 

(EH2) and 3 (EH3) located 200 m from the source. 

The EH2 and EH3 are located in the medium-length 

beamline facility. A monochromatic X-ray beam 

from a SPring-8 standard double-crystal 

monochromator is available, and an energy range of 

5–113 keV is covered by changing the crystals. 

  BL20B2 is mainly used for X-ray imaging such 

as X-ray microtomography and projection imaging. 

EH1 supports high spatial resolution and fast 

imaging experiments, which require a higher 

photon flux density. EH2 and EH3 support X-ray 

imaging experiments with a wide field of view 

using an X-ray beam with a large cross-section. In 

addition, phase-contrast imaging with a high spatial 

coherence of the beam generated by a long 

propagation distance from the source is performed. 

These activities have improved the measurement 

apparatus and techniques for X-ray imaging. In 

FY2019, 4-dimensional (4D) X-ray phase 

tomography using a grating interferometer was 

developed. 

 

2. Development of 4D X-ray phase tomography 

X-ray imaging using phase information enables 

observations of biological soft tissues with a higher 

image contrast compared with absorption-based 

imaging. Moreover, the phase shift is proportional 

to the mass density of the soft tissues in the hard X-

ray region. Therefore, the density distribution in 

biological soft tissues can be quantitatively 

measured in three dimensions with a high-density 

resolution. 

  In X-ray phase tomography, most measurements 

were made on extracted and formalin-fixed 

specimens because in vivo measurements for organs 

could not fully utilize the high-density resolution of 

X-ray phase tomography due to the presence of 

bones and air, which have very different densities 

compared to biological soft tissues. However, for 

biological soft tissues that undergo dynamic 

changes such as tendons, cartilage, and aorta, in vivo 

measurements should provide not only structural 

information but also functional information. On the 

other hand, in vivo measurements using absorption 

contrast cannot be applied to measure slight 

differences in the density, which is relevant to the 

structure and the function of biological soft tissues 

due to lower sensitivity. In FY2019, a 4D X-ray 

phase tomography was developed to observe 

dynamically changing biological soft tissues in an 

environment that mimics in situ conditions, 

although it is not an in vivo measurement. 

  4D X-ray phase tomography was developed at 

EH1. A grating interferometer provides differential 

phase images. The grating interferometer is 

composed of two transmission gratings, namely a 

phase grating (G1) and an absorption grating (G2). 

The grating pitch in G1 and G2 is 2.6 μm. G1 

generates a π/2 phase shift for an X-ray energy of 

20 keV. The distance between G1 and G2 is set as a  

3rd order fractional Talbot distance of 20 keV. G2 is 

placed on the Piezo-driven translation stage, and the 
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fringe scan method retrieves the differential phase 

image by scanning G2. Integrating the differential 

phase images provides a phase image. A scanning 

procedure allows data for multiple fringe scans to 

be obtained by continuously scanning G2 in one 

direction. Hence, a method to acquire a series of 

images was developed based on the advantage that 

the grating pitch is nearly constant.  

  To scan G2 and acquire images at the proper time, 

a function generator (3350B, Keysight) was used. 

Figure 1(a) shows a schematic drawing of the 

scanning procedure. In this case, a simple 

continuous oscillation such as stretching/ 

compressing and its releasing is considered as a 

sample deformation. The deformation process of the 

sample is synchronized with the scanning of G2 and 

the acquisition of the images for phase retrievals. A 

single projection includes two saw-tooth waves (Fig. 

1(a)) [1]. The one-way deformation process of the 

sample is synchronized with the single saw-tooth 

wave. In this single saw-tooth wave, M=N−P+1 

differential phase images (or phase images) can be 

obtained from N images with a P-step fringe scan. 

Hence, the frame rate in the image acquisition 

corresponds to the apparent frame rate in X-ray 

phase tomography. 

  As a demonstration of 4D X-ray phase 

tomography for biological soft tissues, fresh 

chordae tendineae extracted from a pig heart were 

observed under continuous stretching and releasing 

conditions. In this demonstration, the effective pixel 

size was set to 7.8 μm × 7.8 µm. The fresh sample 

was measured in a specially designed water cell 

filled with normal saline. To keep the sample fresh, 

the saline was kept below 7 °C using Peltier devices. 

The sample was set between two rotation stages 

facing each other using an attachment tool (Fig. 2). 

Then the sample was rotated under stretching by 

changing the distance of the rotation stages. In this 

case, the stretching direction is parallel to the 

rotational axis. A mechanical seal prevented the 

saline from leaking out of the water cell. In addition, 

a small load cell (nominal capacity: 50 N) was 

installed between the sample and the upper 

rotational stage to measure the sample load during 

the tomographic measurement. The chordae 

tendineae under observation were continuously 

stretched and released with an oscillation speed of 

0.5 Hz. The amount of stretching was 400 μm. In 

this condition, the maximum load on the sample was 

approximately 0.8 N. The acquisition speed of 

images using the function generator was set to 20 

Fig. 1. (a) Schematic drawing of the scanning 

procedure in 4D X-ray phase tomography 

to observe continuously oscillating 

biological soft tissues. (b) Improved 

scanning procedure to observe more 

complicated periodic motion. 

 

47



 

Public Beamlines 

Title 

Hz, where the exposure time was 40 msec. Thus, the 

differential phase images should be acquired at 20 

frames per second. X-ray phase tomography was 

reconstructed from 900 projections where a 5-step 

fringe scan was used to retrieve a differential phase 

image.  

  Figure 3(a) shows a cross-section of chordae 

tendineae, which are perpendicular to the stretching 

direction, at the stretched and released states, where 

the color scale represents the mass density 

estimated from the phase shift. The density 

resolution estimated from the standard deviation in 

the background was 4.7 mg/cm3. The cross-

sectional shape slightly differed in the stretched and 

released states. Figure 3(b) shows the sequential 

changes of the cross-sectional area during stretching 

and releasing. In the measurement of the cross-

sectional area, a simple threshold (=1.018 g/cm3) 

was applied, and the area above the threshold was 

measured. Although an approximately 2.5% 

reduction of the cross-sectional area in P–V was 

observed, a clear change in the density was not. 

 

 

Fig. 3.(a) Cross-sections of chordae tendineae at the 

stretched and released states. (b) Cross-

sectional area during stretching and 

releasing. 

 

3. Conclusion 

Four-dimensional X-ray phase tomography can be 

used to observe biological soft tissues with 

continuous oscillation, which mimics the in situ 

conditions. The X-ray phase tomographic images 

during stretching and releasing can be obtained at 

20 frames per second. This technique can be applied 

to observe the deformation process in biological 

Fig. 2. Sample stage for 4D X-ray phase 

tomography under stretching. 
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soft tissues. Two saw-tooth waves accommodate 

each motion in stretching and releasing. To improve 

the flexibility in the dynamic measurement, the two 

saw-tooth waves can be replaced with a single saw-

tooth wave (Fig. 1(b)). Although the technique is 

limited to periodic motion of the sample, it can 

measure more complex deformation processes. 

 

Masato Hoshino and Kentaro Uesugi 

Spectroscopy and Imaging Division, Center for 

Synchrotron Radiation Research, JASRI 
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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 structures of solids. After a major upgrade 

in FY2014, the beamline now 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 

Because soft X-ray absorption spectroscopy 

provides opportunities to measure the K-absorption 

edges of oxygen and nitrogen, a high-flux soft X-

ray beam with a low energy is necessary. In FY2019, 

a new varied-line-spacing plane grating with a 

grooving density of 300 line/mm was installed in 

the B-branch. In addition, the existing gratings and 

focusing mirrors were ozone-cleaned as it is well 

known that they are severely contaminated in the 

early stage after the vacuum chamber activation. 

The new grating covers not just the K-absorption 

edges of nitrogen and oxygen but also the L-

absorption edges of all 3d transition elements. The 

high flux is expected to shorten the measurement 

time and reduce the degradation of data accuracy 

with time. 

 

2-2. Two-dimensional photoelectron 

spectroscopy (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 [4], atomic 

orbital analysis by circularly polarized resonance 

photoelectron diffraction [5], and microscopic 

photoelectron diffraction [6] 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 allows non-periodic local structures 

with multiple chemical states to be studied [7]. These 

methods require wide-range photoelectron angular 

distribution patterns measured with a sufficiently 

high energy resolution to resolve core level 

chemical shifts. For such measurements, a display-

type retarding field analyzer (RFA) with a high 

resolving power (E/ΔE) of 1100 was developed [8]. 

The retarding grid is a wire mesh, but simulations 

predicted that the energy resolution can be further 

improved by a retarding grid composed of 

cylindrical holes [8].  

  To maximize the energy resolution, the magnetic 

field in the RFA must be minimized. The previous 

vacuum chamber on which the RFA was mounted 

was composed of stainless steel and lacked a 

magnetic shield function. At the end of FY2019, the 

chamber was replaced with a µ-metal chamber, 

which serves as a magnetic shield. The energy 

resolution of an RFA with a cylindrical hole grid 

will be examined in FY2020.  
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Fig. 1. RFA station constructed at the A-branch of 

BL25SU. 

 

2-4. Microbeam angle-resolved photoemission 

spectroscopy (ARPES) (A-branch third station) 

The ability of selecting flatly cleaved areas from 

poorly cleaved sample surfaces is valuable for 

ARPES [9]. To enhance this capability, a micro-

ARPES end-station equipped with a DA30 analyzer 

from Scienta Omicron and a micro focusing mirror 

was developed [10]. The smallest available beam 

spot is 5 μm. This end-station was opened for public 

use in FY2018.  

  In FY2019, one user group planned experiments 

involving small crystals, which were about 10 μm 

in size. Because the probing depth is a few 

nanometers, ARPES requires clean sample surfaces. 

Typically, samples are cleaved in situ to obtain 

clean surfaces. However, cleaving 10-μm crystals is 

challenging. To obtain clean surfaces, an in situ 

sample-heating system was set up in the preparation 

chamber of the micro-ARPES end-station. The 

temperature can reach more than 1000 °C. In 

FY2019, this system was successfully used for the 

user experiment. 

 

 

Fig. 2. Micro-ARPES station constructed at the A-

branch of BL25SU. 

 

2-5. Pulse magnet-type X-ray magnetic circular 

dichroism (XMCD) spectroscopy (B-branch first 

station) 

In an experiment using the pulse magnet-type 

XMCD apparatus, a long interval time of about 20 

min was required to generate 40 T and to cool 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 induces sample damage. In addition, this 

station has a mechanism to retract this apparatus. 

Depending on the purpose, various types of 

equipment can be temporarily installed. 

 

2-6. Electromagnet-type XMCD spectroscopy 

(B-branch second station) 

This apparatus can selectively use low-temperature, 
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high-temperature, and voltage/current application 

measurements. Combining these methods with total 

electron yield (TEY), partial fluorescence yield 

(PFY), and transmission modes allows for diverse 

experimental environments. In FY2019, a heating 

system was installed in the sample preparation 

chamber to enable sample annealing up to 400 °C. 

 

2-7. Scanning soft X-ray microscope (nano-

XMCD) (B-branch third station) 

A 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 [11]. This 

unique apparatus features nanoscale MCD imaging 

under high magnetic fields. It is intensively used to 

study permanent magnets, where magnetic field–

dependent changes in the magnetic domains clearly 

visualize the microscopic origin of the 

demagnetization process [12]. In general, a 

coercivity of magnetic materials decreases under 

high temperature. To investigate this mechanism in 

detail, a sample-heating system was developed (Fig. 

3) in FY2019. In FY2020, magnetic imaging of 

permanent magnets will be tried at a sample 

temperature of 200 °C or higher. 

 

Fig. 3. New high-temperature sample stage 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 C-branch, which is 

equipped with a varied-line-spacing plane grating 

monochromator (VLP-PGM), provides lower soft 

X-ray radiation in the range from 0.17 keV to 2.2 

keV. The VLS-PGM installed in the C-branch was 

upgraded in FY2018 [1].  

  The B-branch provides a higher-energy soft X-

ray (2.1–3.3 keV). Radiation from the undulator is 

monochromatized using a Si(111) channel-cut 

monochromator and is focused to about a 10-μm 

spot on the sample position using Kirkpatrick-Baez 

(KB) mirrors [2, 3]. The main experiments performed 

in this branch are XRF elemental mapping, 

XRF/XAFS chemical mapping, and µ-XAFS 

measurements using focused soft X-rays. Here, we 

report the upgrade of the end-station of the B-

branch in FY2019. 

 

2. Upgrade of the end-station of the B-branch 

2.1 Installation of a high load capacity stage 

A channel-cut-type monochromator is installed on 

the B-branch. Because it changes the photon beam 

height due to the rotation of the Si-crystal block, the 

height change must be eliminated to use as a fixed-

exit-type monochromator. For this purpose, 

equipment installed downstream of the 

monochromator is mounted on a single stage, and 

the stage automatically adjusts the height position 

of the chamber to the photon beam by 

synchronizing it to the rotation of the Si-crystal 

block.  

  Due to the limited number of undulator 

beamlines available in this energy region, the 

number of proposals for this branch continues to 

increase. Proposals request to use not only the built-

in equipment but also users’ own equipment. 

Unfortunately, the low load capacity of the 

conventional stage limited acceptable equipment. In 

FY2019, a new stage with a high load capacity was 

installed and the end-station of the B-branch was 

upgraded. 

 

Fig. 1. Photograph of the new high load stage 

installed on the B branch of BL27SU. 

  

Figure 1 shows a photograph of the newly installed 

end-station equipped with a high load stage. The 

stage at the bottom of the apparatus is the newly 

introduced part. The installation of an independent 

small stage (sub-stage) allows a user’s chamber to 

be installed with a height from the floor to the 

optical axis in the range of 100–500 mm. The load 
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capacity of the new stage is about 1,500 kg. The 

accuracy of the height correction is less than the 

beam size (~10 μm). Measuring the excitation 

energy change in an XAFS measurement confirmed 

that the sample position can be corrected. After 

installing this stage, three proposals using users’ 

equipment were performed in 2019B.  

 

2.2 Installation of a constant-temperature booth  

To achieve a high performance in imaging 

experiments, the beamline must be operated under 

the stable condition. In contrast to the hard X-ray 

beamlines, which have their own experimental 

hutch, the end-stations installed on soft X-ray 

beamline are exposed in the Experimental Hall. 

Therefore, the experimental stations and optical 

chambers are susceptible to temperature changes, 

which lead to beam instability. To suppress beam 

drift due to thermal changes of the optics chamber 

and stage, a constant-temperature booth was 

installed in FY2019. 

  Figure 2 shows a photograph of the newly 

installed temperature-controlled booth. The booth is 

comprised of an aluminum frame and vinyl sheet 

(PVC: polyvinyl chloride, t =0.15 mm). The booth 

is separated into two parts. The first part houses the 

vertical focusing mirror chamber and Si(111) 

channel-cut monochromator. Because these 

apparatuses are operated by a remote control, the 

first room is usually kept at a constant temperature. 

The second part houses the high load stage 

described in the previous section. A vertical mirror, 

differential pumping system, and analysis chamber 

are mounted on the stage. Since the user must enter 

the booth to change the sample, this environment is 

controlled separately. 

  Before installing the constant-temperature booth, 

the beam position shifted about 12 µm and 4.5 µm 

in the vertical and horizontal directions over 5 h, 

respectively. After installing the booth, beam 

instability has been significantly improved, and the 

total drift over 10 h was 1 µm and 0.5 µm in the 

vertical and horizontal directions, respectively.   

 

 

Fig. 2. Photograph of the constant-temperature 

room installed on the B branch. 
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BL28B2 

White beam X-ray Diffraction 

 

1. Introduction 

BL28B2 is dedicated to multiple techniques in 

several fields. It is a bending magnet beamline that 

uses white X-rays from a bending-magnet source 

without passing through any optical devices. 

Techniques include (1) X-ray diffraction, (2) 

dispersive-type time-resolved X-ray absorption fine 

structures (DXAFS), (3) microbeam radiation 

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

beamline supports various experiments such as 

biological functional imaging with small animals, 

fundamental research for radiation therapy, 

evaluation of structural materials using white X-ray 

diffraction imaging, observations of dynamic 

structural changes during chemical reaction 

processes in catalysis and fuel-cell batteries using 

DXAFS, and three-dimensional observations of 

metallic objects using high-energy X-ray 

microtomography. To improve measurement 

techniques using this beamline, research and 

development of experimental techniques and 

instruments were conducted in FY2019. This report 

describes the main activities. 

 

2. Beamline upgrades 

2-1. Diffraction 

In BL28B2, an area detector and a laser oscillator 

are used to confirm the position of the sample 

mounted on the diffractometer. After roughly 

adjusting the sample position with the laser beam, 

the sample is accurately positioned in the center of 

the diffractometer using a camera. A laser oscillator 

is installed outside the optical axis (Fig. 1(a)) to 

prevent inadvertently irradiating white X-rays on 

the laser oscillator. Then the sample is irradiated 

with the laser beam reflected by the mirror installed 

in the optical axis. 

  Previously, when the camera was used, the mirror 

was removed, and the camera was manually placed 

on the optical axis. The combined use of the laser 

oscillator and camera was very helpful in adjusting 

the sample position. However, the position 

reproducibility of the camera and the mirror was 

problematic. Additionally, a person had to enter the 

hutch to change the device position.  

  In FY2019, the arrangement was changed to 

solve these problems. The camera is now installed 

downstream of the mirror (Figs. 1(b) and (c) and the 

X-ray image transmitted through the mirror is 

acquired. Before the improvement, X-ray images 

were observed through a 1-mm-thick lead 

attenuator to protect the camera. After the 

improvement, even if high-energy X-rays 

transmitted through the 1-mm-thick lead attenuator 

 

 

Fig. 1. Camera and laser for sample position 

confirmation. Schematic of the position (a) 

before and (b) after the improvement, and (c) 

a photograph. 
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further passed through the mirror, the decrease in X-

ray intensity is slight. Since the camera and mirror 

are no longer switched, the reproducibility issue is 

resolved and there is no need to enter the hutch.  

 

2-2. DXAFS 

The higher harmonics elimination mirror used in the 

DXAFS cut off all or part of the X-rays reflected by 

the upstream multilayer mirror and the large-sized 

white X-ray beam. Therefore, the entire mirror 

chamber had to be removed horizontally from the 

beam axis to conduct experiments using these X-

rays. In addition, the higher harmonic elimination 

mirror and the position adjusting mechanism were 

housed in the He flow chamber. However, recent 

helium supply problems have necessitated 

improvements to the mirror system to minimize the 

use of helium gas.  

  In FY2019, the mirror system was improved (Fig. 

2(a)). The mirror chamber was replaced with a 

vacuum chamber to eliminate the consumption of 

helium gas. Figures 2(b) and (c) show the 

evacuation mode of the mirror. The movable range 

of the adjustment mechanism in the height direction 

was expanded to allow white X-rays to pass to the 

downstream hutch without breaking the vacuum in 

the mirror chamber. In addition, the reflected X-rays 

of the multilayer mirror can also be used by 

lowering the entire chamber downward via the 

height adjustment mechanism for the chamber. 

Consequently, the mirrors can be switched 

smoothly without breaking the vacuum. In addition, 

the switching time is greatly reduced.  

 

2-3. High-energy X-ray microtomography 

A dedicated X-ray imaging detector for high-energy 

X-ray microtomography was developed. This is an 

indirect, visible-light conversion–type X-ray 

detector. The incident high-energy X-rays onto the 

scintillator are converted into visible light. The 

scintillating material is a Lu3Al5O12:Ce+(LuAG) 

single crystal or ceramics. The visible-light image 

is focused on a high-definition CMOS camera 

(C13949-50U, 4096 (H) × 3008 (V) pixels, 3.45 μm 

× 3.45 µm/pixel, 12-bit ADC, Hamamatsu 

Photonics) by a relay tandem-lens system. In this 

detector, a large-format lens (Planar 135/3.5, Carl 

Zeiss) for a large-format camera is used as the first 

lens to implement a horizontal field of view up to 

50 mm, which allows large-sized fossil samples to 

be observed. By replacing the second lens, the 

effective pixel size can be changed. To avoid high-

energy X-rays entering the CMOS device directly 

and to reduce the scattered X-rays from a prism 

mirror, an “L-shaped” optical configuration in the 

horizontal plane is employed.  

  Figure 3 shows the exterior and interior views of 

the detector. The second lens shown in the figure is 

a camera lens with a focal length of 35 mm. In this 

case, the effective pixel size of the detector is 12.98 

μm × 12.98 µm. The efficiency and the modulation 

transfer function were evaluated in scintillators with 

different thicknesses and materials prior to X-ray 

microtomography. The evaluation revealed that the 

 

Fig. 2. (a) Higher harmonics–rejecting mirror 

system and schematic of the evacuation 

mode for (b) white X-rays and (c) the 

reflected X-rays of the multilayer mirror. 
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LuAG ceramics with a thickness of 500 μm is 

suitable for the effective pixel size shown above [1]. 

  As a demonstration of X-ray microtomography 

with a wide field of view, an elliptical nodule was 

measured as a fossil sample. Figure 4(a) shows a 

photograph of the nodule. In this measurement, the 

distance between the nodule and the detector was 

set to 3 m. Then, the effective pixel size at the 

sample position was 12.15 μm  × 12.15 µm 

because the projection image was slightly 

magnified by the long propagation distance from 

the sample to the detector. Hence, the horizontal 

field of view in the projection image was 49.8 mm. 

The number of projections was 7200 and the 

exposure time was 25 msec. Since the effective 

beam size along the vertical direction in the 200-

keV region was less than 2 mm, the nodule was 

scanned along the vertical direction at 1.42 mm per 

step to observe the whole shape. Figure 4(b) shows 

the cross-sectional images in different orthogonal 

directions. The inside of the nodule and the fossil of 

a shell indicated by arrows were clearly observed. 

Figure 4(c) shows the three-dimensional view of the 

shell. A fossil inclusion was clearly observed with 

the developed X-ray detector.  

 

 

Fig. 4. (a) Photograph of a nodule. (b) X-ray 

tomographic images of the nodule in XY, XZ, 

and YZ planes. Scale bar: 5mm. Here, the 

XY plane is perpendicular to the rotational 

axis. (c) Three-dimensional view of a fossil 

inclusion (indicated by the arrows). 

 

Masato Hoshino1, Keiji Umetani*1, Kazuo Kato*1, 

and Kentaro Kajiwara*2 

 

Fig. 3. Exterior and interior of the X-ray detector 

for wide field of view imaging. 
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High-Resolution Inelastic Scattering 

 

1. Introduction 

BL35XU is dedicated to investigations of the 

dynamics in materials using inelastic X-ray 

scattering. Recently, the beam time has been 

allocated 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 

energy resolution is 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 less than 80 m × 80 

m (FWHM). This supports measurements of small 

samples with a size of < 1 mm3. Due to the 

additional focusing system using the KB mirror, a 

smaller beam size of less than 20 m × 20 m 

(FWHM) is available, which allows measurements 

in extreme conditions such as a high temperature 

with a high pressure (in a diamond anvil cell).  

This beamline is used by researchers from 

diverse fields because it can directly observe atomic 

dynamics and phonons in solids. For example, the 

beamline has been used to observe the atomic 

dynamics in liquid and glass, electron–phonon 

correlations in correlated materials, elastic 

constants with high pressure, which are often 

correlated to seismology, and phonon lifetimes of 

thermoelectric materials. 

      

2. X-ray beam position monitor 

In BL35XU, the beam position was determined by 

the slits, and the X-ray path was maintained in 

accordance with the slit window. This method 

generally works, but recent requests have asked for 

more precise position determination, especially in 

the KB-mirror setup and thin-film measurements. 

Hence, a more accurate method is required. 

To estimate the beam position correctly, an X-

ray beam position monitor (XBPM) was installed in 

the X-ray path in FY2019. XPBM is composed of a 

10.5-m-thick 4H-SiC film, which is mostly 

transparent (>98%) for 18–22 keV X-rays. The 

detection area, which measures 9 mm × 3 mm, is 

divided into four regions with 10-m gaps. Due to 

the motorized translation stages, precise movement 

of XBPM can be realized. The obtained signal from 

XBPM is amplified by a four-channel picoammeter. 

These specifications are the same as those in the 

XBPM system recently installed at BL43LXU [1].  

Figure 1 shows the beam position close to the 

sample position (500 mm from the sample) with an 

energy scan (from −40 meV to 80 meV, Fig 1(d)). 

During the measurements, slit conditions were the 

same as before. The total intensity did not change 

during the energy scan (Figs. 1(a) and (b)). This 

result has been confirmed by other (apd) monitors. 

However, the beam shifted around 60 m in the 

horizontal direction during the energy scan, but it 

was mostly stable in the vertical direction. In the 

measurements, because XBPM was located 500 

mm away from the sample position, the above shifts 

mostly correspond to those at the sample position. 

The 60-m shift in the 120-meV scan corresponds 

to the angle drift of the backscattering crystal of 1.5 

rad/K. In the future, this XBPM can be moved to 

an arbitrary location in the X-ray path due to the 
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high X-ray transmission and compactness of the 

system.     

 

 

Fig. 1. X-ray position dependence with an energy 

scan. (a) Total flux obtained from XBPM. (b) 

and (c) Horizontal and vertical position 

shifts in the energy scan. (d) Corresponding 

IXS energy scan (−40 meV to 80 meV). 

 

3. X-ray beam position camera 

Installing an X-ray camera at the sample 

position is meaningful for two reasons. First, similar 

to XBPM, the camera can estimate the beam 

position change. Compared to XBPM, a camera is 

usually better suited to detect rapid position 

fluctuations. Second, a camera can estimate the 

beam size at the sample position precisely. These 

features are useful, especially for KB setups. For the 

newly installed camera, LuAG:Ce is used for the 

scintillator, realizing high spatial resolution 

measurements of 200 nm [2]. Combining this 

scintillator with a 20× magnification lens and a 

CMOS camera with the 1920×1200 pixels (pixel 

size: 5.86 m × 5.86 m) yields an active detection 

area of 560 m (H) ×350 m (V).  

Figure 2 shows the results of the X-ray camera 

in the normal setup. The observed beam size was 71 

m (H) × 43 m (V), which is similar to the values 

obtained by the slit scan. In the previous camera 

system, where P43 was utilized, the observed beam 

size was much larger than that in the slit scan, and 

was less reliable to determine beam size. It should 

be noted that the beam fluctuates vertically (around 

10 m) over several Hz. Neither the slit scan nor the 

previous camera detected such fluctuations. Hence, 

the effect of this fluctuation on the experiments 

must be considered.  

 

 

Fig. 2. X-ray image at the sample position. 

 

Hiroshi Uchiyama 

Precision Spectroscopy Division, Center for 
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BL37XU 

Trace Element Analysis 

 

1. Introduction 

BL37XU is a hard X-ray undulator beamline for 

trace element analysis and chemical/elemental 

imaging dedicated to various X-ray spectroscopy 

methods such as scanning X-ray 

micro-spectroscopy, full-field spectroscopic 

imaging, depth-resolved XAFS, and ultratrace 

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. In FY2019, BL37XU operated 

smoothly and almost all users completed their user 

time as scheduled. To activate the use of 

high-energy X-rays, which is one of the strengths 

of BL37XU, a high-energy detector was installed 

and the instrument performance was upgraded as a 

scanning micro-spectroscopy system using a 

high-energy nano-focused beam in FY2019.  

 

2. X-ray fluorescence detector system 

The Kirkpatrick-Baez (KB) mirror focusing system 

was upgraded in FY2018 to enable the use of 

high-flux nano-focusing beams in the high-energy 

region [1]. However, the conventional Ge 

solid-state detector (SSD) could not fully utilize 

the high-flux beams because of the increase of 

dead-time due to the increase of the counting 

rate.In FY2019, a high-counting Ge SSD and a 

high-counting digital signal processor (DSP) were 

installed to realize X-ray fluorescence analysis 

using a high-energy nano-focusing beam. Figure 1 

shows the current layout of the scanning X-ray 

micro-spectroscopy measurement system. 

 

Fig. 1. Layout of the scanning microscopic 

XRF/XAFS measurement system. 

 

3. Ge SSD 

The Ge SSD (EGX10-06-CP5-PLUS-WC; Mirion 

Technologies) is equipped with a CUBE 

preamplifier and has a high counting rate. The Ge 

SSD is cooled by electrical cooling (Cryo-Pulse 5 

Plus), which does not require a liquid-nitrogen 

supply. All the waste heat from the detector is 

discharged to the chiller outside the hutch along 

with water cooling, improving the thermal stability 

in the experimental hutch. In addition, the Ge SSD 

can be used together with the 100-nm focused 

beam as there is no vibration associated with the 

air-cooling fan. 

  Figure 2 compares the spectrum of NIST 

SRM612 (a standard reference material consisting 

of soda-lime glass with about 40 ppm of various 

trace elements) to Ge SSD and the silicon drift 

detector (SDD). Both Ge SSD and SDD had 

similar detection sensitivities up to about 20 keV. 

The detection sensitivity of SDD decreased above 

20 keV, whereas the Ge SSD had a high detection 

sensitivity, even above 30 keV. The increases in the 

62



 

Public Beamlines 

Title 
sensitivity and efficiency of scanning X-ray 

micro-spectroscopy measurements are attributed to 

the installation of the Ge SSD. 

 

 

Fig. 2. XRF spectra of NIST SRM612 obtained by 

SSD (red) and GeSSD (blue). 

 

4. DSP 

The DSP with a pileup separator system 

(APU8011S; TechnoAP) was installed as the 

readout processor for the Ge SSD. Although dead 

time and signal pileup occur in the high-count 

region, the pileup signal is separated in real time 

by the pileup separator processer installed in the 

hardware, yielding correct energy information. As 

a result, high-counting measurements can be 

achieved.  

  By combining these systems with the existing 

on-the-fly scan system, high-speed 2D XAFS/XRF 

can measure not only the region of interest (ROI) 

but also the full X-ray fluorescence spectrum. 

 

Kiyofumi Nitta and Oki Sekizawa 

Spectroscopic Analysis Group I, Spectroscopy 

and Imaging Division, Center for Synchrotron 

Radiation Research, JASRI 
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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 

electron 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. Recent developments have focused on 

X-ray spectroscopy measurements under multiple 

extreme and complex 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 FY2019, three projects were undertaken.  

(1) The vacuum chamber of the XES spectrometer 

was installed to complete the system for 15 crystals, 

and three kinds of analyzer crystals were installed 

to extend the emission energy range. (2) The 

electromagnet for XMCD measurements under 

multiple extreme conditions was opened to users. 

(3) Two-dimensional (2D) XMCD imaging using 

the on-the-fly method was developed. 

 

2. Experimental station for X-ray spectroscopy 

under multiple extreme conditions 

2-1. X-ray emission spectrometry with multiple 

analyzer crystals 

To study the electronic and magnetic states of 

strongly correlated electron systems at BL39XU, 

instrumentations for X-ray spectroscopy under 

multiple extreme conditions such as high/low 

temperature, high magnetic field, and high pressure 

has been progressing [1]. XES is an especially 

powerful tool to obtain detailed information about 

electronic states such as valence, spin, and 

coordination states. Due to the weak emission 

signals of trace elements, a long time is typically 

necessary to acquire accurate XES spectra. To 

overcome this, a high-efficiency XES spectrometer 

equipped with multiple analyzer crystals has been 

under development since FY2016.  

  In FY2019, a vacuum chamber for the XES 

spectrometer was installed to avoid degradation of 

the emission X-ray intensity by the X-ray path 

among sample, analyzer, and detector. Figure 1 

shows a photograph of the XES spectrometer. 

Except for the sample and detector positions, which 

correspond to the X-ray emission and focal points, 

respectively, the X-ray path for the emission X-rays, 

which includes the analyzer crystals, is in a vacuum. 

The vacuum chamber provides the emission 

intensity from all 15 analyzer crystals, while 

Fig. 1. New vacuum chamber of the X-ray emission 

spectrometer with 15 analyzer crystals. 

Three towers, each of which can mount a set 

of five analyzer crystals, are mounted inside 

the chamber, whereas the emission point 

(sample) and focal point (detector) are 

located outside the chamber. 
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suppressing X-ray absorption due to air and window 

materials (Kapton film). Hence, the efficiency for 

the XES measurements is advancing. Consequently, 

the XES spectrometer can observe the spectra of a 

dilute element of Eu 5 ppm involving in Mn 

compounds.  

  Five analyzer crystals of Ge 400, Ge 620, and Si 

620 were installed to extend the emission X-ray 

energy. Particularly, the extension of the lower-

energy region below 4.8 keV is desired for use of Ti 

Kα and Ba Lα emissions. Figure 2 shows the 

combination of five Ge 400 crystals with the high-

efficiency XES spectra for both Ti Kα and Ba Lα 

emissions.  

  To use the 15 analyzer crystals, Ge nnn and Ge nn0 

are currently available to select the X-ray emission 

energy. However, to extend the available X-ray 

energy range for high-efficiency measurements, we 

plan to facilitate analyzer crystals sequentially. 

  Users for performing the XES spectroscopy has 

gradually increased. In FY2019, about 40% of the 

beamtime was user occupied. Additionally, the 

research fields have expanded to include strongly 

correlated electron systems, chemical analysis, and 

Earth/environment science. This diversity has led to 

a demand to select a degree of freedom in emission 

lines of target elements. To facilitate a wider X-ray 

range, we plan to amplify different types of analyzer 

crystals. 

 

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, high pressure, etc.). The 

merit of an electromagnet with a large sample space 

is that it is easier to build an experimental setup that 

can be combined with various kinds of external 

fields such as an electric field, electric current, and 

optical lasers. In FY2018, a new electromagnet, 

which can combine an additional large sample 

space and a magnetic field much higher than that 

previously available, was installed to enhance the 

advantage of the experimental setup with the 

existing electromagnet. The electromagnet is 

already opened to users requiring a magnetic field 

above 2 T. However, measurements at room 

temperature are currently limited. 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. 

In the near future, a helium-flowing type cryostat 

will be installed for temperature-dependent 

measurements. 

  This upgrade should inspire research in materials 

science, magnetism, spintronics, and applications 

for industrial products. Potential applications 

include the development of high-performance 

permanent magnets with very little use of rare earth 

elements such as Dy, elucidation of the functions of 

Fig. 2. XES spectra for (a) Ti Kα1,2 emission in Ti 

foil and (b) Ba Lα1 emission in a BaO pellet 

using five Ge 400 analyzer crystals. 
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strongly correlated materials, development of 

spintronics and magnetic storage devices operating 

under external electric and magnetic fields, and 

studies on peculiar magnetism emerging under high 

pressure. 

 

3. Experimental station for X-ray 

nanospectroscopy 

Since FY2011, a scanning hard X-ray nanoprobe 

has been developed for XAFS/XMCD microscopy 

at the X-ray nanospectroscopy station in 

experimental hutch 2  [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. However, a long time is required to obtain 

a 2D XMCD image due to the conventional step-

scan method. In FY2019, a 2D XMCD scanning 

microscopy was developed using the on-the-fly 

method [4]. Specifically, a multi-channel gate circuit 

synchronized with fast switching of X-ray polarity 

was developed. If the helicity switching is very fast 

compared to the position movement and sampling 

time, then the XMCD signal can be considered as 

an acquisition at the same position, even if the 

sample position is moving.  

  Figure 4 shows an example of a 2D XMCD image 

around Fe K-edge in Y3Fe5O12 film using a four-

element silicon drift detector. Here, the beam size at 

the sample position was 130 nm (horizontal) × 170 

nm (vertical), and the estimated photon flux was 7 

× 1011 photons/s at 7.113 keV. Using a helicity-

switching frequency of 37 Hz, a scanning speed of 

10 μm/s, and a sampling rate of 500 ms/point, the 

acquisition time in this area was about 16 min. 

Compared to the conventional step-scanning 

method, which required 60 min, this is a significant 

time reduction. Even with the shorter time, the 

magnetic domain structure was clearly observed. 

Moreover, the currently developed on-the-fly 

technique is compatible with 2D XMCD imaging in 

the fluorescence detection mode and will be useful 

Fig.3. New electromagnet for X-ray spectroscopy 

experiments under extreme conditions 

installed in the experimental hutch 1 of 

BL39XU. 

Fig. 4. 2D XMCD image at the Fe K-edge (7.113 

keV) in Y3Fe5O12 film. Field of view is 

200 μm × 200 μm (40×40 pixels). 

66



 

Public Beamlines 

Title 
to study magnetic thin films and micro-magnetic 

devices in dynamic processes [5].  

 

Naomi Kawamura, Hitoshi Osawa, Masaichiro 

Mizumaki, and Motohiro Suzuki 

Spectroscopic Analysis Group II, Spectroscopy 

and Imaging Division, Center for Synchrotron 

Radiation Research, JASRI 
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BL40XU 

High Flux 

 

1. Introduction 

BL40XU is dedicated to various experiments 

involving a high flux X-ray beam. It 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 characteristics, various experiments 

such as diffraction, scattering, and imaging are 

conducted in experimental hutch 1 (EH1), while 

crystallography and pump-probe experiments are 

performed in experimental hutch 2 (EH2). 

 

2. EH1 

EH1 usually supports time-resolved X-ray 

diffraction, X-ray single-molecule measurements, 

and microbeam diffraction/scattering experiments 

on bio-soft materials.   In FY2019, due to the strong 

demand from X-ray fast-imaging users, a 

microsecond X-ray shutter was constructed. Since 

the high-brilliance X-rays of BL40XU are used for 

high-speed measurements, the X-ray exposure time 

must be limited to prevent radiation damage to the 

sample. Similarly, the detector side in the case of 

high-speed X-ray imaging with a scintillator and 

high-speed/high-sensitive camera requires a limited 

exposure time. The intense irradiation of a signal 

with a longer exposure time causes stray charges to 

accumulate in the pixel memory, inducing signal 

saturation. This situation necessitated a 

microsecond shutter. 

  A microsecond-order X-ray shutter system was 

assembled and evaluated using an X-ray rotary 

(Rot) shutter and a Galvano-type (GV) high-speed 

X-ray shutter. The system realizes an X-ray 

cropping of 20–30 μs. A Rot shutter, which is 

permanently installed at BL40XU, is used, and a 

GV shutter is located downstream of the Rot shutter. 

These shutters are synchronized based on the 

rotation sync signal by the preset scaler (N-TM 

105a, Tcnland) and a digital delay generator 

(DG645/DG535, Stanford Research System).  

  Figure 1(a) shows the specifications of the Rot 

shutter, which typically operates with a rotating 

speed of 16,000 rpm. The Rot shutter can extract X-

ray in pulses of 5.5 μs (R=55 mm), 15 μs (R=50 

mm), or 45 μs (R=45 mm), depending on the shutter 

position of the X-ray beam. The GV shutter is made 

of tantalum (1-mm thick, 4-mm wide, and 4-mm 

high) and is rotated by 15 degrees on a GV scanner. 

  Figure 1(b) shows the extracted X-ray signals by 

the Rot and GV shutters as a function of time. The 

shutter was tested in operation mode A (equally 

spaced 203 bunches) and the X-ray signal was 

detected by a PIN photodiode, which is located 

downstream of the GV shutter. The solid black line 

and the red dashed line are the synchronization 

signal of the Rot shutter (Sync Out) and the X-ray 

intensity signal (only Rot shutter) when the 45 μs 

(R=45 mm) Rot shutter was used, respectively. The 

purple dashed line shows the X-ray intensity signal 

for the 1.8-ms open GV shutter. About 200 μs were 

required to open and close the GV shutter, and a 

millisecond cutout was sufficient with the GV 

shutter. The solid blue, green, and red lines show the 

results of X-ray cutouts of 5.5 μs (R=55 mm), 15 μs 

(R=50 mm), and 45 μs (R=45 mm) in combination 
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with Rot and GV shutters, respectively. Based on 

the synchronized signal of the Rot shutter, adjusting 

the opening time of the GV shutter extracted a 

microsecond-order X-ray. 

  Since BL40XU mainly uses quasi-monochromatic 

X-rays, the Rot shutter is used mostly to reduce the 

X-ray intensity without changing the incident X-ray 

energy profile. However, it is also useful for the 

microsecond-order X-ray shutter, which can be 

utilized in high-speed imaging with a high frame-

rate camera (e.g., 107 fps).  

 

3. EH2 

EH2 supports single-crystal X-ray diffraction. 

Diffraction mapping using a focused beam and 

time-resolved X-ray imaging experiments are 

performed. In FY2013, an optical-trap sample 

holder was developed for single nanometer-sized 

particle measurements.  

  It is well known that structural parameters of 

nanometer-sized particles are affected by crystallite 

size and mechanical contact. However, in 

traditional powder diffraction, the structural 

parameters of nanometer-sized particles are the 

average values for the whole particle assemblage, 

which has a certain crystallite size distribution. To 

investigate the structural properties of a nanometer-

sized particle, it is important to determine the crystal 

structure and crystallite size of a single particle 

simultaneously. Additionally, a contactless sample 

holder should realize precise structural 

measurements of a small particle without the extra 

strain from the sample holder. 

  In FY2019, a single-beam optical-trap sample 

holder for X-ray diffraction measurements was 

developed as a contactless sample holder [1]. A 

TEM00-mode Gaussian beam emitted from an 

optically pumped semiconductor laser (532 nm, 

1W) is focused with a non-spherical lens with a 

numerical aperture of 0.5 and a focal length of 8 mm. 

A sample particle with a high refractive index is 

levitated and trapped by an optical gradient force at 

the focal point of the laser in air without mechanical 

contact. The maximum particle size that our optical 

trap can manipulate is up to almost 500 nm.  

  Combining the optical-trap sample holder with 

focused synchrotron radiation realizes X-ray 

diffraction measurements of a single nanometer-

sized particle. Figures 2(a) and (b) show a schematic 

Fig. 1. Microsecond shutter (SH) with rotary (Rot) 

and Galvano (GV)-type shutters. (a) 

Specifications of Rot SH. (b) X-ray 

exposure signals from only Rot SH (dashed 

red line), only GV SH (dashed purple line), 

and Rot & GV SHs (solid lines). 
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diagram of the optical-trap sample holder and a 

photograph of the sample cell. In Fig. 2(b), a non-

spherical lens is attached to the side face of the 

sample cell. The optical-trap sample holder is 

mounted on XYZ positioning stages and aligned by 

the stages to maintain the overlap between the 

levitating sample and the focused synchrotron 

radiation during a diffraction measurement. 

  To evaluate the optical-trap sample holder, X-ray 

diffraction images of a single ZnO particle were 

obtained. The particle was a standard reference 

material, ZnO (NIST Standard Reference Material 

674b) with a crystallite size of 201.4 ± 2.5 nm. In 

the optical-trap sample holder, the position jitter of 

the single ZnO particle in the X, Y, and Z directions 

were 0.56, 0.42, and 0.15 μm, respectively.  

  Figure 2(c) shows a photograph of the single ZnO 

particle in the optical-trap sample holder. The 

particle looks larger than its true size due to the 

blooming effect of the CCD camera. The beam sizes 

of the focused synchrotron radiation (15 keV) at the 

focal point were 3.0 μm in the X direction and 1.5 

μm in the Z direction. The photon flux density was 

3 × 109 photons/s/mm2.  

  Figure 3 shows the diffraction image of the single 

ZnO particle held in the single-beam optical. The 

image shows a Debye ring pattern, which is similar 

to the powder diffraction pattern of the assemblage 

of ZnO particles. The Debye ring pattern was 

mainly attributed to the irregular rotation of the 

particle. Unfortunately, the Debye ring pattern of 

the single ZnO particle had an azimuthally 

inhomogeneous intensity distribution, which made 

it difficult to apply the Rietveld method to the 

diffraction pattern of the single ZnO particle. The 

lattice parameters were determined to be a = 3.2505 

± 0.0005 Å and c = 5.207 ± 0.006 Å using the 

diffraction angles and Bragg’s equation. The 

crystallite size of the single ZnO particle was 

determined by the Scherrer method to be 193.4 ± 

26.2 nm, which is consistent with the crystallite size 

of the assemblage of ZnO particles (NIST 674b).  

Fig. 2. (a) Experimental setup of the single-beam 

optical-trap sample holder and the X-ray 

diffractometer. (b) Photograph of the sample 

cell used for the optical trap. (c) Photograph 

of the single ZnO particle during levitation.  

 

Fig. 3. X-ray diffraction image of the single ZnO 

particle. 
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  Further developments are necessary for the device 

to be user controllable. The single-beam optical-

trap sample holder will be available for user 

experiments in 2021A. 

 

Hiroshi Sekiguchi, Nobuhiro Yasuda, Yoshimitsu 

Fukuyama, Koki Aoyama, and Hiroyuki Iwamoto 

Diffraction and Scattering Group I, Diffraction 

and Scattering Division, JASRI  

 

Reference: 

[1] Fukuyama, Y. et al. (2020). J. Synchrotron Rad., 

27, 67–74 . 

 

 

71



 

Public Beamlines 

Beamlines Title 

BL40B2 

Structural Biology II 
 

1. Introduction 

A common application of BL40B2 is small-angle 

X-ray scattering measurement for soft materials 

such as proteins, synthetic polymers, and micelles. 

The beamline utilizes a 1-m long bent-cylinder 

mirror to provide a 200 μm × 200 μm focal spot at 

a detector. These devices are located at distances 

of 40.7 m and 58.6 m from a bending magnet light 

source, corresponding to a magnification ratio of 

about 1/2 in the collection optics. The X-ray 

energy can be selected from the range of 6.5 keV 

to 17.5 keV by an Si (111) double-crystal 

monochromator system. A structural scale for 

scattering measurement can be probed from 0.15 

nm to 600 nm. In FY2019, we focused on 

improving a solution scattering system and 

scattering measurement systems using 50-μm 

beam.  

 

2. The updated solution scattering system with 

an automatic-cell-cleaning  

Solution scattering experiments require the 

exchange of solutions in the same cell, so that it 

must be washed and dried. In order to improve the 

efficiency of these procedures, an automatic-cell-

cleaning system (BioCUBE, Xenocs Inc., France) 

was introduced. Figure 1 shows a schematic 

diagram of the system. The chamber of 90 mm × 

125 mm × 89 mm in size (see Fig. 2) can be 

evacuated to vacuum in order to keep lower 

background level. The cell consists of a quartz 

capillary with 1.1 mm or 2 mm in diameter (see 

Fig. 3), and it is possible to automatically transfer 

a small amount of liquid injected into the funnel 

to the capillary onto the optical path (see Fig. 1). 

We are planning to conduct a connection test with 

beamline devices in FY2020. 

 

 

Fig. 1. A schematic diagram of sample transfer, 

cleaning and drying system.   

 

 

Fig. 2. Chamber of a transfer-and-cleaning system. 

 

 

3. Improvement of scattering measurement 

system using 50-μm beam 

When the user wants to use the reduced irradiation 

area to 50 μm in diameter, a pinhole is placed just 

upstream of the sample on an optical path. To 

improve the measurement efficiency, we installed 

a bent cylinder mirror in an experimental hutch 

and confirmed a 51 μm × 55 μm focal spot. The 
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focused beam on the sample has been provided 

since FY2018. However, the upper range of X-ray 

energy is limited to 9 keV, because the angle of 

incidence of the mirror with the fixed sagittal 

curvature must be set to 6.5 mrad due to focus on 

the sample position.  

To enlarge the energy range of the total 

reflection, an iridium-coated cylindrical mirror 

was installed (see Fig. 4). It has extended the 

range up to 11 keV with a flux of more than 8 

times that of the previous rhodium-coated mirror. 

As a consequence, we have a 20 % wider Q-range 

available by changing X-ray energy. It will greatly 

contribute to improve usability and the efficiency 

of the molecular arrangement measurement 

confined in the nanometer space [1,2].  

 

Noboru Ohta and Hiroshi Sekiguchi 

Diffraction and Scattering Group I. Diffraction 

and Scattering Division, JASRI 

 

References: 

[1] S. Nakano et al., J. J. Appl. Phys., 52 (2013) 

035002.  

[2] K. Tomita et al., P. C. C. P., 20 (2018) 13714-

13721.  

 

 

 

 

 

 

Fig. 4. Ir-coated cylinder mirror of BL40B2 

experimental hutch. 

 

Fig. 3. Quartz capillary and camera to control the 

transfer inside the chamber. 
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BL41XU 

Structural Biology I 
 

1. Introduction 

BL41XU, which uses an undulator as a light source, 

is dedicated to public macromolecular 

crystallography (MX). To meet a wide range of 

needs in structural biology research, the beamline 

offers two operation modes: the normal mode (NM) 

and the high-energy mode (HM).  

  NM can perform experiments using an X-ray 

energy range of 6.5–17.7 keV in experimental hutch 

2 (EH2). NM is mainly used for the 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), which is one of the highest-

flux in MX beamlines in the world. Since the beam 

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

20 µm (H) × 45 µm (V), it can handle various 

samples with sizes ranging from a few micrometers 

to several hundred micrometers.  

  HM allows for data collection using high-energy 

X-rays from 20 keV to 35 keV in experimental 

hutch 1 (EH1). Here, we report our activities in 

FY2019. 

 

2. Installation of sample changer SPACE for HM 

NM can exchange samples in 16 s using the sample 

changer SPACE-II [1]. However, samples had to be 

manually changed at HM, which led to 

experimental inefficiency. Moreover, since the 

sample preparation table is located downstream of 

EH2, the manual sample exchange requires a 10-m 

walk, which causes further inefficiency. To address 

this, a conventional SPACE system was installed at 

HM (Fig. 1). Although it takes 1 min to exchange 

samples and accommodates a maximum of four 

Uni-Pucks, which corresponds to 64 samples, the 

throughput and capacity of SPACE are sufficient 

for ultrahigh-resolution data collection, which is the 

main purpose of HM. Liquid nitrogen is 

automatically supplied to SPACE from a 100-L 

liquid-nitrogen tank, which allows for successive 

operations for three days. Since 2019B, SPACE has 

been available to users. 

 

Fig. 1 SPACE for HE. 

 

3. Development of a new sample viewing system 

The sample viewing system for positional 

alignment was upgraded. Previously, microscope 

images were captured and displayed on a PC display 

using software, videosrv. However, videosrv is not 

compatible with the latest digital camera because it 

can only accommodate analog CCD or CMOS 

cameras, which are now obsolete. Therefore, 

videosrv was upgraded using the OpenCV library, 

and GigE digital cameras were installed for both 

HM and NM. In addition, an application was 

developed to set up the digital camera, tune white 

balance, etc. The new software was designed to 

have a high variability so that it can accept any kind 
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of digital camera with a USB, GigE, or Camera Link 

interface. This new viewing system will also be 

installed on the other MX beamlines. 

 

Fig. 2. Newly installed digital CMOS camera. 

 

4. Upgrade of data collection software BSS 

All MX beamlines at SPring-8 use software, BSS, 

for data collection. To adapt to different hardware 

installed at various beamlines (e.g., detector), the 

source codes of BSS are becoming large. Currently, 

BSS has more than 100,000 lines of code. This large 

source code written in C programming language 

deteriorates the maintainability and scalability, 

making it difficult to add new functionality.  

  To improve the situation, the source code was 

rewritten in the C++ programming language, which 

enables object-oriented style coding. This upgrade 

also allows the latest open source libraries such as 

ZeroMQ to be used, which not only enables robust 

inter-process communication but also enhances the 

stability of BSS. Another upgrade to decouple the 

GUI from the main part of BSS is currently 

underway in an effort to further improve the 

scalability. 

 

5. Miscellaneous 

Software to control the temperature of the cryo-

stream system on the data collection PC was 

developed. When helium gas is used for sample 

cooling, the temperature of cryo gas is frequently 

changed because it must be warmed up at 100 K 

prior to sample exchange to avoid freezing of the 

liquid nitrogen. The new software has a web-based 

GUI (Fig. 3), which makes it easy to change the 

temperature. It also records the temperature in a log 

file, allowing the temperature to be traced during an 

operation. 

  For future increases in data, a 25-Gbps high-speed 

network that connects the beamline to the storage 

room was implemented. 

Fig. 3. GUI for the cryo-stream control software. 

 

Kazuya Hasegawa*1, Hironori Murakami*1, 

Takuya Masunaga*1, Tomoki Fukui*2, Seiki 

Baba*1, Nobuhiro Mizuno*1, Hideo Okumura*1, 

Yuki Nakamura*1, Takashi Kawamura*1, 

Nakabayashi Makoto*1, Fumie Ogura*1, Aimi 

Osaki*1, and Takashi Kumasaka*1 

*1 Protein Crystal Analysis Division, JASRI 

*2 Engineering Support Group, JASRI 
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BL43IR 

Infrared Materials Science 

 

1. Introduction 

BL43IR is dedicated to infrared microspectroscopy 

in the wavenumber region from 10000 cm−1 to 100 

cm−1. The beamline has three microscopes: a high 

spatial resolution microscope, a long working 

distance microscope, and a magneto-optical 

microscope. The microscopes are used with a 

Fourier transform spectrometer. We are developing 

new instruments for microspectroscopy not only as 

countermeasures against deterioration of equipment 

already in operation but also to recruit new users for 

various sample environment. 

 

2. Replacement of the CCD observation system 

We had five CCD cameras for beam alignment in 

the upper part of the beamline light path. Figure 1 

shows the camera locations. The CCD camera 

shown is connected to a power supply/signal I/O 

(Fig. 2(a)) and a signal switcher (Fig. 2(b). The 

system is approximately 20 years old. Some of the 

devices malfunctioned, and were replaced with new 

components in FY2019. Figure 2(c) shows the 

camera that was replaced with an easy-to-replace 

availability. The signal I/O switcher was also 

replaced with one that provides the necessary and 

sufficient functions (Fig. 2(d)).  

 

3. Replacement of the Hyperion microscope 

power supply 

The Hyperion observation light was abruptly cut off 

and the optical setting was unexpectedly rebooted. 

This was conceivably due to an unstable light bulb, 

which could be solved by replacing it. However, 

further investigations revealed that the issue was 

due to an unstable power supply. The power supply 

was replaced with a spare one, and now all the 

optics are functioning correctly. Figure 3 shows the 

location of the power supply for the microscope. 

Fig. 1. CCD cameras for mirrors (a, b, c) and for 

direct observation of light (d, e). M: mirror, 

W: window. 

Fig. 2. (a) Old and (c) replaced observation CCD 

camera and (b) old and (d) replaced 

camera-related components. 
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Fig. 3. Power supply for the microscope, which is 

located at the center of the image, was 

replaced in FY2019. 

 

4. Humidity control cell 

To perform infrared microspectroscopy measure-

ments under humidity control conditions, a 

humidity control cell was developed in FY2018 

with reference to [1]. It was used in many user 

experiments and contributed user expansion. In 

FY2019, the cell was modified to increase the 

feasibility of the high-humidity region.  

  Figure 4(a) shows a schematic illustration of the 

cell. In an experiment, a small amount of sample 

was placed on a BaF2 substrate and inserted into the 

humidity control cell. The cell had a BaF2 window 

to pass infrared light. The atmosphere in the cell 

was controlled by a mixing device (RIGAKU model 

HUM-1E), which mixed N2 gas (99.99%, generated 

by a KOFLOC model MNT-0.8SI nitrogen gas 

generator) and water vapor at the specified ratio. 

The water used in the mixing device was purified 

through a Millipore model Elix Advantage-3 Water 

Purifier. The humidity-controlled gas was 

transported through a copper pipe to the cell from 

the mixture device. In the higher humidity region, 

the water vapor was adsorbed by the pipe but the 

humidity in the cell remained below about 80%. The 

red line in Fig. 4(a) shows the path.  

  To prevent water vapor adhesion, the pipe was 

wrapped with a ribbon heater and mildly heated. 

Figure 4(b) shows a photograph of the cell with the 

heater wrapped around the pipe. With this 

modification, the humidity in the cell could be 

raised up to 98%. Consequently, this setup makes it 

possible to observe new phenomena in the high 

humidity region. 

 

Fig. 4. (a) Schematic illustration of the cell and (b) 

photograph of the cell with the heater 

wrapped around the pipe. 

 

Taro Moriwaki and Yuka Ikemoto 

Spectroscopy and Imaging Division, Center for 

Synchrotron Radiation Research, JASRI 
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BL45XU 

Structural Biology III 

  

1. Introduction 

BL45XU is a macromolecular crystallography 

(MX) beamline dedicated to providing an 

experimental environment suitable for high-

throughput diffraction data collection using high-

flux X-rays from synchrotron. BL45XU was 

recently reborn as a high-throughput automatic MX 

beamline. Previously, it was operated as a SAXS 

beamline.  

 

2. Beamline optics  

The design of the new BL45XU is based on the 

time-proven undulator MX beamlines BL41XU and  

BL32XU, which can produce micrometer-order 

high-flux beams devoted to data collection from 

low-diffractivity crystals, including micro-

crystals [1,2]. In FY2019, the in-vacuum tandem 

vertical undulator and diamond double crystal 

monochromator were replaced with SPring-8 

standards (Fig. 1). The available energy range is 

6.5–16 keV. The beam size irradiated at the sample 

position can be varied from 5 µm (H) × 5 µm (V) to 

50 µm (H) × 50 µm (V) with a photon flux of 5.70 

× 1012 – 1.75 × 1013 photons/s at 12.4 keV by 

adjusting the aperture of the virtual source slit and 

glancing angles of the vertical and horizontal 

focusing mirrors [3] (Fig. 1 and Table 1). 

 

 

 

 

Fig. 1. Optics layout at BL45XU 

 

 

Table 1. Photon flux and beam profile at the sample position
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3. Automatic measurement system 

To achieve fully automated data collection, a 

computer-controlled diffractometer and its 

supporting devices such as a high-speed sample 

changer SPACE-II [4] and a large-area pixel array 

detector were installed in the experimental hutch 

(Fig. 2). Device control for diffraction experiments, 

adjustment of the optics, beam size change, and 

beam position adjustment of the X-ray are all 

performed with the SPring-8 MX beamline control 

software BSS [5]. Moreover, the fully automated 

data collection system ZOO [6] is available at 

BL45XU, realizing unmanned collection of 

diffraction images while optimizing the absorbed 

dose in various experimental schemes such as the 

normal rotation, the multiple small-wedge, the 

helical and the SSROX schemes [7]. The measured 

diffraction images are automatically processed by 

the KAMO system [8]. Because these systems 

enable unattended automatic measurements, users 

can obtain diffraction data by sending crystals. This 

automatic measurement service at BL45XU began 

in late May 2019. From 2019A to 2019B, the 

number of users using automatic measurements has 

increased (Table 2). 

 

 

 

 

Fig. 2. Diffractometer components in the experimental hutch. 

 

 

Table 2. Results of user time in BL45XU 
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BL46XU 

Engineering Science Research III 

1.Introduction

BL46XU is an industrial applications beamline with 

an undulator light source dedicated to promoting the 

utilization of synchrotron radiation by industry. A 

multi-axis X-ray diffractometer is installed in the 

first experimental hutch (EH1). In addition, X-ray 

imaging and micro-focus X-ray diffraction are 

available in the open space of EH1. The second 

experimental hutch (EH2) has two hard X-ray 

photoelectron spectroscopy (HAXPES) systems. In 

FY 2019, an X-ray mirror system, which provides a 

grazing incident X-ray beam on thin films grown on 

surfaces of liquid, was installed for the multi-axis 

X-ray diffractometry. For HAXPES, a neutralizer

for charge compensation of insulator samples 

irradiating with high-energy electrons (up to 20 

keV) was installed.  

2. Optics and performance

The light source is a standard in-vacuum undulator 

at SPring-8 and the optics adopt a liquid nitrogen–

cooled Si (111) double-crystal monochromator. The 

tunable energy range is 4.5–37.5 keV. To eliminate 

harmonics, two Rh-coated mirrors (70-cm length, 

horizontal reflection direction) are placed in the 

most downstream part of the optics hutch. The 

mirrors can be bent for 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 developments

3.1 Grazing incidence X-ray diffraction for the 

air/liquid interface 

The multi-axis diffractometer is widely used by 

industrial researchers. In FY2019, the system to 

measure grazing incidence X-ray diffraction 

(GIXD) on thin films on surfaces of a liquid was 

installed in this diffractometer. This system was 

developed at BL19B2 in FY2018 to meet the 

demand for crystal structural analysis of Langmuir 

films grown on liquid surfaces in the field of 

air/liquid interface chemistry [1]. In experiments 

using this system at BL19B2, each GIXD profile 

measurement required more than 1 hour because X-

ray diffraction from a Langmuir film was 

significantly weak. Therefore, this measurement 

Fig. 1. Beamline layout of BL46XU. 
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system was installed in the undulator beamline, 

BL46XU, to improve the detected signal of GIXD 

from Langmuir films.  

  Figures 2(a) and (b) show a schematic illustration 

and a photograph of the GIXD measurement setup, 

respectively. Monochromatic X-rays are guided 

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

The incidence angle to the sample (2) can be 

controlled by 1. A four-dimensional slit system and 

a guard aperture are adopted downstream of the Ge 

wafer mirror to remove the X-ray scattering from 

this mirror. This apparatus can be remotely 

controlled by combining with auto x and z stages. 

Figure 2(c) shows the GIXD profile from a 

Langmuir film of 1,3,5-tris-(4-carboxyphenyl)-

benzene grown on water. The time required to 

measure a GIXD profile from Langmuir films is 

successfully reduced to about 15 minutes. 

 

3.2 Neutralizer with an electron energy of up to 

20 keV for charge compensation in HAXPES 

The HAXPES measurement system equipped with 

an electron energy analyzer is available to industrial 

researchers. It is a powerful tool to directly explore 

the electronic structure deep inside a material. For 

example, the system is applicable to 

electrode/dielectric interfaces buried in gate stack 

structures, which are not accessible by conventional 

XPS [2]. However, HAXPES measurements for 

insulator samples have suffered from a charging 

effect due to the small shift and small change in the 

shape in the photoelectron spectra. In soft X-ray 

photoelectron spectroscopy (SX-PES), the charging 

effect is generally compensated by supplying a 

flood of low-energy electrons with an electron gun. 

Because the probing depth of HAPXES is much 

larger than SX-PES, a low-energy electron flood 

gun is insufficient to compensate for the charge at 

the deeper region from surface of samples. 

Consequently, a new neutralizer electron gun with 

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

(c) GIXD profile from a Langmuir film of 1,3,5-tris-(4-carboxyphenyl)-benzene grown on surface 

of water. 
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EGF-3104 (Kimball Physics) was installed in 

FY2019. This new gun can irradiate samples with 

high-energy electrons (available energy is up to 20 

keV) . 

  The effectiveness of this neutralizer was tested by 

measuring a polished Al2O3 single crystal. Figure 3 

shows the Al 2p spectra of an Al2O3 single crystal 

with and without the neutralizer (electron energy of 

3 eV or 5.5 keV). As a reference, the spectrum for 

Al2O3 sample treated by an osmium (Os) coating, 

which is an effective method to achieve charge 

compensation [3]. When the neutralizer is off, the Al 

2p peak shifted to a higher binding energy due to 

charging the sample positively. When the 

neutralizer irradiated electrons with an energy of 5.5 

keV, the peak position of Al 2p was almost the same 

as that of the Os-coated sample. On the other hand, 

when irradiating with an electron energy of 3 eV, the 

peak position shifted to a higher energy than that of 

the Os-coated sample. It is inferred that an electron 

energy of 3 eV is insufficient to discharge the Al2O3. 

These results suggest that an electron beam of 

several keV is suitable for charge compensation in 

HAXPES measurements [4]. 

 

S. Yasuno, T. Koganezawa, K. Kajiwara, and T. 

Watanabe 

Industrial Application Division, JASRI 

 

References: 

[1] SPring-8・SACLA Annual Report FY2018, p45. 

[2] H. Oji, Y-T. Cui, J-Y. Son, T. Matsumoto, T. 

Koganezawa, and S.Yasuno, J. Surf. Anal., 21, 

121(2015).  

[3] Y. Mori, J. Surf. Anal., 12, 2, 113(2005). 

[4] S. Yasuno, J. Surf. Anal., 26, 202 (2019) 

 

Fig. 3. Al 2p spectra of an Al2O3 single crystal 

when the neutralizer is off (black), the 

neutralizer is on with an electron energy of 

3 eV (red), the neutralizer is on with an 

electron energy of 5.5 keV (green), and the 

spectrum of an Os-coated sample when 

the neutralizer is off (blue). 
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HAXPES･µCT 

 

1. Introduction 

BL47XU, which is an X-ray undulator beamline, is 

dedicated to 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 to cool the monochromator 

crystals. The available energy range is between 6 

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

monochromator. To eliminate higher harmonics, a 

set of reflection mirrors (double-bounce in the 

vertical direction) can be inserted. 

  The beamline has two experimental hutches (EH1 

and EH2), which are located just after the optics 

hutch. EH1 contains an experimental table for X-ray 

nano-CT, while EH2 contains HAXPES and micro-

CT. In FY2019, the measurement apparatuses and 

techniques for HAXPES and X-ray nano-CT were 

improved. A new wide-angle objective lens was 

installed for HAXPES and high-efficiency 

illumination optics for nano-CT was developed. 

This report describes the details.  

 

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°. It 

can precisely measure the chemical bonding state in 

a three-dimensional microdomain at a buried 

interface in combination with the φ1-μm–focused 

beam by a Kirkpatric-Baez (KB) mirror [1,2] . 

Although many beamlines are used for HAXPES in 

synchrotron radiation facilities around the world, 

BL47XU at SPring-8 is the only one that can 

perform wide-angle analysis with a micrometer-

scale resolution. In addition, the above features, 

which allow in situ HAXPES measurements for 

samples held in an atmospheric environment cell, 

were developed in collaboration with a Partner User. 

In FY2019, the fabrication and performance of a 

new wide-angle objective lens were evaluated as an 

upgrade of the HAXPES station. 

  The HAXPES end-station at BL47XU is equipped 

with a Scienta Omicron R4000 photoelectron 

analyzer (Fig. 1). The standard photoelectron 

acceptance angle of this analyzer is ±7°. However, 

installing a wide-angle objective lens, which was 

developed at SPring-8, in the front of the analyzer 

in FY2019 widened the photoelectron acceptance 

angle of the BL47XU equipment to ±32°.   

  In FY2018, an insulation failure accident occurred 

at the high-voltage electrode of the wide-angle 

objective lens. A liquid sample in an atmospheric 

environment cell leaked and adhered to the 

objective lens. To restore insulation, the wide-angle 

objective lens had to be disassembled and cleaned. 

This repair took more than four days. Similar 

accidents, which take a long time to repair, will 

shorten user’s experiment time and affect 

subsequent experiments.  

  Based on this experience, another wide-angle 

objective lens was fabricated in FY2019 so that the 

lens can be replaced if future contamination occurs. 

  For the wide-angle objective lens to work properly, 

its back focal point must be aligned with the front 

focal point of the photoelectron analyzer. The 
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optimal position of the objective lens relative to the 

analyzer is determined at the position where the 

photoelectron detection intensity is maximized. 

Therefore, the objective lens was scanned against 

the analyzer and the intensity of the HAXPES 

spectrum of gold foil was recorded. Due to the 

adjustment to the optimal position, the estimated 

energy resolution of the spectrum is 251 meV, 

which is similar to the value obtained with the 

current objective lens. Thus, the current and newly 

fabricated objective lenses provide comparable 

results. By having a backup and replacing the lens 

in the event of an insulation failure accident, the 

recovery time should be short, which will contribute 

significantly to the stable operation of HAXPES 

experiments. 

 

 

Fig. 1. Wide-angle objective lens mounted on the 

analyzer of BL47XU. 

 

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

multiscale measurement system 

The multiscale-CT system was installed at BL47XU. 

This system realizes both a high spatial resolution 

and a large field of view by combining multiple 

tomographic systems with different fields of view 

and spatial resolutions [3]. Figure 2 shows a 

schematic diagram. The system consists of a micro-

CT, a medium-resolution nano-CT, and a high-

resolution nano-CT. Table 1 lists the typical 

parameters of these three measurement modes.   

 

 
Fig. 2. Schematic diagram of multiscale-CT at 

BL47XU. 

 

Table 1. Typical parameters of multiscale-CT at 

BL47XU 

Mode µ-CT 

Nano-CT 

Med 

resolution. 

High 

resolution. 

Field of view 0.8 mm 60 µm 15 µm 

Resolution ~1 µm 150 nm 70 nm 

Voxel size 0.5 µm 70 nm 9 nm 

CT scan time 

(1800 

projection.) 

3 min 7.5 min 15 min 

X-ray energy  6–37.7 keV 6–15 keV 

Contrast 

mode 
Absorption 

Absorption /  

Zernike phase  

 

  Because a common sample stage is used, users can 

easily select one of the three measurement modes 

without dismounting the sample. The micro-CT 

using projection optics can capture the entire object. 

A visible-light conversion-type sCMOS camera 

with a typical pixel size of 0.5 µm and a field of 

view of approximately 1 mm is used as an X-ray 

camera. Two nano-CTs based on full-field X-ray 

microscopy using a Fresnel zone plate (FZP) 

objective are used for high spatial resolution 

measurements of the region of interest (ROI) of 

objects. In these two nano-CT systems, a condenser 

zone plate (CZP) and an X-ray camera are common. 
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By switching two FZPs. which have different 

parameters, the medium- and the high-resolution 

nano-CT modes are switched.     

  Table 2 shows the parameters of the FZPs. 

Although both have the same outermost zone width, 

the different diameters result in different focal 

lengths and magnification factors of the optical 

system. 

 

Table 2. Parameters of FZPs. 

FZP name 

FZP 1 for 

medium 

resolution 

FZP 2 for high 

resolution. 

Base plate Si 10 mm × 10 mm × 6.25 mm 

Membrane Ru 20 nm / SiC 2 µm / SiN 0.3 µm 

Zone material Ta 

Diameter 620 µm 85 µm 

Outermost zone 

width 
50 nm 

Thickness of 

inner-half zones 
1 µm 

Zone number 3100 425 

Focal length at 

8 keV 
200 mm 27.4 mm 

 

The magnification factor, field of view, and spatial 

resolution of the medium-resolution nano-CT mode 

at 8-keV X-rays are approximately 70, 100 µm, and 

200 nm, respectively. On the other hand, those of 

the high-resolution nano-CT mode are 

approximately 255, 15 µm, and 70 nm, respectively. 

In the nano-CT mode, the image contrast mode can 

also be easily selected between the absorption 

contrast and the Zernike phase contrast by removing 

or installing a phase plate at the back focal plane of 

the A-FZPs. 

  As a typical measurement example of the 

multiscale-CT, Fig. 3 shows CT images of a diatom 

fossil. The whole image was obtained with the 

medium-resolution nano-CT mode (Figs. 3(a) and 

(b)) and its ROI (surrounding region in Figs. 3(a) 

and (b)) was with the high-resolution nano-CT 

mode (Figs. 3(c) and (d)). In the region surrounded 

by the ellipses in Figs. 3(c) and (d), several hole-like 

structures with apertures of 45–60-nm diameter 

were resolved.  

  Figure 4 shows a nondestructive multiscale-CT 

measurement of small particles of the Orgueil 

meteorite, which is a type of carbonaceous 

chondrite. Figure 4(a) shows the CT image of the 

entire sample obtained with the medium-resolution 

mode. Figure 4(b) shows the interior CT image of 

the surrounding regions in Fig. 4(a) obtained in the 

high-resolution mode. A fibrous-like fine grained 

structure with a width of several hundred 

nanometers was clearly observed. The 

carbonaceous chondrite group might have 

originated from C-type asteroids such as RYUGU, 

which is the destination of the ongoing sample-

return mission HAYABUSA-2 of Japan. The 

Orgueil meteorite was observed as an analogous 

case for analyzing the sample to be returned by the 

spacecraft mission. Because the subdivision of the 

sample and exposure of the ROI to the terrestrial 

atmosphere may cause deterioration or destruction 

of minerals in the sample, the effectiveness of 

multiscale-CT, which enables the nondestructive 

observations of the ROI, must be demonstrated. 

  By combining the high-energy X-ray types 

operated at BL20XU, the multiscale-CTs are 

routinely used in various fields, such as biology, 

soft materials, metallic materials, ceramics, 

astronomy, batteries, and devices, for 

nondestructive three-dimensional nano-imaging of 

bulky samples. Because bulky samples are much 

easier to be treated than tiny samples, multiscale-CT 

is also frequently used for four-dimensional nano-

imaging such as in situ, ex situ, and operando 

measurements.  
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Fig. 3. Diatom fossil imaged via X-ray multiscale-CT. (a) Rendered image and (b) virtual cross-section 

measured in the medium-resolution nano-CT mode. (c) Rendered and (d) virtual cross-section of 

the surrounding region in (a) and (b) measured in the high-resolution mode. 

 

 
Fig. 4. Orgueil meteorite imaged via multiscale-CT from the orthogonal view. (a) Obtained in the medium-

resolution mode. (b) Surrounding regions in (a) obtained in the high-resolution mode.   
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5-2. RIKEN Beamlines  

 

1. Introduction 

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

of SPring-8 beamline technologies and systems as 

well as the new SACLA technologies in various 

fields of Synchrotron Radiation (SR) science. The 

RIKEN Advanced Photon Technology Division 

explores the best use of the highly brilliant SR 

sources of SPring-8 and XFEL of SACLA in diverse 

scientific fields from life science to materials 

science.  

 

2. Recent activities 

From FY2019, two beamlines using an undulator 

and a bending magnet for light sources were 

redefined as R&D beamlines. R&D focuses on 

areas that are common to all beamlines for the future 

SPring-8-II project. As the first beamline scrap-and-

swap program for the SPring-8-II project, the 

remodeling of former RIKEN beamline BL45XU to 

a high-throughput MX beamline was completed at 

the end of FY2018. BL45XU is operated as a public 

MX beamline, while the SAXS activity at the 

former BL45XU will be rearranged to RIKEN 

beamline BL38B1, which was converted from a 

public beamline, and BL05XU. 

  In addition, this division is responsible for the 

operation and user support of the 12 current RIKEN 

beamlines. RIKEN beamlines have been used to 

develop and operate new measurement methods, as 

shown below. The high-throughput and automated 

protein crystallography at BL26s and BL32XU  

provided sample centering and data collection 

without human intervention. The high–spatial 

resolution scanning SX spectromicroscope at 

BL17SU is useful in microspectroscopic studies on 

various advanced materials. The X-ray optics for 

high-energy X-rays at BL19LXU can stably supply 

100-KeV X-rays for more than a week, contributing 

to the stabilization of nano-focusing. The capability 

of BL43LXU for inelastic X-ray scattering research 

was improved with a new Kirkpatrick-Baez (KB) 

focusing mirror system and a cryomagnet system. 

  Technological developments and SR experiments 

are proceeding smoothly at four structural biology–

related, five physical science–related, and two R&D 

beamlines. Each beamline has its own 

characteristics. Below, we report on the current 

status of the RIKEN beamlines in operation and 

under commission: BL05XU, BL17SU, BL19LXU, 

BL26B1, BL26B2, BL29XU, BL32XU, BL32B2, 

BL38B1, BL43LXU, and BL44B2. 

 

Masaki Yamamoto 

Advanced Photon Technology Division, RIKEN 

SPring-8 Center 
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BL05XU  

R&D-ID 

1. Introduction 

BL05XU is used for the small-angle/wide-angle 

scattering measurements at the experimental hutch. 

Various R&D projects are conducted to upgrade the 

SPring-8 beamlines at the optical hutch.  

 

2. Recent activities 

In FY2019, the environments of the experimental 

hutch and the preparation room were improved to 

meet the demands of a wide range of experiments. 

For example, the measurement targets were 

expanded from polymer samples to other materials 

such as biological materials, which are sensitive to 

the experimental environment. An air conditioner 

was installed in the experimental hutch, which can 

control the temperature inside the hutch down to 

20 °C. Additionally, the sample preparation 

environment was also improved. A biohazard safety 

cabinet to handle biomaterials, and a deep freezer, 

which can be cooled down to −60 °C, and a CO2 

incubator to store delicate samples were installed in 

the preparation room (Fig. 1). Utilizing these 

features, various experiments, including those 

supporting the JST MIRAI Project “Innovative 

Adhesion Technology Based on 4-Dimensional 

Multi-Scale Analysis of Interface,” were conducted. 

 

 

Fig. 1. Installed instruments in the preparation room 

of BL05XU.  
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BL17SU 

RIKEN Coherent Soft X-ray Spectroscopy 

 

1. Introduction 

Over the past couple of years, efforts have been 

underway to restructure the soft X-ray (SX) 

spectroscopy beamline BL17SU into a SX 

spectromicroscopy beamline. BL17SU was 

originally constructed in 2004 to advance 

spectroscopic studies mainly for solid-state physics 

and materials science by means of conventional X-

ray absorption, photoemission, and X-ray emission 

spectroscopies. In the early phase of BL17SU, the 

spectroscopic photoemission low-energy electron 

microscope (SPELEEM, ELMITEC GmbH) [1] was 

used not only by in-house staff but also by public 

users. Since then, BL17SU has provided 

opportunities to study both the local electronic and 

magnetic domain structure of advanced materials 

with a spatial resolution of about 22 nm.  

 

2. Recent activities 

To further extend the research opportunities of 

BL17SU to microspectroscopic studies on various 

kinds of materials, we installed a versatile 

photoemission electron microscope (PEEM, 

FOCUS GmbH) in the carry-in station of the 

BL17SU b-branch in FY2016. After commissioning, 

PEEM has been available for public use since 

FY2018. We also developed a time-resolved PEEM 

measurement system using the versatile PEEM 

combined with a femtosecond laser system and a 

SX chopper [2]. Advanced research using this 

system is underway to investigate the transient 

changes of electronic and magnetic structures.  

  Figure 1 highlights the versatile PEEM. Figures 

1(a) and (b) show photographs of PEEM, while Fig. 

1(c) shows experimental results obtained during the 

commissioning phase. Figures 1(d) and (e) are 

PEEM images of the patterned Au/Si structure 

together with their local X-ray absorption 

spectroscopy (XAS) spectra in Fig. 1(f). Figure 1(g) 

is a timing diagram of the pump-probe 

measurement scheme, and Fig. 1(h) presents the 

resultant time-resolved PEEM images.  

  We have also developed a scanning SX 

spectromicroscope with a modest spatial resolution 

(300–500 nm) [3]. It is designed to study local 

electronic structures on surfaces and interfaces of 

various advanced materials under conditions 

ranging from a low-vacuum to a helium atmosphere 

by taking advantage of the photon-in photon-out 

measurement scheme. Figure 2 shows a schematic 

illustration (a) and photographs of the apparatus (b–

d) installed at the b-branch carry-in station; the end-

station is shared with the versatile PEEM. Figures 

2(e–h) show representative experimental results of 

the microspectroscopic data. In this carry-in station, 

the two instruments can be easily switched since 

they are built on slide rails. However, the scanning 

SX spectromicroscope will be moved to the a-

branch of BL17SU in the near future.
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Fig. 1. (a) Photograph of the PEEM apparatus. (b) Photograph of specially made six-axis sample manipulator, 

which allows flexibility to adopt various kinds of experiments. (c) Line profile of the step edge of a 

silver film with lithographed pattern (black dots) and fitting result (red line). (Inset) Corresponding 

position is denoted with a yellow arrow. When a UV lamp is used (~100 nm when SR is used) achieves 

a spatial resolution of ~36.7 nm. (d), (e) PEEM images of Au patchwork pattern on a Si substrate 

recorded at (d) the Si K pre-edge and (e) Si K absorption peak energy. (f) Area-selected Si K-XAS 

spectra extracted from two regions of interest (“Si” and “Au”) indicated in (d) and (e). (g) Timing 

diagram of pump-probe measurements using a laser pulse excitation. (h) Time-resolved PEEM images 

of Ni81Fe19 circular dots with a diameter of 5 m obtained at the Fe L3-edge. 
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Fig. 2. (a) Schematic-drawing, top view, of the scanning SX spectromicroscope, where TMP is the turbo-

molecular pump, FZP is the Fresnel zone plate, OSA is the order-sorting aperture, and SDD is the 

silicon drift detector. Photographs of the apparatus viewed (b) from downstream, (c) from upstream, 

and (d) around the sample. (e) Photograph of the permalloy micro-dot patterns fabricated on the Si 

substrate taken with a metallurgical microscope. (f) SX-induced fluorescence spectra recorded inside 

(red curve, point B) and outside the micro-dot (blue curve, point A). Points A and B are marked in 

(g). (g) Element-specific two-dimensional mapping of permalloy micro-dot measured by counting 

the number of Fe L X-rays. (h) Micro-XAFS recorded inside (red curve, point B) and outside the 

micro-dot (blue curve, point A) by sweeping the SX-beam energy across the Fe L2,3-edges. 

 

 

During the commissioning of the scanning SX 

spectromicroscope in FY2018, we simultaneously 

initiated microspectroscopic studies on various 

advanced materials. Since the end of FY2018, 

another scanning spectromicroscope with a spatial 

resolution less than 30 nm has been under 

development. Its commissioning will start in 

FY2020. Consequently, more than 50% of the total 

user time of BL17SU is now devoted to 

microspectroscopic studies. 

 

Masaki Oura 

Soft X-Ray Spectroscopy Instrumentation Team, 

Physical and Chemical Research Infrastructure 
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BL19LXU 

RIKEN SR Physics 

 

1. Introduction 

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 (EH) 1, 2, and 3 have been in 

operation since FY2000. EH4 was constructed in 

FY2001. The beamline has been continuously 

updated as follows. Major updates in the optics 

hutch include the installation of a double-mirror 

system to reject higher harmonic radiation 

(FY2004), installation of precision four-jaw slits 

(FY2010), renewal of the stages (FY2013), 

installation of the cooling pipes in the double-

crystal monochromator for enhanced 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 an ion pump (FY2017) to keep 

the surfaces of the monochromator crystals and the 

mirrors clean. In FY2017, the minimum photon 

energy was lowered from 7.270 keV to 7.092 keV, 

which is below the iron K edge at 7.112 keV, by 

changing the minimum gap size of the undulator. 

For micro- and nano-focusing, Kirkpatrick-Baez 

(KB) mirror systems were permanently installed in 

EH 3 (FY2014) and EH4 (FY2010). The outdated 

laser system was updated (FY2016), and the 

repetition rate was raised from 1 kHz to 10 kHz, 

which improved efficiency in 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 EH1 and EH3 were upgraded (FY2016), 

and the doors of EH1 and EH3 were motorized 

(FY2017). The PLC system was upgraded to allow 

users to select the active hutch, and to operate in a 

remote mode at all times for users’ convenience 

(FY2018). 

 

2. Recent activities  

In FY2019, X-ray optics was developed for high-

energy X-ray diffraction experiments at 100 keV. 

Combined with a monochromator stabilizer 

(MOSTAB) unit, the intensity and the photon 

energy is stable for more than a week. The 

environment of the nano-focusing system in EH4 

was improved to provide more stable focusing. An 

X-ray beam monitor used for aligning mirrors is 

now set on an isolated post away from the bench for 

the KB mirror system, reducing the mechanical 

vibration due to the fan of the beam monitor. The 

mirror surfaces are cleaned using ozone gas, and the 

KB mirror system recovers the designed focus size. 

The regles of the doors of EH1 and EH3 were 

backfilled to seamlessly join the floors inside and 

outside the hutch, which makes it much easier for 

users to carry heavy apparatuses in the hutch. 

  Various user experiments, which require brilliant 

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

laser experiments are performed at each 

experimental hutch. In FY2019, experiments 

performed in EH1 included a fundamental study on 

X-ray parametric down-conversion, nuclear 

resonance vibrational spectroscopy to study 

hydrogenase, and X-ray magnetic scattering. In 
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EH3, research on X-ray pumping of the thorium-

229m isomeric state, high-energy X-ray diffraction, 

linear dichroism in HAXPES, and X-ray–excited 

STM experiments were performed, and X-ray 

scattering experiment and X-ray magnetic imaging 

were performed using the sub-micron beam from 

the KB mirror in EH4. 

 

Fig. 1. Door regles of EH1 and EH3 are backfilled. 

 

Kenji Tamasaku 

SR Materials Science Instrumentation Team, 

Physical and Chemical Research Infrastructure 

Group, Advanced Photon Technology Division, 

RIKEN SPring-8 Center 
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BL26B1  

RIKEN Structural Genomics I 

 

1. Introduction 

BL26B1 is the RIKEN Structural Genomics 

Beamline I. It consists of SPring-8 standard 

bending-magnet beamline components and an end-

station 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]. Asymmetrically cut crystals (asymmetric angle 

of 4.4°) for the double-crystal monochromator are 

adopted, and the capillary focusing lens 

(Hamamatsu J12432) at the upstream of the sample 

is an option [4]. In the end-station, optional devices 

for room-temperature crystallography, such as the 

HAG (Humid Air and Glue-coating mounting 

method) system [5], a crystallization plate scanner, 

and a plate stocker and exchanger, are implemented. 

Of the total beamtime, 80% is assigned to public 

users and 10% is allocated to BINDS (Basis for 

Supporting Innovative Drug Discovery and Life 

Science Research by AMED) project users. 

 

2. Recent activities  

In FY2019, new devices were implemented and 

upgraded. For higher-resolution data collection, a 

diffractometer stage for an area detector (EIGER X 

4M, DECTRIS) at the end-station (Fig. 1) was 

upgraded. The shortest camera distance of 47 mm 

can collect diffraction data up to 0.76 Å at the 

detector edge at a wavelength of 0.75 Å. The plate 

exchanger and stocker system were equipped with 

the linear stage on the floor, which can be evacuated 

from the operation position. As a result, the 

temperature controllable HAG system [6] is 

available with the equipment facing the sample 

goniometer. 

  Currently, instrumentations and applications, 

such as an online temperature control system for 

crystallization plate, further automation of the data 

collection system with the plate scanner, a new 

online micro-spectrometer, are under development. 

 

 

Fig. 1. End-station of BL26B1 

 

 

 

Fig. 2. Temperature controllable HAG system at the 

BL26B1 diffractometer. 
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BL26B2  

RIKEN Structural Genomics II 

 

1. Introduction 

BL26B2 is the RIKEN Structural Genomics 

Beamline II. It consists of SPring-8 standard 

bending-magnet beamline components and an end-

station 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 using the auto-

sample exchanger SPACE and user interface BSS [2, 

3]. Two types of remote access for users are available. 

One is mail-in data collection in which a web 

database system D-Cha supports sample and 

experimental information input/output on a web 

browser [4]. The other is remote control of beamline 

equipment via a dedicated interface program, 

SP8Remote, which allows users to directly login 

into the beamline control system under the 

districted safety interlock system [5]. Currently, 20% 

of the total beam time is assigned to public users and 

10% is assigned to BINDS (Basis for Supporting 

Innovative Drug Discovery and Life Science 

Research by AMED) project users.   

 

2. Recent activities 

In FY2019, further improvements for the 

throughput and development of new devices 

contributed to various research projects such as 

ligand screening for drug discovery. Upstream of 

the sample position, a capillary lens optics (focus 

size of 0.08 mm, Hamamatsu J12432) was installed 

to enhance the flux density of the incident X-ray 

beam. Hence, the throughput of data collection for 

smaller crystal samples was improved. Combining 

this with asymmetric diffraction crystals for the 

monochromator has increased the photon flux to 2 

× 1011 photons/s at 12.4 keV (Fig. 1) [6]. In addition, 

to automate crystal centering, a program, 

DeepCentering, was developed based on the deep-

learning algorithm [7]. DeepCentering was 

implemented to the automated data collection 

system for the mail-in data collection described 

above. 

  In addition to improving the throughput of room-

temperature crystallography, the development of a 

microfluidic-chip device for in situ ligand soaking 

and data collection is underway. Additionally, 

efforts to implement data processing and a structure 

analysis pipeline as well as to develop a new web 

database system to cover all the data flow, including 

crystallization and data analysis, are underway. 

Fig. 1 Schematic of BL26B2 optics design. 
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Fig. 2. Result of automated crystal detection by the 

DeepCentering program. 
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BL29XU 

RIKEN Coherent X-ray Optics 

 

1. Introduction 

BL29XU is a 1-km-long beamline, where the 

light source is a standard undulator with a length 

of 4.5 m. This beamline consists of an optics 

hutch and four experimental hutches. Various 

R&D projects are performed on the instruments 

in the front-end and transport channel sections, 

such as the double-crystal monochromator, the 

higher-harmonic-rejecting double mirrors, the 

TC slits, and the beryllium windows. Intensive 

studies have reduced the vibration of the double-

crystal monochromator. The downstream mirror, 

which rejects higher harmonics, contains two 

strips of parabolic mirrors with a focal length of 

approximately 48 m. This is equal to the distance 

between the mirror and light source. The 

glancing incidence angle can be set to 5 and 3 

mrad. This mirror also contains a strip of a flat 

mirror. The parabolic mirrors can provide a 

parallel X-ray beam by reflecting X-rays emitted 

from the source, which is approximately 48 m 

upstream. By reflecting 8-keV X-rays on a 

parabolic mirror with a 5-mrad incidence angle, 

the measured vertical angular divergence is 

reduced from 9 rad without mirrors to 

0.4 rad [1]. 

 

2. Recent activities 

Research at BL29XU pursues the most 

advanced use of coherent X-rays such as 

coherent X-ray diffraction imaging (lens-less X-

ray microscopy) and total reflection mirror 

optics with ultimate precision. 

  Y. Taira, a visiting scientist of the SR Imaging 

Instrumentation Team, developed a high-energy 

imaging sensor using a Gd ３ Al2Ga3O12:Ce 

scintillator (Fig. 1). This sensor is composed of 

a scintillator (thickness switchable among 250, 

500, and 750 m), a lens-coupled optical system, 

and a CMOS camera. The sensitivity and the 

modulation transfer function of this sensor were 

evaluated using 90-keV and 120-keV X-rays. 

The undulator gap was set to 8.98 mm with first-

order harmonics of 5 keV. The first-order 

reflection from the Si(111) monochromator was 

set to 30 keV, which corresponds to the sixth-

order harmonics. A harmonic separator with a 

diamond prism extracts 90-keV and 120-keV X-

rays reflected from Si(333) and Si(444) planes. 

A high sensitivity was obtained for the use of 

these X-rays.  

Fig. 1. Photograph of the high energy imaging 

sensor. 
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  The modulation transfer function of this 

camera was measured using a slit with a width 

larger than ~40 m (Fig.1). A more careful 

angular alignment of the slit will remove the 

measurement limitation with a narrower width. 

Additionally, the spatial resolution of this 

detector will be further optimized by choosing 

an appropriate thickness of the GAGG 

scintillator.  

  Research at BL29XU has achieved advanced 

scientific results in the fields of coherent X-ray 

imaging. The achievements are briefly 

summarized below.  

  The collaboration team of Y. Takahashi, 

Tohoku Univ., demonstrated multibeam 

ptychography using synchrotron hard X-rays. 

This technique can enlarge the field of view of 

the reconstructed image of objects by efficiently 

using partially coherent X-rays. Using three 

mutually incoherent beams, they successfully 

reconstructed the phase map of the samples at a 

spatial resolution of 25 nm in a field of view with 

a width double that in single-beam 

ptychography [2]. 

  T. Hoshino, a member of the SR Imaging 

Instrumentation Team, used X-ray photon 

correlation spectroscopy (XPCS) to study the 

dynamics of polyvinyl acetate near its glass 

transition temperature. They determined the 

local shear rate and calculated the dynamical 

heterogeneity. They clearly observed the rapid 

change of dynamical heterogeneity near the 

glass transition using an XPCS measurement 

with tracer particles [3].  
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BL32XU 

RIKEN Targeted Proteins

1. Introduction 

BL32XU is the RIKEN targeted protein beamline 

dedicated to high-resolution diffraction data 

collection from protein microcrystals. Since 

FY2015, we have been developing a fully 

automated data-collection system dedicated to 

protein crystallography, which is named ZOO, at 

the BL32XU [1]. The ZOO system covers all existing 

experimental schemes in goniometer-based data 

collection from protein crystals. Furthermore, it has 

achieved un-attended data collection. Hence, 

remote users can acquire high-resolution datasets 

using SPring-8 just by sending crystal samples. 

BL32XU has supported numerous structure 

determinations of challenging proteins such as 

membrane proteins (e.g., GPCR) as part of the 

BINDS (Basis for Supporting Innovative Drug 

Discovery and Life Science Research) program 

since FY2017. 

 

2. Recent activities  

The ZOO system was initially developed at 

BL32XU in combination with a brilliant micro-

focus X-ray beam (at minimum, < 1 μm × 1 μm), a 

pixel array detector, and an automated sample 

changer. The system consists of several programs 

such as that for automatic loop centering, a two-

dimensional raster scan, defining crystal size and 

positions, and estimating radiation damage. The 

automatic data-processing pipeline KAMO 

immediately processes collected datasets using a 

computer cluster [2]. The ZOO system secures data 

quality by automated crystal selection and 

controlling radiation damage. The enhanced 

efficiency and quality of data collection accelerate 

the accumulation of better datasets. Merging many 

datasets improves the signal-to-noise ratio required 

for higher-resolution structure determination. 

Consequently, the ZOO system has accelerated 

high-resolution structural analysis of challenging 

proteins [3, 4]. 

  The ZOO system can collect 200–300 full 

datasets within 24 hours from protein crystals larger 

than 50 µm (one crystal/loop). This efficiency 

enables high-throughput protein crystallography, 

which is a prerequisite for fragment-based drug 

design (FBDD), which examines many crystals in a 

complex with small ligands and large-scale small-

wedge data collection from membrane protein 

crystals grown in the lipidic cubic phase (LCP). To 

analyze many crystal structures, it is critical to 

efficiently handle the tremendous amount of data 

produced by the ZOO system. Thus, we developed 

the automatic data processing pipeline KAMO.  

  In FY2019, the data-merging function, which 

consists of hierarchical clustering and merging of 

small-wedge data, was automated. Numerous data 

sets can be processed automatically from the 

diffraction intensities to the reflection file, which 

can be used for structural analysis with the aid of the 

automatic data-processing pipeline and merging 

function. We also developed an automatic data-

assessing system to evaluate the results from 

numerous data sets. This system includes a logging 

function of experiments and a reporting function to 

experimenters.  

  Since the ZOO system can automatically collect 

data based on the conditions that experimenters 
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define prior to the experiments, un-attended data 

collection is now available. To realize routine un-

attended data collection and to accelerate high-

throughput protein crystallography, we have 

replaced the function of BL45XU from SAXS to 

protein crystallography. To switch BL45XU to a 

fully automated protein crystallography beamline, 

the ZOO system and the automatic data analysis 

system were installed with the support of BL32XU. 

Since May 2019, BL45XU has provided un-

attended measurements with the ZOO system, and 

contributed to high-throughput protein 

crystallography for academic and industrial users. 

  The ZOO system has enhanced the efficiency of 

experiments in goniometer-based data collection. 

Currently, we are now focusing on developing 

efficient crystal harvesting to enhance the 

throughput to harvest protein crystals from 

crystallization plates. In particular, fishing LCP 

crystal from the plate is difficult and requires well-

experienced skills. To overcome this harvesting 

problem, AOMUSHI has been developed for LCP 

samples crystallized by the film-sandwich method 

using a Diffrax plate. Instead of fishing LCP 

crystals, AOMUSHI just punches a hole (6-mm 

diameter) in the Diffrax plate to mount the sample 

on a special holder. Previously only 20–30% of LCP 

crystals were available for diffraction 

measurements, even though a well-experienced 

operator fished the crystals. Consequently, the 

development of AOMUSHI allows all crystals to be 

used by simple and easy handling. Further 

developments of automation of sample-freezing 

procedures for the sample holder from AOMUSHI 

using collaborative robots and software for 

automatic data collection for large-area holders of 

AOMUSHI are underway. 

  Recently we have tried to determine the high-

resolution structure from sub-μm crystals by serial 

synchrotron rotation crystallography (SSROX) at 

BL32XU. Using a microfocus X-ray beam (1 μm × 

1 μm), we achieved structure determination at 2.3-

Å resolution from 500–700-nm crystals (Fig. 1) (in 

preparation). ZOO allows users to automatically 

acquire datasets from thousands to tens of 

thousands of tiny crystals. Moreover, to adapt data 

collection from tiny crystals with weak diffraction, 

we have developed a new methodology to obtain a 

low-background dataset. These developments 

should expand the possibilities of crystal-structure 

determinations of challenging proteins.   

  The ZOO system covers all measurement 

schemes not only a conventional single-point 

exposure scheme, but also helical data or multiple 

small-wedge data collection schemes. Automatic 

data collection by the ZOO system requires a 

spreadsheet, which describes conditions for data 

collection. Although users can specify suitable 

measurement schemes or experimental parameters 

by themselves, it is sometimes difficult for less 

experienced users to complete the appropriate 

parameters. Additionally, challenges may arise 

when many kinds of crystals are fished in the same 

loop. Hence, we have further developed a program 

 

Fig. 1. Sub-μm crystals used for SSROX experiment with 

the ZOO system. (a) SEM image of sub-μm 

crystals and (b) electron density map obtained 

from SSROX experiment. 
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called HITO to automatically determine the best 

measurement scheme from the result of a raster scan. 

The installation of the HITO system in the ZOO 

system has realized automatic selection of better 

data collection schemes from spatial information of 

crystals on each loop (Fig. 2). In the near future, we 

plan to implement and exploit deep learning in 

HITO for more complex but automated experiments. 

  Structure determinations of many difficult and 

challenging proteins (e.g., membrane proteins) have 

been achieved by the ZOO system. The parameters 

for data collection were optimized by deep 

consideration with numerous test studies. Now 

HITO is available for users. Hence, researchers, 

even those unfamiliar with X-ray crystallography, 

can easily obtain high-quality diffraction data. 

Highly efficient automatic data collection by the 

ZOO system yields a vast amount of diffraction 

datasets.  

  Our current focus is on analyzing such big data in 

protein crystallography. To handle such a large 

amount of data, an automatic structure-analysis 

pipeline and overview system of such big data are 

under development. These should contribute to 

future research on protein structure dynamics. 
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Fig. 2. HITO system for a mixed-scheme measurement. 

(left) Raster-scan image and (right) result of heat-

map analysis by HITO. 
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BL32B2 

R&D-BM

1. Introduction 

BL32B2 is allocated to the R&D beamline for 

facility-related problems and challenges, which are 

relevant to a bending-magnet beamline. The optics 

consists of two transport-channel slits: a SPring-8 

standard double-crystal monochromator and a pair 

of total-reflection mirrors. To utilize high-energy 

X-rays, a net plane of a silicon-crystal pair can be 

switched from Si(111) to Si(311). Two types of 

mirror coatings, platinum and rhodium, are 

available to eliminate higher-order harmonics. In 

addition to a mirror-bending mechanism for 

vertical focusing, the cylindrical shunt can be 

selected on the second mirror for horizontal 

focusing.  

This beamline was rebuilt and restarted along 

with two experimental hutches (EH1 and EH2) in 

FY2018; EH1 is dedicated to R&D studies, while 

EH2 is devoted to the RISING2 Project by NEDO 

and Kyoto University. 

 

2. Recent activities 

EH1 has dimensions of 5.0 m (W) × 3.0 m (D) × 

3.3 m (H). An optical bench is placed inside the 

hutch. It accommodates six XY carriers and five Y 

carriers, which can load user test benches. The 

former counter/timer module and pulse 

motor–driving system were replaced due to 

deterioration associated with aging. Figure 1 shows 

its successor counter/timer module (CT08-01E), 

which has eight channels and can count at rates up 

to 300 MHz for FAST NIM and 100 MHz for TTL. 

Ionization chambers, high-speed transimpedance 

amplifiers, voltage-to-frequency converters, and 

high-voltage power supplies are also provided to 

users. Figure 2 is a photograph of a pulse 

motor–driving system. A controller (PM16C-16) 

can realize 16-channel operation simultaneously.  

The default setting is 16 Type-II pulse motor driver 

units. Four Type-I pulse motor driver units can be 

Fig. 1. Counter/timer module (CT08-01E). Ethernet 

or USB connection can be used for remote 

control. 

Fig. 2. Photograph of the pulse motor–driving 

system. Controller (PM16C-16) can be 

controlled through an Ethernet or USB 

connection. 
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used if necessary. Motor cables are wired into the 

hutch and have a TRIM TRIO connector (8P 

socket plug type) on the motor side. 

For experiments at EH2, a long beam path in 

EH1 should be bridged by a vacuum flight tube. A 

wide-bore flight tube is desirable since the total 

reflection mirrors cause a large variation in beam 

height. To reduce the workload due to switching 

between EH1 and EH2, we installed a flight 

tube–retracting mechanism, which facilitates the 

handling of the huge heavy tube (Fig. 3). 

Conversion adapters from ICF to ISO-KF were 

also prepared and placed at the end flanges of the 

up- and downstream transport channels. These 

improvements in efficiency minimized the 

overhead time required for switching EHs, 

increasing the uptime for investigations on battery 

science by NEDO and Kyoto University. 

 

 

Fig. 3. Vacuum flight tube and its retracting 

mechanism installed in EH1. 
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BL38B1 

RIKEN Structural Biology I 

 

1. Introduction 

BL38B1 is a beamline, which was reclassified from 

a public beamline to a new RIKEN beamline in 

FY2019. BL38B1 employs a bending magnet as the 

light source. Unlike BL45XU, BL38B1 is not suited 

for dynamic small-angle X-ray scattering (SAXS) 

experiments using high-intensity microbeams. 

However, it is the successor to static SAXS 

experiments, which were mainly conducted at 

BL45XU until last year. In FY2019, with the 

cooperation of JASRI, we evaluated the existing 

BL38B1 X-ray optics, the relocation, and 

remodeling of the SAXS devices, which were 

previously used at BL45XU, to restart the SAXS 

experimental system. 

 

2. Recent activities  

In the transport channel, asymmetric diffraction 

crystals for the monochromator were implemented 

to enhance the X-ray beam intensity. A 1-m long 

cylindrical bent mirror was installed to realize a 

focused beam near the detector and to reject higher-

order reflections from monochromator crystals.   

For the SAXS camera at the experimental station, 

we adopted an incident optical system, which 

combines two sets of scatterless slits and a pinhole 

in front of the sample to reduce parasitic scattering 

in the small-angle region. The vacuum path of the 

SAXS camera and the two-dimensional detector, 

PILATUS 3X 2M, were relocated from BL45XU 

and installed in BL38B1. We started the 

commissioning of the camera with the intent to use 

a 2.5-m fixed camera distance. 

  The initial target of development of BL38B1 was 

solution-scattering measurements from bio-

macromolecules. A SEC (size exclusion 

chromatography)-SAXS system using a flow cell 

and an online HPLC (high-performance liquid 

chromatography) system was developed with the 

cooperation of Prof. Shimizu’s group of KEK/PF 

(Fig. 1). The SEC-SAXS system, which uses 

monodisperse fractions separated by SEC to obtain 

the scattering curves of components in solution, 

enables a more accurate intermolecular interaction 

analysis. We used this system to support the 

correlation structure analysis of the BINDS (Basis 

for Supporting Innovative Drug Discovery and Life 

Science Research by AMED) project.  

  In FY2020, we plan to study the feasibility of 

SAXS/WAXS measurements not only for bio-

SAXS but also for materials science such as 

polymer science. In the future, BL38B1 will be 

open to RIKEN and public SAXS users in the fields 

of bio-SAXS and polymer science. 

 

 

Fig. 1. SEC-SAXS system set in BL38B1. 
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BL43LXU 

RIKEN Quantum Nano Dynamics 

 

1. Introduction 

The majority of the beamtime at BL43LXU [1] in 

2019 was for user experiments. However, there was 

also some installation and commissioning of new 

equipment (see below).   The present report will, 

as usual, emphasize both the changes and the 

problems at the beamline, in an effort to provide a 

record of progress and useful information to others 

working to develop SR instrumentation.  One 

notes that the COVID-19 outbreak did impact 

running, with user experiments mostly cancelled 

from mid-April through June of 2020.  However, 

some remote work was carried out, and also some 

useful beamline tests and R&D.   There was 

significant effort to use the beamtime effectively 

even without users. 

 

2. Recent activities 

Work at the experimental stations has largely been 

done by members of the Materials Dynamics 

Laboratory, with assistance on some projects by 

members of JASRI, and RIKEN, and, occasionally, 

members of the RIKEN beamline support group.  

Help from part timers included some for more 

general beamline tasks (Hattori), some work on 

technical drawings (Taguchi).  BL43 also had 

some help from full-time members of the 

engineering team (Nagare) on specific tasks 

including standard start-up of the LN2 cooling for 

the mirror and mono, and, sometimes, beam size 

measurement and setup of sample refrigerators.  

This is an ongoing process, complicated by the 

sophistication of many of the setups at BL43LXU.   

 

2-1.Optics hutch and upstream components   

The upstream components - electron orbit, IDs, 

mirrors, and high-heat-load (HHL) mono -were 

stable during FY2019. The orbit-correction protocol 

operated smoothly, and there were no issues with 

the IDs.  The HHL mirror (M1) operated without 

changes, and was stable when used. The BPM (SiC 

quadrant), placed just before the sample, is now 

well integrated into standard operation.  The 

encoder for th1 of the high-heat-load mono became 

unreproducible in April of 2020: based on present 

investigation (September 2020) this looks to be an 

issue with external (cable interface) electronics in 

the Renishaw encoder.  We had feared the in-

vacuum read-head had died (multiple read-heads 

died early in beamline running) however, it seems 

the 1mm W shielding that was added after the early 

failures has been effective.     

 

 

 

Fig. 1. Multilayer KB for focusing the 1 mm × 3 

mm beam at 21.747 keV.  
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2-2. KB focus at 21.747 keV   

In FY2018, substrates for an elliptical 

Kirkpatrick-Baez (KB) pair (JTEC) and 

subsequent coating (Osmic/Rigaku) for high 

precision (0.2%) d-spacing control were 

delivered.  The new mirrors were used to focus 

the beam in 2019 and performed well with >45% 

throughput for an incident beam size of 1 mm × 

3 mm and a sub-5-micron beam size in the 1.3-

meV resolution Si (11 11 11) setup (Fig. 1). 

 

2-3. Cryomagnet 

The cryomagnet system was used in a first user 

experiment in December of 2019 - this followed 

extensive off-line work to improve the system in 

2018. In general, the magnet performed 

reasonably.  However, some care with sample 

mounting is needed: on two occasions a sample 

of superconductor flew off its mount when the 

temperature was reduced below Tc, despite large 

amounts of epoxy being used the second time.    

There were also some issues with the sample 

positioner not rotating properly.  That system 

was re-greased. Hopefully the system will now 

be stable: next experiments using the magnet are 

planned for November/December of 2020.  At 

that time we will begin to teach engineering team 

how to set up the magnet. 

 

2-4. Medium-Resolution Spectrometer 

This was not operated in FY2019 due to efforts 

devoted toward realizing measurements with a 

sub-meV resolution at sub-nm−1 momentum 

transfers in the high-resolution setup. 

 

2-5. High-Resolution Spectrometer 

This operated reasonably during most of 2019.  

In the summer of 2019, six of the noisier 

chips/channels of the CZT IXS detector were 

replaced by Hamamatsu. This upgrade removed 

the noise from these channels. In March of 2020, 

Huber came and re-polished both the granite field 

and the surface of airpads.  Hopefully, with the 

airpad flight height increase in FY2018, the 

granite will survive longer without being 

scratched.  Two motherboards for the VME 

crates were replaced in the summer of 2019. The 

large window on the analyzer chamber was also 

replaced late in 2019, and, during the summer of 

2020, changes were made to the readout software 

for the analyzer T-control to accommodate a 

revised version of some hardware.  An 

additional column of analyzers was installed for 

regular work, increasing the analyzer array from 

24 (4 × 6) to 28 (4 × 7) channels.    

 

2-6. Soller Slits and Soller Screens 

After increased experience and generally 

favorable results with the Soller screen and the 

Soller slits (see [2] for more details), new models 

were designed and installed, including a Soller 

slit for general operation with a 4 × 8 analyzer 

array and a revised Soller screen for high-

pressure work. In addition, a different screen 

design was fabricated for use with laser heating. 

The new Soller slit allows an 80-mm downstream 

clearance after the sample. The Soller screen 

allowed for the collection of extremely clear data 

on iron acoustic modes at pressures well in 

excess of 200 GPa (in collaboration with Ohtani-

lab of Tohoku University) 

 

Alfred Q.R. Baron and Daisuke Ishikawa 

Materials Dynamics Group, Photon Science 
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BL44B2 

RIKEN Materials Science 

1. Introduction 

BL44B2 is the Materials Science beamline based on 

total scattering, which includes all coherent 

scattering such as Bragg and diffuse scattering. 

Unlike powder diffraction and PDF (pair 

distribution function) beamlines, total scattering 

beamlines require a wide dynamic range over 105 

for the X-ray detector as well as a wide range over 

30 Å−1 with a step smaller than 10−3 Å−1 in Q (the 

magnitude of the scattering vector). The total 

scattering measurement system OHGI [1] installed at 

BL44B2 satisfies the required Q range and step.  

  On the other hand, the dynamic range of an X-ray 

detector is defined by the difference in X-ray 

response between detector channels, which is 

referred to as X-ray response non-uniformity 

(XRNU). XRNU has been recognized as an issue in 

all types of X-ray detectors such as imaging-plate 

detectors, CCD detectors, flat-panel detectors, pixel 

detectors, and microstrip detectors. To date, the flat-

field approach has been adopted to correct 

scattering data for XRNU. From our experience, 

coverage of the conventional approach, which may 

be considered a hypothesis-driven type, was limited 

to the case where the level of the XRNU noise was 

higher than several percent. 

 

2. Recent activities 

An alternative approach, which is based on the 

statistical estimation of the reference intensity, has 

been developed to overcome the limitation [1]. This 

approach has a problem with the correcting time. 

Because the acquisition of reference data required 

at least half a day, it was virtually impossible to 

correct scattering data for XRNU in accordance 

with the detector and experimental settings. This 

greatly impacts the pattern of XRNU. Accordingly, 

a significant reduction in the correcting time was 

required. 

  Recently, the statistical approach has been 

improved to significantly reduce the correcting 

time [2]. The improved algorithm increased the 

utilization rate of data acquired for the reference 

intensity to 98%. As a result, the correcting time 

was reduced from half a day to half an hour, which 

is shorter than the typical measurement time of a 

sample. Moreover, the present approach yields 

better correction results than the previous one. The 

data-driven approach enables an on-demand 

correction for XRNU in accordance with the 

detector and experimental settings. The present 

study should encourage the correction of scattering 

data for XRNU in area detectors. 
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BL22XU 

JAEA Actinide Science I 

 

1. Introduction 

BL22XU is designed to promote basic and applied 

research on nuclear energy, Fukushima 

environmental recovery research, 1F 

decommissioning research, and related research. It 

was constructed in the storage ring and the RI 

laboratory of Spring-8 to investigate radioactive 

materials containing transuranium elements.    

  BL22XU is characterized by the following two 

monochromators. One is a cam-type 

monochromator with a multi-crystal switching 

system [1]. Si(111) and Si(311) crystals can be 

arbitrarily switched in a vacuum and in a 

low-temperature environment. This 

monochromator generates X-rays of 6–70 keV. The 

other is a calculated combination monochromator 

with Si(111) crystals designed for high-flux X-rays 

of 35–70 keV. 

  In FY2019, the experimental equipment was 

relocated and optimized for BL22XU. 

 

2. Experimental hutch 1 (EH1) 

2-1. 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. Recently, this diffractometer 

contributed to the determination of the pressure–

temperature phase diagram of a novel 

perovskite-type oxide PbCoO3, which shows a 

sequential spin-state transition and intermetallic 

charge transfer upon applying pressure [2]. 

  This diffractometer was also used for 

pair-distribution function (PDF) experiments. The 

PDF measurement system has been improved. The 

equipped large-area two-dimensional detectors and 

high-energy monochromatic X-rays are suitable to 

perform rapid-acquisition PDF experiments. A 

two-dimensional scattering pattern can be obtained 

in a short exposure time, which is typically within 

one minute for a crystalline material. The 

maximum Q range of the obtained total scattering 

pattern reaches Qmax = 25.5 Å−1, indicating that the 

spatial resolution of PDF is r ~ 0.25 Å. This is 

sufficient to discuss the local structure.  

  The demand for PDF measurements has steadily 

increased because structural information of 

functional materials in the local to middle range 

structures is important to understand the properties. 

Our PDF system has been applied to investigate 

various functional materials, including 

photocatalysts [3], negative thermal expansion 

materials [4,5], hydrogen-absorbing alloys [6], and 

cement materials [7]. 

 

2-2. Large diffractometer 

Currently, an apparatus for Bragg coherent X-ray 

diffraction imaging (Bragg-CDI) is under 

development [8]. Bragg-CDI is expected to be a 

powerful technique for investigating an individual 

nanosized crystalline particle, and should enable 

studies of a particle located within devices, which 

are inaccessible by electron beam techniques.  

  This technique was used to study particles as 
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small as ~100 nm in size, which is the most 

interesting size. Although the experiment was 

suspended due to the apparatus relocation from 

EH3 to EH1 in the summer of 2019, it is scheduled 

to resume once normal operations are restored in 

the 2020A term. 

 

3. EH3 

3-1. Hard X-ray photoemission spectroscopy 

(HAXPES) 

(1) Introduction of the combined dual-mode 

charge-compensation flood gun 

Due to the large electron-escape depths, HAXPES 

has emerged as a powerful tool for studying both 

the true bulk and the buried interface properties of 

complex materials systems. HAXPES has been 

employed in a wide range of studies. 

  In insulating material samples, the generation of 

photoelectrons creates a positive charge in the 

X-ray irradiation area. Since the spectrum 

measured in the positively charged state shifts to 

the side where the binding energy is higher than 

the actual position, the correct energy position is 

difficult to grasp. Thus, charge neutralization is 

necessary during HAXPES measurements of 

insulating material samples.  

  In FY2019, HAXPES was equipped with a 

combined dual-mode charge-compensation flood 

gun [9]. The dual-beam technique, which 

simultaneously irradiates a low-energy electron 

beam and an ion beam, is a neutralization method 

that stabilizes uneven charges on the surface in a 

self-repairing manner. This technique can realize 

stable charge neutralization for a wide range of 

insulating materials. It has been applied 

successfully to evaluate the electronic state of 

insulation samples such as various oxides [10-12]. 

(2) Ion-irradiation effect of electronic structures 

in Pt/Y3Fe5O12 bilayer[12] 

Theromoelectric generation using spintronics 

devices based on the spin Seebeck effect, denoted 

as the spin-driven thermoelectrics (STEs), offers a 

novel method of energy conversion from heat into 

electricity. The separation of heat and charge 

conduction realizes various devices with simple 

and flexible structures, low-cost fabrication, etc. 

Furthermore, spintronics devices generally have a 

higher tolerance to irradiation damage than 

semiconductor-based electronics devices. Hence, 

STE devices are expected to be used in more harsh 

environments. 
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  HAXPES measurements were performed to 

elucidate the ion-irradiation effects at the interface 

of a typical STE sample, Pt/Y3Fe5O12 (Pt/ YIG) 

junction. Various peaks such as Fe 1s, Fe 2p, O 1s, 

Pt 4f, and Y 3d were observed. Figure 1 shows the 

spectra in the O 1s region for samples irradiated 

with 320-MeV gold-ion (Au24+) beams for various 

dose levels (0, 1.0×1011, 1.0×1012, and 1.0×1013). 

The binding energies increased with the irradiation 

Fig. 1 1s HAXPES spectra for Pt/ YIG irradiated 

with 320-MeV gold-ion beams at various 

dose levels. 
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dose level. The binding energies of Fe 2p3/2 

showed similar behaviors, while those of Pt 4f did 

not change. The same tendency was previously 

reported in the sputtering-damaged interfaces [11], 

indicating that the interface chemical reaction 

might be enhanced by ion-beam irradiation. 

 

3-2. Kirkpatrick-Baez (KB) mirror 

A KB mirror–focusing system was introduced to 

analyze cesium-containing microspheres (Cs balls) 

or fuel debris made by the Fukushima Daiichi 

Nuclear Power Plant accident. Table 1 shows the 

KB mirror specifications. In EH3, at 116 m from 

the light source, micro X-ray fluorescence 

mapping and micro XAFS measurement can reveal 

the element distribution, local structure, and 

chemical bond of the Cs balls and the simulated 

molten core concrete interaction (MCCI). 

  The incident X-rays from a front-end slit with a 

0.8-mm height and a 1-mm width are 

monochromatized using a Si(111) double-crystal 

monochromator (DCM) at 50 m from the light 

source (Fig. 2). A virtual light-source slit just 

downstream of the DCM limits the size to a 

0.1-mm width. The intensity of the fluorescence 

X-rays from the sample was measured using a 

silicon drift detector (Amptek Fast SDD). X-ray 

fluorescence mapping and XAFS spectra were 

obtained by scanning the sample position and the 

incident X-ray energy. A common mirror-control 

stage was used, and only the mirrors were replaced. 

Focused sizes of FWHM were around 0.8 μm2 by 

each mirror. Then intensities of 1011 photons/sec at 

15 keV and 109 photons/sec at 37 keV were 

obtained. 

 

 

Table 1 Mirror specification 

Mirrors for low energy (< 16 keV) 

Focusing direction Vertical Horizontal 

Coat Rh 

Length 200 mm 300 mm 

Glancing angle 3.5 mrad 3 mrad 

Working distance 500 mm 

Aperture 630 µm 840 µm 

Mirrors for high energy (< 40 keV) 

Focusing direction Vertically Horizontally 

Coat Pt 

Length 200 mm 300 mm 

Glancing angle 1.7 mrad 1.7 mrad 

Working distance 500 mm 

Aperture 306 µm 476 µm 

 

 

 

Fig. 2. Experimental layout. 

 

3-3. X-ray absorption fine structure (XAFS) 

The interaction and reaction dynamics of 

heavy-metal ions such as actinides in various 

environments have been investigated using the 

XAFS system. This research has contributed to the 

development of new separation methods on 

radioactive waste disposal, waste volume reduction, 

improved reliability in disposal processes, etc. In 

addition, the knowledge obtained from this 
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research will also contribute to the development of 

separation methods for rare metals. 

  Our previous studies revealed that a heterodonor 

ligand PTA recognizes slight differences in the 

ionic sizes of actinides and lanthanides, and 

separates specific elements as precipitates. 

Elucidating the reaction method should improve 

this separation method. Thus, an in situ 

observation system was constructed using 

time-resolved XAFS to clarify structural changes 

in the reaction and precipitation process. In this 

system, a reaction cell that can control a chemical 

reaction is installed in the existing XAFS system 

on the experimental EH3 of BL22XU, and 

time-resolved measurements are performed by the 

Quick-XAFS method. In the reaction cell, syringes 

and tubes for dropping two different solutions are 

connected to the sample container, and the syringe 

pumps are remotely operated from outside the 

experimental hutch during XAFS measurements.  

  Using this system, PTA and some separation 

reagents were added to a mixed solution of 

trivalent lanthanides, and the structural changes in 

the complexes during precipitation were 

successfully observed. It was revealed that the 

ligand rapidly interacted with the lanthanide ion, 

but then precipitated with a gradual structural 

change over time. 

 

3-4. Stress and imaging measurements 

In this device, deformation and state changes 

inside a material can be performed by a diffraction 

method and an imaging method using high-energy 

synchrotron radiation X-rays. Recently X-ray 

imaging measurements with a time resolution of 1 

msec have been used to evaluate processing 

techniques.  

  Figure 3 shows the process of layer formation 

every 20 ms from 0 ms to 80 ms under blue-laser 

irradiation when a pure copper powder supply on 

SUS304 stainless steel is varied 14, 50, and 80 

mg/s [13]. A clean hemisphere was formed under all 

conditions up to 40 ms. After 40 ms, a wavy 

surface was formed at a condition of powder 

supply of 14 mg/s, and a lot of powder remained 

on the surface at the condition of powder supply of 

80 mg/s. On the other hand, at a condition of 

powder supply of 50 mg/s, the spread in the 

horizontal direction was reduced, and the powder 

was stacked in the upward direction, and thick pure 

copper layer formation was confirmed. In this 

experiment, the substrate was moved at a scanning 

speed of 10 mm. Under these conditions, we 

inferred that the optimal condition to form a clean 

film was a 50 mg/s of powder supply and a 

liquid-temperature state, which maintains the 

hemisphere. 

 

3-5 -type Diffractometer 

  (a)14 mg/s    (b)50 mg/s    (c)80 mg/s 

 

Fig. 3. Pure copper layer formation investigated 

by X-ray imaging. 
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The Kappa diffractometer was moved from the 

BL14B1 to BL22XU in the RI experimental 

building to integrate the equipment into the RI 

experimental building (Fig. 4). The -type 

diffractometer has been used for surface X-ray 

diffraction and high-energy X-ray diffraction 

experiments. In addition, BL22XU will also 

support research unique to the RI experimental 

building. 

 

 

Fig. 4. -type diffractometer relocated to 

BL22XU. 

 

 

Fig. 5. Powder X-ray diffraction pattern measured 

by the transmission of a mixed pellet of 

UO2 and ZrO2. UO2 is easily oxidized and 

unstable, but the entire pellet can be 

evaluated using the permeation method. 

 

  In the future, the characteristics of simulated 

debris containing uranium oxide will be evaluated. 

In fact, studies on actual debris are scheduled in 

the near future. 

 

Hideaki Shiwaku*1, Akihiko Machida*2, Kenji 

Ohwada*2, Masaaki Kobata*1, Tatsuo Fukuda*1, 

Kenji Yoshii*1, Hajime Tanida*1, Tohru 

Kobayashi*1, Takahisa Shobu*1, and Yasuhiro 

Yoneda*1 

*1 Japan Atomic Energy Agency 

*2  National Institutes for Quantum and 

Radiological Science and Technology 

 

References: 

[1]  H. Shiwaku et al., AIP Conference 

Proceedings 705, 659 (2004) 

[2]  Z. Liu et al., J. Am. Chem. Soc. 142, 5731 

(2020). 

[3]  Y. Ide et al., Chem. Sci. 10, 6604 (2019). 

[4]  Y. Sakai et al., Chem. Mater. 31, 4748 (2019). 

[5]  T. Nishikubo et al., J. Am. Chem. Soc. 141, 

19397 (2019). 

[6]  K. Asano et al., Inorg. Chem. 59, 2758 

(2020). 

[7]  S. Bae et al., Constr. Build. Mater. 237, 

117714 (2020). 

[8]  K. Ohwada, K. Sugawara, T. Abe, T. Ueno, A. 

Machida, T. Watanuki, S. Ueno, I. Fujii, S. 

Wada, Y. Kuroiwa: Jpn. J. Appl. Phys., 58, 

SLLA05 (2019). 

[9]  Larson PE, Kelly MA., J. Vac. Sci. Technol. A. 

16(6), 3483‐3489. (1998). 

[10]  M. Kobata et al., J. Nucl. Mater., 498, 

387-394 (2018). 

[11]  M. Kobata et al., JPS Conf. Proc., 011192        

(2020). 

118



 

Contract Beamlines 

[12]  S. Okayasu et al., J. Appl. Phys. , 128, 083902 

(2020). 

[13]  R. Higashino, T. Shobu et al., Proceedings of 

SPIE Vol. 11271, 1127114 (2020). 

 

 

119



 

Contract Beamlines 

BL23SU 

JAEA Actinide Science II 

 

1. Abstract 

BL23SU is the JAEA actinide science beamline 

mainly designed for actinide material science. The 

beamline is also utilized for surface chemistry and 

biophysical spectroscopy. There are three end 

stations in the beamline: a real-time photoelectron 

spectroscopy station and a biophysical spectroscopy 

station in the experimental hall and actinide science 

stations in the RI laboratory building.  

 

2. Real-time photoelectron spectroscopy station 

for surface and interface research 

Research on the surfaces and interfaces of solids 

based on chemical analysis using soft X-ray 

synchrotron radiation photoelectron spectroscopy 

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

photoelectron spectroscopy station of BL23SU. 

This station has also been employed to promote the 

nanotechnology platform of the Ministry of 

Education, Culture, Sports, Science and Technology 

(MEXT) of Japan as a member of the advanced 

characterization nanotechnology platform to 

establish shared use of advanced characterization 

equipment. The apparatus is widely used for 

research on the physicochemical properties, 

functionalities of surface/interface, and 

mechanisms of surface reactions. 

To develop ultralarge-scaled integrated (ULSI) 

circuits, it is crucial to elucidate the mechanisms of 

oxide formation/decomposition on Si surfaces. 

Oxidation reactions for various crystal faces have 

been clarified by real-time observations using in 

situ SR-XPS under O2 gas–surface reactions. A 

novel reaction model mediated by point defect 

generation due to oxidation-induced strain and 

thermal strain was constructed, which provided a 

basic understanding of O2 dissociative adsorption [1]. 

Initial oxidation of the Si(113) surface was also 

investigated by combining in situ SR-XPS with a 

supersonic molecular beam (SSMB) to elucidate 

nonthermal processes due to kinetic energies (Et) of 

O2 molecules. Et largely altered the oxide quality 

and oxidation kinetics [2]. 

The initial oxidation of ultrathin Hf films 

deposited on Si(100)-2×1 [Hf/Si(100)] and on 

Si(111)-7×7 [Hf/Si(111)] was studied by in situ SR-

XPS due to its importance in high-k dielectric 

material applications for future electronic devices. 

The metallic Hf component plays a vital role in the 

initial oxidation. Annealing at ~1073 K induced 

oxygen removal and Hf disilicide island (i-HfSi2) 

formation on a bare Si(100)-2×1 surface. i-HfSi2 

exhibited slightly reactive properties for O2 at room 

temperature. The dangling bonds on a bare Si(100)-

2×1 surface among i-HfSi2 were oxidized 

preferentially due to the oxidation of back bonds of 

the Si dimers on bare Si(100)-2×1 [3]. The surface 

and interface of Hf/Si(111) contained three 

components (metallic Hf, HfSi, and Si-rich Hf 

silicide). Annealing changed the Hf layers into 

HfSi2 islands. Both the size and shape strongly 

depended on the Hf coverage. The growth direction 

was related to the DAS model structure of a clean 

Si(111)-7×7 surface [4]. 

Germanium (Ge) and its oxides are important 

materials for future electronic devices. SR-XPS was 

applied to analyze the chemical states of Ge oxides 

formed on the Ge(100)2×1 surface in a standard 
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atmosphere at room temperature. Oxidation 

forming oxides with 4+ Ge oxidation states at a 

maximum proceeded slowly even in a standard 

atmosphere. The O 1s spectra clearly exhibited –OH 

component, indicating that water molecules from 

ambient humidity likely promote oxidation [5]. 

AlGaN/GaN metal–oxide–semiconductor 

(MOS) structures are important for power electric 

device applications. Low-power inductively 

coupled plasma reactive ion etching (ICP-RIE) and 

chemical vapor deposition of SiO2 dielectrics on the 

etched surfaces were used. This research 

demonstrated the significant advantages of the 

proposed low-damage recessed gate process for 

fabricating next-generation materials [6]. 

Carbon materials such as graphite and carbon 

black (CB) are important materials as catalysts for 

H2 production from CH4. The catalytic behavior and 

associated mechanisms of fullerenes with 6-

membered rings and those comprising 5- and 7-

membered rings with sp2 bonds were investigated. 

In situ–heating SR-XPS analysis and TEM 

observations indicated that ring structures without 

six-membered rings in carbon materials 

with sp2 bonding should contribute to this catalytic 

behavior for CH4 decomposition at a low 

temperature of 400 °C [7]. 

As described above, studies on the reactions and 

chemical analysis of surfaces and interfaces of 

various functional materials have been conducted at 

the real-time photoelectron spectroscopy station.   

 

3. Biophysical spectroscopy station 

The biophysical spectroscopy station focuses on 

various photochemical processes in biomolecules 

caused by soft X-ray excitation from the viewpoint 

of radiation damage to DNA. The station consists of 

three experimental apparatuses: an X-band EPR 

(SLEEPRS: Synchrotron Light Excited EPR 

Spectrometer), a quadrupole mass spectrometer 

(QMS), and an apparatus for a liquid microjet for 

photoelectron spectroscopy. SLEEPRS is the first 

method to allow transient radical species at a DNA 

damage site to be investigated in situ. The photon-

stimulated desorbing ions from the irradiated DNA 

are observed with QMS. The photoelectron 

spectrometer was installed as a collaboration 

between the National Institutes for Quantum and 

Radiological Science and Technology (QST) and 

Tokyo University of Agriculture and Technology. 

These unique spectrometers should identify the 

physicochemical pathways to DNA nucleobase 

lesions and strand breakages, which are thought to 

induce genetic effects such as mutations and cancer. 

To identify the precise early radiation process of 

DNA lesions, we measured the electron kinetic 

energy spectra emitted from uridine-5’-

monophosphate (UMP) in an aqueous solution jet 

for the photoionization of the nitrogen 1s orbital 

electron and the following Auger effect using a 

monochromatic soft X-ray at energies above the 

nitrogen K-shell ionization threshold [8]. The 

change in the photoelectron spectra for UMP in 

aqueous solution at different proton concentrations 

(pH=7.5 and 11.3) was ascribed to the chemical 

shift of the nitrogen atom in uracil moiety of 

canonical and deprotonation forms. The lowest 

double ionization potentials for aqueous UMP at 

different pH values obtained from the Auger 

electron spectra following the nitrogen 1s 

photoionization values showed the electrostatic 

aqueous interaction of the canonical (neutral) and 

deprotonated (negatively charged) uracil moiety 

with hydrated water molecules. 
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Adenosine triphosphate (ATP), which is a 

ribonucleic acid, acts as intra-cellular energy 

transfer. ATP is also used as a substrate to synthesize 

messenger RNA and as a ligand of upregulation of 

these biological functions. The relation between 

molecular activity, genetic information transfer, and 

intercellular signaling activity was examined [9]. 

The altered ATP molecule may contribute to the 

induction of a change in the radiation sensitivity of 

cancer cells. 

 

4. Actinide science stations 

In the RI laboratory building, there are 

photoelectron spectroscopy and soft X-ray 

magnetic circular dichroism (MCD) stations. In 

addition, the commissioning of a newly developed 

scanning transmission X-ray microscopy (STXM) 

station is underway. 

In the photoelectron spectroscopy station, 

photoelectron-spectroscopy studies for strongly 

correlated materials such as actinide and rare-earth 

compounds have been conducted. For example, the 

electronic structure of UTe2, which is a newly 

discovered unconventional superconductor, was 

studied by resonant photoelectron spectroscopy 

(RPES) and angle-resolved photoelectron 

spectroscopy (ARPES) with soft X-ray synchrotron 

radiation [10]. The partial U 5f density of states of 

UTe2 was imaged by the U 4d–5f RPES, and the 

U 5f state had an itinerant character, but an 

incoherent peak existed due to the strong electron 

correlation effects. On the other hand, the band 

structure of UTe2 was obtained by ARPES, and its 

overall band structure was mostly explained by 

band structure calculations (Fig. 1). These results 

suggest that the U 5f states of UTe2 have an itinerant 

but strongly correlated nature. ARPES experiments 

for Eu-based compound were also conducted, and 

the basic electronic structures of typical Eu2+ and 

Eu3+ compounds were revealed [11]. 

Fig. 1. ARPES spectra of UTe2 along with the corresponding results of the band structure calculations. 

(a) ARPES spectra measured along the Γ(0,0,56)–(Σ)–X(2,0,56) high-symmetry line. (b) 

Corresponding calculated band structure. Color coding represents the contribution from the U 5f 

states. (c) ARPES spectra measured along the X(0,0,58)–(Σ)–Γ(2,0,58) high-symmetry line. (d) 

Corresponding calculated band structure and the simulated ARPES spectra. 
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In 2019A, the soft X-ray magnetic circular 

dichroism (XMCD) in the RI laboratory was out of 

service due to the commissioning of the scanning 

transmission X-ray microscope, which was installed 

in the end of FY2018. At the XMCD experimental 

station, a wide range of research was conducted on 

magnetic properties of uranium compounds, as well 

as topological insulators and functional magnetic 

materials [12-18]. One study found that in topological 

insulators (TIs) in vanadium-doped (Sb, Bi)2Te3, 

antiparallel magnetic moments on the Te sites with 

respect to the Sb and V sites are crucial for the 

formation of long-range magnetic ordering in the 

system [12]. In addition, the magnetic properties in 

TI Sb2−xVxTe3 were investigated on V, Sb, and 

Te [14]. The advantage of XMCD, which is an 

element-specific magnetic probe, is that it can 

capture crucial evidence of the emergence of the 

intrinsic ferromagnetism in V5Se8 epitaxial thin 

films. The study demonstrated a new class of two-

dimensional (2D) magnets as an itinerant 2D 

Heisenberg ferromagnet [15]. Furthermore, the 

origin of ferromagnetism in ferromagnetic 

semiconductors, which are key materials for 

spintronics, were discussed based on XMCD 

investigations [16, 17]. In microscopic magnetic 

investigations for new and novel materials such as 

topological insulators and ferromagnetic 

semiconductors, XMCD has become an 

indispensable experimental tool. 
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BL11XU 

QST Quantum Dynamics I 

 

1. Introduction 

BL11XU is an in-vacuum undulator beamline 

operated by the National Institutes for Quantum 

and Radiological Science and Technology (QST). 

It is designed to provide scientists and engineers 

with a wide range of options on advanced 

synchrotron radiation and quantum functional 

material research. In this beamline, switchable 

Si(111) and Si(311) double-crystal monochro-

mators cooled by liquid nitrogen are installed in 

the optical hutch. Highly brilliant and directional 

synchrotron X-rays are available in the energy 

range of 6–70 keV. There are three experimental 

hutches; each one contains specialized measure-

ment instruments for studies using Mössbauer 

spectroscopy (EH1), inelastic X-ray scattering and 

X-ray magnetic circularly polarized emission 

(EH2), and surface X-ray diffraction (EH3).  

 

2. Mössbauer spectroscopy 

The 57Fe probe layer method acquires a 

layer-by-layer Mössbauer spectrum by carefully 

constructing a film made of 56Fe (non-resonant 

isotope) and introducing a monolayer (ML) of 57Fe 

(resonant isotope) at the desired depth from the 

surface. Recently, a high-brilliance synchrotron 

radiation source (SMS) has greatly improved the 

57Fe probe layer method [1,2]. This method can 

rapidly measure the absorption spectrum of the 

57Fe probe for one monolayer (ML) embedded in 

the film surface using the total reflection of 57Fe 

Mössbauer γ-rays filtered from synchrotron 

radiation.  

To realize a more advanced 57Fe probe layer 

method, simultaneous measurements of γ-rays and 

the conversion electron Mössbauer spectra of an 

isotope-substituted Fe/Cr multi-layer film under 

total reflection conditions were performed using a 

57Fe SMS [3]. A Cr/Fe multi-layer film (Cr (1 

nm)/56Fe (99.4%, 2 nm)/57Fe (95%, 0.2 nm)/56Fe 

(99.4%, 8 nm)/Cr (1 nm)/MgO(001) was prepared 

by molecular beam epitaxy. Then experiments 

were performed at BL11XU using π-polarized 14.4 

keV Mössbauer γ-rays with a 15.4 neV bandwidth 

produced by a SMS (Fig. 1). An external field of 

800 Oe was applied parallel to the beam direction 

to magnetize the film, and the π-polarized γ-rays 

interacted with the four nuclear transitions of Δm = 

±1. The absorption spectra were measured by 

collecting the totally reflected γ-rays and scattered 

 

Fig. 1. Experimental setup. SR: Synchrotron 

radiation from the undulator of BL11XU; 

PM: premonochromator, Si 111 reflections; 

HRM: high-energy-resolution monochro-

mator, nested-type channel-cut Si 511 × Si 

975 reflections; NMC: nuclear mono-

chromator crystal, 57FeBO3 111 near the 

Néel temperate; Hex1: Magnetic field of 130 

Oe; GPC: gas-flow proportional counter; 

Hex2: magnetic field of 800 Oe; S: Slit, 1.0 

mm  4.0 mm; D: NaI(Tl) detector; T: 

target sample. 
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conversion electrons using a NaI(Tl) scintillation 

detector and gas-flow proportional counter, 

respectively. 

Figure 2 shows the γ-ray and conversion 

electron spectra of the Cr/Fe film with a 57Fe probe 

ML at different incidence angles of 0.15° and 0.3°. 

Here, the contribution of the nuclear and electronic 

scatterings to the total reflection was reversed near 

the critical angle of electronic scattering, θe ~ 0.22° 

for the Fe film [1]. 

At θin = 0.15° (< θe), the contribution of the 

electronic scattering was dominant. Thus, the γ-ray 

and conversion electron spectra were normal 

absorption and scattering Mössbauer spectra, 

respectively. By contrast, at θin = 0.3° (> θe), the 

γ-ray spectrum consisted of upward peaks because 

the total reflection was dominated by the nuclear 

resonant scattering from the 57Fe probe ML, while 

that of the electronic scattering was suppressed 

(i.e., pure nuclear total refection (PNTR)). It 

should be noted that the observed PNTR spectrum 

exhibited a high signal-to-noise ratio and the 

spectrum of the 57Fe probe ML was acquired in a 

short time of 13 min (Fig. 2, lower panel, blue line). 

The quality of the PNTR spectrum was much 

higher than that of the conversion electron 

spectrum, indicating that the 57Fe probe layer 

method with PNTR is efficient for thin-film studies. 

The excellent performance opens the door for 

further studies on surface and interface magnetism 

in advanced magnetic and spintronic materials and 

devices.  

 

3. Inelastic X-ray scattering 

EH2 contains an inelastic scattering spectrometer 

for hard X-rays. Resonant inelastic X-ray 

scattering (RIXS) at the K-edge of the 3d transition 

metal and the L-edge of 5d transition metal is one 

of the main activities. RIXS provides 

element-selective and momentum-resolved 

electronic excitation spectra. Recently, 5d 

transition-metal compounds have received 

attention in the search for novel electronic states 

generated by the interplay between on-site 

Coulomb repulsion and strong spin–orbit coupling. 

In the past few years, monochromators and 

analyzers for the L3-edge of some 5d 

transition-metal elements have been introduced 

and spin–orbit-entangled 5d-electronic states have 

been studied through the observation of dd 

excitations using 5d transition-metal L3-edge 

RIXS.  

Fig. 2. Mössbauer spectra of the magnetized Fe/Cr 

film containing the 57Fe ML resonant 

atoms at different grazing angles obtained 

using the totally reflected γ-rays (upper 

panel) and conversion electrons (lower 

panel). Four dashed lines on the velocity 

axis indicate the hyperfine resonance 

energies of α-Fe at 300 K. Solid lines are 

the fitting curves. 
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  In Rb2TaCl6, Ta4+ ion of the 5d1 state is 

surrounded by a spatially separated regular 

octahedron of (Cl−)6. That is, the 5d electron is 

situated in an ideal environment for the spin–orbit 

entangled state of Jeff = 3/2 without lattice 

distortions. In fact, the dd excitations of Rb2TaCl6 

form a single peak with a resolution-limited 

width [4] and the peak is assigned to a transition 

from the degenerated Jeff = 3/2 to Jeff = 1/2 states. 

On the other hand, Ir4+ ion (5d5 state) in the 

pyrochlore iridates A2Ir2O7 (A = trivalent ion) 

occupies the (O2−)6-octahedron with a trigonal 

distortion. The distortion lifts the degeneracy of 

the Jeff = 3/2 states and rearranges the spin–orbit 

entangled states. As a result, the dd excitations 

split into two peaks. In2Ir2O7 has the largest 

distortion in the pyrochlore iridates. Unexpectedly, 

a RIXS study [5] demonstrated that peak separation 

of the dd excitations was small in In2Ir2O7 

compared with other pyrochlore iridates. The 

reduced intersite hopping due to the distortion and 

covalent character of the In–O bond plays a 

predominant role in the 5d-eleectronic states of 

In2Ir2O7 rather than local distortion. 

  The spectrometer has also been used for X-ray 

emission spectroscopy. The K emission of 3d 

transition metal is correlated with the magnitude of 

the local magnetic moment. Combined with 

observations of collective magnetic excitations 

using RIXS and the Fe L3-edge, the coexistence of 

localized and itinerant nature of electrons in the 

iron pnictide superconductors BaFe2(As1-xPx)2 was 

identified [6]. 

 

4. X-ray magnetic circularly polarized emission 

X-ray magnetic circularly polarized emission 

(XMCPE) is a phenomenon in which characteristic 

X-rays emitted from a magnetized sample are 

circularly polarized. In FY2017, XMCPE was 

reported as a new magnetooptical effect in the 

X-ray region [7]. An advantage of XMCPE is the 

large flipping ratio (>20%) in the hard X-ray 

region for 3d transition metal elements. This 

feature is well suited for observations of magnetic 

microstructures well below the sample surface. In 

FY2018, the development of a bulk-sensitive 

magnetic microscope utilizing XMCPE began in 

BL11XU. First, an XMCPE microscope was 

constructed (Fig. 3), and it was used to observe the 

magnetic domains in an electrical steel sheet with 

an incident X-ray energy of 17.3 keV. The crucial 

elements are (i) the focusing optics, (ii) collimating 

optics, and (iii) circular polarization analyzer. The 

focusing optics focuses incident X-rays onto a 

sample. Two compound refractive lenses were 

equipped. The focus size of each lens was about 10 

μm. The collimating optics transforms a divergent 

fluorescence X-ray beam into a well-collimated 

one. 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 

(diamond 220) and a linear polarization analyzer 

(Ge 400). The diamond phase plate converts 

circular polarization to linear polarization. Then 

the converted linear polarization is evaluated by 

the linear polarization analyzer. Accordingly, the 

obtained linear polarization agrees with the initial 

circular polarization. 

  In FY2019, the angular divergence of the 

collimated X-ray beam, which is an important 

quantity that characterizes the performance of the 

XMCPE microscope, was evaluated. Using a 
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double-crystal analyzer with two Si (400) crystals 

in the ++ arrangement, an angular divergence of 

120 μrad was obtained. This divergence was 

slightly wider than the designed value of 100 μrad. 

Next, a higher incident X-ray energy of 26 keV 

was used to obtain magnetic information much 

deeper inside a sample. The magnetic domains of a 

grain-oriented electrical steel sheet at 26 keV and 

17.3 keV were observed with step sizes 30 μm × 

30 μm and 10 μm × 10 μm. The basic stripe 

domains and several lancet domains were observed. 

Additionally, the exit-angle dependence was 

measured at the incident X-ray energy of 26 keV.  

Fig. 3. Schematic of the XMCPE microscope in 

BL11XU. 

5. Surface X-ray diffraction

EH3 is equipped with a surface X-ray 

diffractometer connected with a molecular beam 

epitaxy (MBE) chamber [8,9]. 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. III–V 

group semiconductors are nitrides such as GaN and 

InN and arsenides such as GaAs and InAs. These 

semiconductors are grown by exchanging two 

types of MBE chambers. The nitride-MBE 

chamber with an upgraded vacuum pumping 

system enhances the flow rate of nitrogen gas, 

realizing a 75% increase in the growth rate. This 

enhanced flow rate 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 nitride heterointerfaces [10]. In 

situ X-ray diffraction reciprocal space mapping (in 

situ RSM) measurements were performed for the 

radio frequency (RF) plasma-assisted MBE growth 

of InGaN on GaN and InN layers, which were 

grown by RF-MBE on commercialized 

GaN/c-sapphire templates. Both lattice relaxation 

and compositional pulling occurred during the 

initial growth stage, reducing the strain of InGaN 

on GaN and InN. Different initial growth 

behaviors of InGaN on GaN and InN were also 

observed from the results of the evolution of 

InGaN-integrated peak intensities. 
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BL14B1 

QST Quantum Dynamics II 

1. Introduction

BL14B1 is designed for various kinds of diffraction 

experiments and X-ray absorption fine structure 

(XAFS)-type spectroscopy measurements 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 an 

experiment involving 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 surface and interface, glass, 

ferroelectrics, catalysts, and metals with 

monochromatized X-rays. BL14B1 can be a one-

stop platform for developments of novel functional 

materials by complemental use of white and 

monochromatized X-rays. 

2. High-pressure and high-temperature experi-

ments 

High-pressure and high-temperature syntheses have 

been performed at the high-pressure experimental 

station. In situ synchrotron radiation X-ray 

diffraction measurements can detect structural 

changes of a sample under high pressure and high 

temperature. Consequently, the synthetic conditions 

of novel materials can be easily searched. 

Additionally, the system can investigate the reaction 

mechanisms.  

  Currently, research focuses on synthesizing novel 

aluminum-based hydrides. In FY2019, novel Al–Ti, 

Al–Zr, and Al–Hf hydrides were synthesized. The 

formed hydrides were recovered at ambient 

conditions and characterized to clarify their crystal 

structures and thermodynamic stabilities. 

  Hydrogenation reactions of pure 3d metals were 

also investigated. Such reactions occur only at high 

pressures and cannot be recovered at ambient 

conditions. Thus, these reactions must be 

investigated using in situ measurement techniques 

such as synchrotron and neutron diffraction. 

Previously, our research elucidated the crystal and 

magnetic structures of double hexagonal close-

packed iron deuteride [1], which is a high-pressure 

phase of iron hydrides. The crystal structure of fcc-

NiHx was investigated by in situ synchrotron and 

neutron diffraction techniques [2]
. Here, 

hydrogenation/deuterization conditions of iron and 

nickel were carefully investigated using 

synchrotron radiation X-rays; complementally use 

of synchrotron and neutron enables us to study 

hydrogenation/deuterization reactions of metals 

under high pressure efficiently and quickly. Other 

metal hydrides have been characterized using this 

system [3]. 

3. Stress

In FY2019, a strain scanning measurement 

employing the energy-dispersive X-ray diffraction 

method was constructed using the dispersive XAFS 

(DXAFS) measurement system. Using this system, 

hydrogen embrittlement in steel materials was 

investigated from the viewpoint of the stress/strain 

distribution in materials [4, 5]. Based on the obtained 

residual stress distribution in stretch-formed 
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tempered martensitic steel specimens together with 

the finite element method (FEM), it was shown that 

high residual stress caused cracking on the material 

when hydrogen was electrochemically charged due 

to stress-induced hydrogen diffusion [5]. 

  In addition, the double-exposure method with 

white X-rays (DEM-WX) for the internal 

stress/strain evaluation of metals with coarse grains 

was developed using a CdTe area detector [6]. In 

FY2019, improvement of the diffraction energy 

accuracy calculated from the Laue spot was 

evaluated by increasing the distance between the 

detector and the sample. Although a slight 

improvement in the accuracy was obtained when 

the distance increased, further improvements are 

necessary for strain evaluation.  

 

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 [7-9] Various XAFS 

measurements from high-speed chemical reactions 

to low-concentration additives 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 

FY2019, the hydrogenation reaction of Rh 

nanoparticles was observed by time-resolved XAFS 

measurements at 50 Hz and the reaction dynamics 

of dissociatively adsorbed hydrogen atoms were 

clarified.  

  In the conventional optics system, low-

concentration XAFS measurements were performed 

using a 36-element solid-state detector. For example, 

local structure measurements of Cs-including 

biotite clay minerals at Cs K-edge XAFS were 

conducted from the viewpoints of stable storage and 

volume reduction of radioactive wastes. 

Observations of a finely milled sample revealed that 

the layer structure of the biotite clay contributes to 

the stabilization of the included cesium ions. 

Research to determine the relationship between the 

clay structure and the sorption state of cesium ions 

continues, thereby leading to the mobility 

evaluation and selective collection of radioactive 

cesium ions.  

 

5. Diffractometer 

Studies of the electrolyte/electrode interfaces were 

performed using a -type multi-axis diffractometer. 

The surface structure of the Li-ion battery electrode 

during charge/discharge cycles, the interface 

structure between solid electrolyte and Pt electrodes, 

and the electrode surface structure during the 

electrodeposition reaction in an ionic liquid (IL) 

were studied. Here, a study on the electrodeposition 

reaction of Bi in 1-butyl-3-methylimidazolium 

tetrafluoroborate ([BMIM]BF4) on an Au(111) 

electrode using a surface X-ray scattering (SXS) 

technique was reported. Previously, it was found 

that the diffraction peak originated from the surface 

(1  1) structure ((10) peak) and the reflectivity 

intensity coincided with the cyclic voltammogram. 

This suggested that the surface structure changes 

with the electrochemical deposition reaction. 

However, we examined the surface (1  1) structure 

changes during the electrochemical deposition 

reaction by continuously measuring the width and 

the position of the (10) peak during a potential scan. 
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Neither the position nor the width of the (10) peak 

changed during the reaction, indicating that the 

deposited Bi atoms are not alloyed with surface Au 

atoms, but may form superlattice structures on the 

Au electrode surface. Although several superlattice 

structures have been proposed using scanning 

microscope techniques, the proposed structures 

were not observed by SXS. Future studies will 

continue to search for superlattice structures using 

SXS as well as investigate the dynamics of the 

electrodeposition reaction of Bi on Au in ILs. 

 

6. PDF analysis 

Pb(Mg1/3Nb2/3)O3 (PMN) was used in an 

experiment [10]
. The cubic structure of PMN is stable 

over a wide temperature range. In addition, since a 

diffuse component can be observed and the PDF 

amplitude is greatly attenuated, it is suitable as a 

sample for evaluation. Figure 1 plots χ2 and Rw to 

evaluate the reliability of the fitting obtained by 

refining the structural parameters with a cubic 

structure, which is the average structure, while 

changing the fitting region every 20 Å. First, by 

focusing on χ2, the residual error rapidly increased 

around 50 Å and deviated from the model structure. 

This is because the local structure differs from the 

average structure. In addition, Rw also shows the 

same tendency because it increased around 50 Å, 

which is the same as χ2. In particular, Rw increased 

slightly in the region of large r where the PDF 

amplitude was small. Since this is linked to the 

decreased PDF amplitude, the results were almost 

as expected. The box-car refinement showed that χ2 

and Rw exhibited the same tendency as an index of 

reliability of analysis, and the data obtained by 

BL14B1 satisfied the reliability. 

  

 

Fig. 1. r dependence for the agreement factor for 

PDF analysis, χ2 and Rw. 

 

7. X-ray irradiation effects on a tumor 

X-ray irradiation effects on a tumor were 

investigated for Auger therapy. Tumor spheroids 

containing Gd-loaded nanoparticles were irradiated 

with synchrotron radiation monochromatic X-rays. 

The tumor spheroid was completely destroyed using 

X-rays with E = 50.25 keV, which is just above the 

Gd K-absorption edge. This indicates that Auger 

electrons play a key role in the destruction [11, 12]
. 
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BL08B2 

Hyogo BM 

1. Introduction

BL08B2 is the Hyogo-prefectural beamline. It is a 

hard X-ray contract beamline designed for 

industrial applications. XAFS, X-ray topography, 

Imaging/CT, XRD and SAXS measurements, which 

are widely used in industry, can be performed. Over 

the past few years, research to develop new 

materials to apply to informatics technologies 

(materials informatics) has been actively conducted. 

Since FY2018, the beamline has been supporting 

research and development by manufacturing 

through a coalition between synchrotron radiation 

measurements and informatics technologies. For 

materials informatics with synchrotron radiation, it 

is important to prepare large datasets for machine 

learning. Operando XAFS/XRD and high-

throughput SAXS/WAXS measurements have been 

conducted via automatic data acquisition. In 

addition, a two-dimensional conversion electron 

yield XAFS (2D-CEY-XAFS) was installed. This 

report describes details of the 2D-CEY-XAFS 

measurement system and examples of its 

applications to steel corrosion investigations. 

Fig. 1. Schematic diagram of the 2D-CEY detector and side view of the experimental setup at BL08B2. 

Fig. 2. Comparison of the normalized Fe K-edge XANES spectra and EXAFS spectra. 
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2. Development of 2D-CEY-XAFS system 

CEY XAFS is used to analyze the chemical 

structure of material surfaces [1]. A conventional 

CEY detector is not suited for 2D XAFS 

measurements because it is used in a grazing 

incidence configuration. Therefore, a new CEY 

detector was designed for 2D-CEY-XAFS 

measurements. Figure 1 shows a schematic diagram 

of the 2D-CEY detector and the experimental setup 

at BL08B2. The 2D-CEY detector has a φ30-mm 

window in the center of the detector to the incident 

X-ray. The sample surface area that can be 

measured in 2D scanning is 10 mm square. Figure 2 

shows the results of the measurements of Fe foils 

and powders as samples. 

 

3. XAFS analysis of corrosion on a steel surface 

using machine learning 

In general, the corrosion behavior of steel materials 

varies in the forming process and structure of iron 

rust layers due to differences in environment and 

microstructure factors. Machine learning has 

quantified the atomic valence and bond change of 

the oxidation state on the surface of steel materials, 

which are difficult to measure using conventional 

analysis. 

The oxidation state of the corroded steel test piece 

and the Fe–O bond length were evaluated. The 

specimen surface before and after corrosion was 

measured by the 2D-CEY-XAFS method. The 

region of the specimen surface measured by the 2D-

CEY-XAFS method was 10 mm × 10 mm. The X-

ray beam size was 0.5 mm × 0.5 mm. The spectra 

obtained in these measurements were normalized 

and Fourier transformed using the Larch Library. 

Nonnegative matrix factorization with the soft 

orthogonality constraint (NMF-SO) method 

developed by Shiga et al [2]. was used to separate the 

component spectra in Fe oxides.  

Two-component spectra, Component-1 and 

Component-2, were separated by the NMF-SO 

method and were similar to γ-FeOOH and Fe, 

respectively. This result supports the report that 

rusts mainly composed of γ-FeOOH are formed at 

the early stage of atmospheric corrosion [3]. By 

reconstructing the proportion of Component-1, the 

progress of corrosion in the specimen surface was 

visualized (Fig. 3). The proportion of Component-1 

of XANES and Radial distribution function (RDF) 

map is close to 1, indicating that the oxidation of Fe 

and the formation of Fe–O limits the progress.

 

 

Fig. 3. (a) Photograph of rust on the surface using (b) XANES and (c) RDF score map of steel surface after a 3-

hour corrosion test. 
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The XANES map clearly distinguished the 

oxidation state on the steel surface. The RDF map 

also showed that the rust structure differed in the 

same oxidized region of the XANES map. These 

results suggest that the combination of synchrotron 

radiation analysis and machine learning can 

effectively elucidate rust formation mechanisms in 

initial corrosion. 

This study was conducted by Dr. Takahiro Ozawa 

of Kobe Steel. 
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BL24XU 

Hyogo ID 

 

1. Introduction 

BL24XU is known as the Hyogo ID beamline. It is 

a contract beamline designed by the Hyogo 

prefecture for industrial applications. It is a 

branched beamline employing a figure-8 undulator 

light source, a diamond (220) beam-splitting 

monochromator for branched line A, and a Si (111) 

double-crystal monochromator (DCM) for 

mainstream B. The end-station is specialized for 

high-resolution structural characterization by 

microbeams and imaging (Table 1).   

  Recently, we have begun actively promoting the 

use of informatics technologies such as machine 

learning for synchrotron radiation analysis. The 

informatics approach has the potential to rapidly 

derive the relationship among the structure, 

physical properties, and manufacturing processes 

by analyzing a number of specimens under different 

conditions. In addition, it may extract useful 

features from massive amounts of data such as two-

dimensional spectrum mappings. 

  In FY2019, T. Ozawa et al., who belonged to 

Kobe Steel, investigated the corrosion process on 

steel surfaces by means of two-dimensional X-ray 

microbeam back-reflection Laue diffraction 

measurements.  Adapting machine learning 

visualized the corrosion state distribution . 

  As a beamline upgrade in FY2019, the photon 

energy range available for experiments was 

expanded to the high energy side to promote 

applications of metal materials. Si(111) and Si(220) 

arranged crystals were installed into the DCM. The 

energy ranges, 5–37 keV in Si(111) and 8–60 keV 

in Si(220) settings, can be changed by simply 

translating them in the DCM system.  

  Efforts continue to develop new measurement 

methods. Bright-field X-ray topography, which was 

developed in recent years, is now available to 

industrial users. Here, we report its industrial 

applications as a research topic.  

 

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 μm – 1 mm 

Absorption, refraction contrast  

(projection / imaging microscope) 

Absorption, phase contrast (coherent diffraction) 

10 nm – 0.33 μm 

Microbeam SAXS / 

WAXD / XRF 

Periodic / aggregation structures of angstrom – 

several hundred nm  

Distribution of crystal grains 

Elemental mapping 

0.5–5 μm 

Bonse-Hart USAXS Periodic / aggregation structures of 16 nm – 6.5 μm bulk 

Highly parallel microfocus 

diffraction, bright-field 

topography 

Local strain, dislocation 
0.5–30 μm (diffraction),  

0.65 μm (topography) 

Near ambient pressure 

HAXPES 
Chemical state 30 μm 
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2. Bright-field X-ray topography 

Bright-field X-ray topography under multiple 

diffraction conditions has many advantages such as 

rapid determination of the Burgers vector and less 

deformation of the image when the diffraction 

vector is changed [1]. For the last few years, this 

technique has been applied to hexagonal crystals 

such as GaN and AlN substrates for high-power 

electronic devices [2, 3]. In these crystals, the Burgers 

vector of dislocations existing in the crystal is a-

type, c-type, or (a+c)-type.  

  The Burgers vectors of the characteristic 

dislocations were investigated from the topographic 

images of the dislocations on the basis of invisibility 

criterion of 𝒈 ∙ 𝒃 = 0 , where 𝒈  is a diffraction 

vector and 𝒃 is a Burgers vector of the dislocation. 

First, the topographic images near the 6-wave 

excitation of 𝒈202̅0(= −2𝒈𝑚2
) , 𝒈011̅0 (= 𝒈𝑚1

), 

𝒈112̅0 (= −𝒈𝑎3
), 𝒈211̅̅̅̅ 0 (= 𝒈𝑎1

),  and 𝒈11̅00 (=

𝒈𝑚3
) were acquired for the hexagonal crystals. In 

addition, topographic images of 𝒈𝑚+𝑐 and 𝒈𝑚−𝑐 

were acquired to distinguish between the a-type 

and (a+c)-type dislocations. For example, 𝒈𝑚+𝑐 

orthogonal to 𝒃𝑎1+𝑐  should be 𝒈𝑚1
 , 𝒈−𝑚2−𝑐  (=

−𝒈𝑚2+𝑐) , and 𝒈𝑚3−𝑐 . On the other hand, 𝒃𝑎1
  is 

orthogonal to 𝒈𝑚1+𝑐 , but not to 𝒈−𝑚2−𝑐  and 

𝒈𝑚3−𝑐.  

  Figures 1(a)–(e) show a series of the topographs 

of a GaN substrate with 𝒈011̅0 , 𝒈112̅0 , 𝒈101̅0 

(adopted here instead of 𝒈202̅0  to gain a larger 

structure factor for clearer dislocation images), 

𝒈211̅̅̅̅ 0, and 𝒈11̅00, respectively. Various dislocation 

images were taken at the same area. All the 

topographs except that in Fig. 1(a) show dislocation 

A, while dislocation B appears in all the topographs 

except that in Fig. 1(c). Dislocation C is visible in 

all the topographs except that in Fig. 1(e). 

Combined with the results of the topographic 

images of 𝒈𝑚+𝑐 , the Burgers vector of the 

dislocation of A is 𝒃𝑎1
=

1

3
[211̅̅̅̅ 0] . The multi-

wave bright-field X-ray topography shown in this 

report should be applicable to various single 

crystals used for electronic devices, especially to 

investigate crystal defects influencing device 

performance. 

 

 

Fig. 1. Topographs of basal plane dislocations taken 

by five reflections, 𝒈𝑎  and 𝒈𝑚 . 

Diffraction vectors are (a) 𝒈𝑚1
, (b) 𝒈−𝑎3

, 

(c) 𝒈−𝑚2
 (instead of 2𝒈−𝑚2

) , (d) 𝒈𝑎1
 

and (e) 𝒈𝑚3
, all lying parallel to the 

(0001) plane. 
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BL16XU 

SUNBEAM ID 

1. Introduction

BL16XU is known as SUNBEAM ID, and together 

with its sister beamline BL16B2, it was designed to 

develop various industrial materials. It utilizes the 

high-brightness beam at the large-scale synchrotron 

radiation facility in SPring-8, and is operated by the 

SUNBEAM Consortium, which is a private 

organization comprised of 13 companies (12 firms 

and 1 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. 

Fig. 1. Outline of BL16XU. 

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) 

 Kawasaki Heavy Industry, Kobe Steel, Sumitomo Electric Industries, Sony, Electric power group (Kansai 

Electric Power and Central Research Institute of Electric Power Industry), Toshiba, Toyota Central R&D 

Labs., Nichia, Nissan Motor, Panasonic, Hitachi, Fujitsu Laboratories, and Mitsubishi Electric Corp. 
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2. Utilization

Figure 2 shows the utilization of BL16XU in the 

past decade. The vertical axis shows the proportions 

for users, excluding the tune/study of the beamline 

itself. The upper graphic depicts the utilization by 

field. The application fields are mainly 

semiconductors, batteries, and materials. In recent 

years, battery-related research, which is typified by 

lithium-ion batteries, has increased. Additionally, 

semiconductors such as SiC and GaN are actively 

investigated.   

  The lower graph shows utilization by equipment 

(technology). Utilization of the HAXPES 

equipment, which was installed in 2014 and is 

mainly employed in semiconductor applications, is 

increasing. Additionally, studies on bonded 

dissimilar material structures are being conducted. 

Fig. 2. Relative utilization times of BL16XU in the 

past decade. 

3. Topics in FY2019

Below research and upgrades conducted in FY2019 

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. Additionally, a rotating spiral slit system was 

installed to improve the precision of the gauge 

volume position using a two-dimensional (2D) 

detector. Together, the detector and the spiral slit 

system (Fig. 3) yield spatial resolutions of 0.7 mm 

along the incident beam and 0.08 mm in the 

orthogonal direction. 

Fig. 3. Experimental apparatus for diffraction 

measurements. 

  Currently, a confocal XRD, which can selectively 

collect diffraction line intensities from tissues in 

deep areas of the sample, is under development. 

Figure 4 shows the diffraction pattern of the 

transmission arrangement of the laminated sample. 

In the transmission arrangement using the 2D 

detector of the sample in which Al and resin were 

laminated, each Al plate had three diffraction lines, 

but when using a spiral slit, an arbitrary focal 

position was obtained. 
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Yoshihisa Tochihara 

SUMBEAM Consortium  

Central Research Institute of Electric Power 

Industry 

Fig. 4. Example of a spiral slit test using laminated sample (Al/resin). 
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BL16B2 

SUNBEAM BM 

1. Introduction

BL16B2 is the SUNBEAM BM beamline. Together 

with its sister beamline BL16XU, it was designed to 

develop various industrial materials. It utilizes the 

high-brightness beam at the large-scale synchrotron 

radiation facility in SPring-8, and is operated by the 

SUNBEAM Consortium, a private organization 

comprised of 13 companies *  (12 firms and 1 

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 a multi-purpose experimental 

table for XAFS and imaging measurements. Figure 

1 and Table 1 show a schematic and the 

characteristics of BL16B2, respectively. 

Fig. 1. Outline of BL16B2. 

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) 

* Kawasaki Heavy Industry, Kobe Steel, Sumitomo Electric Industries, Sony, Electric power group (Kansai

Electric Power and Central Research Institute of Electric Power Industry), Toshiba, Toyota Central R&D

Labs., Nichia, Nissan Motor, Panasonic, Hitachi, Fujitsu Laboratories, and Mitsubishi Electric.
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2. Utilization

Figure 2 shows the utilization of BL16B2 in the past 

decade. The vertical axis shows the proportions for 

users, excluding the tune/study of the beamline 

itself. The upper graphic, which depicts the 

utilization by research field, demonstrates that 

BL16B2 is used in various industrial research fields. 

  The lower graphic shows utilization by 

equipment (technology). BL16B2 is mainly used 

for XAFS measurements, including two-

dimensional (2D) XAFS and operand 

measurements where transmission XAFS is 

combined with energy-scanning X-ray diffraction. 

Diffraction and imaging experiments have 

increased significantly according to the facility 

investment in recent years. 

Fig. 2. Relative utilization times of BL16B2 in the 

past decade. 

3. Topics in FY2019

Below research and upgrades conducted in FY2019 

are described. 

3-1. 2D XAFS

To understand the deterioration and reaction 

mechanisms of materials, XAFS can provide 

important information from both microscopic and 

macroscopic viewpoints. For battery electrode 

materials, an evaluation by a macro perspective is 

desired. In the case of multipoint measurements, it 

takes time to obtain high-definition 2D information. 

Hence, only sparse information can be obtained. 

  Our research endeavors at BL16B2 have 

independently developed software for performing a 

wide range (~10 cm) of 2D XAFS measurements 

(Fig. 3). Measurements using software developed 

by the LCF (linear combination fitting) method can 

obtain a wide range of high-definition information 

about materials in a short time (Fig. 4). Therefore, 

using this technology, a sample can be scanned in 

two dimensions for each specified energy, and the 

chemical state of the entire surface of the sample 

can be mapped in a short time. Visualization of the 

reaction distribution in materials on the surface such 

as catalysts and batteries will be performed in the 

future. 

Fig. 3. Software for 2D XAFS measurements. 
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Fig. 4. Example of a measurement using 2D XAFS 

software. 

Yoshihisa Tochihara 

SUMBEAM Consortium 

Central Research Institute of Electric Power 

Industry 
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BL44XU 

Macromolecular Assemblies 

1. Introduction

BL44XU is the beamline for macromolecular 

assemblies. It 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 from 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 with 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: PDIS) by MEXT, the 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 the 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, 

diffraction data collection requires high-brilliance 

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 

source Horizontal mirror
45.4 m

Vertical mirror Sample position
49.9 m47.5 m

(Both mirrors are coated with 
rhodium on a flat qurtz plate)
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3. Optics section

X-rays are monochromatized by a liquid nitrogen–

cooled Si double-crystal monochromator and 

focused 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 diverse 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 the 

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 multi-axis 

goniometer, direct beam stopper with an x-direction 

translation stage, LED light, co-axial telescope, and 

cryo-stream cooler (Fig. 3). This beamline can 

collect very low–resolution data below 400 Å (Fig. 

4). The goniometer is controlled by a high-precision 

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). 

(-1 2 1)
(0 2 0)

(-2 2 2)

100Å
90Å

(0 0 2)

(0 0 6)
(0 0 4)

(0 0 -2)

Table 1. Specification of a SmarGon 

Axis  (#6) 
 

(#3/#4) 
 (#5) 

Travel range (º) Unlimited 0–35 Unlimited 

Sphere of 

confusion (m) 
< 1.0 < 7.0 < 10 

Resolution of 

motion (º) 
< 100 < 20 < 20 

Velocity (º/s) 165 10 80 

Axis 
X 

(#3/#4) 
Y (#1)  (#2) 

Travel range 

(mm) 
± 2.0 ± 2.0 ± 2.0 

Resolution of 

motion (nm) 
< 5.0 < 5.0 < 5.0 

Velocity (mm/s) ~ 10 ~ 10 ~ 10 

Fig. 3. Goniometer section 

Fig. 2. (upper) Pinhole system. (lower) Shapes 

and beam intensities after different 

pinholes. 

70 m 50 m 30 m 20 m 10 m

9.57×1012 phs/sec 6.69×1012 phs/sec 2.64×1012 phs/sec 1.17×1012 phs/sec 2.71×1011 phs/sec

30×70 m 30×50 m 20×70 m 20×50 m 20×30 m

4.80×1012 phs/sec 4.30×1012 phs/sec 3.71×1012 phs/sec 2.50×1012 phs/sec 1.97×1012 phs/sec

10×50  m

1.53×1012 phs/sec

10×30  m

1.01×1012 phs/sec
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multi-axis goniometer, SmarGon (SmarAct GmbH, 

Germany), which emulates a four-circle goniometer 

(Table 1) and provides more freedom in the crystal 

geometry. 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). 

5. Detector section

A high-efficiency two-dimensional X-ray photon 

counter, EIGER X 16M (DECTRIS, Switzerland), 

which was installed in FY2018, is mounted on the 

bench with a wide crystal-to-detector distance of 

115–800 mm, a vertical offset of 0–150 mm, and a 

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). 

6. Sample changer and operation software

The beamline operation software BSS (beamline 

scheduling software) [1] and a sample auto-changer 

SPACE-II [2] are installed to unify user operations 

for all protein crystallography beamlines at SPring-

8. Eight Uni-Pucks can be set in the SPACE-II

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 

FY2019, more than 800 researchers used the 

beamline. The IPR supported travel expenses for 

researchers outside of Japan under the International 

Collaboration Program. 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). 

  Each year, proposals for experiments at the 

beamline under the Joint Usage program of IPR are 

received in early December. In addition, urgent 

proposals are accepted at any time. 

8. Platform project to support drug discovery

and life-science research (BINDS) 

As a member of the Structure Analysis Unit of the 

Fig. 6. Beamtime allocation in FY2019 

Fig. 5. Detector section with a sample changer. 
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BINDS project, the beamline and supporting data 

collection of large unit-cell crystals are being 

upgraded, and about 10% of the total machine time 

is allocated 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: mammalian 

Wnt-frizzled complex [4], DIX domains of 

Dishevelled and Axin [5], mammalian 

cryptochromes [6], [NiFe] hydrogenase maturation 

proteins, Hyp proteins [7] (Fig. 7). 

 

 

 

10. International collaborations 

International collaborations and academic 

exchanges between the NSRRC and the IPR 

promote scientific activities under the agreement 

between the two organizations since 2007. 

Atsushi Nakagawa*1, Eiki Yamashita*1, Keisuke 

Sakurai*1, Msato Yoshimura*2, Masaki 

Yamamoto*3,4, and Takashi Kumasaka*4 

*1 Osaka University 

*2 NSRRC 

*3 RIKEN SPring-8 Center 

*4 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) is designed to study quark–

nuclear physics. It uses a polarized photon beam 

produced by laser-induced backward Compton 

scattering from 8 GeV electrons. Photon energies 

from 1.5 GeV to 3 GeV are tagged by detecting 

recoiled electrons. A beam with such extremely 

short wavelengths (~1 fm) can be used to 

investigate the substructure of hadrons, which 

consist of quarks. In the standard experimental 

setup, forward-going charged particles produced by 

photo-reactions are detected with a high-resolution 

magnetic spectrometer. On the other hand, pair-

created electrons/positrons are also momentum-

analyzed by the spectrometer magnet. Thus, 

electrons or positrons around the 1 GeV energy 

region can be used. These are suitable to test and 

calibrate many types of detectors. BL33LEP has 

also been used for such test experiments as 

international joint usage. 

  In FY2019, the physics run was not performed, 

but some detector test experiments were carried out 

by the LEPS2 group and external users. One of the 

joint usage experiments is described below. 

 

2. Test of resistive plate chambers 

Four resistive plate chambers (RPCs) used in the 

LEPS2/BGOegg experiments were tested. These 

RPCs will be installed at J-PARC E16 and Fermilab 

EMPHATIC experiments. Since these RPCs had 

been stored without gas flow for 4 years, possible 

aging effects were studied. A new RPC amplifier 

with a fast shaping time for the time-over-threshold 

(TOT) method was also tested. Since TOT 

information is nearly proportional to the pulse 

height, ADCs are unnecessary, in principle, if the 

new amplifier is successfully working.  

  In the experiment, converted electrons/positrons 

with a 0.5-mm-thick lead target were used. The 

BGOegg RPC had dimensions of 25 cm × 120 cm 

with 8 readout strips with 2.5 cm × 100 cm. To test 

such a horizontally wide detector, electrons and 

positrons were vertically separated using a special 

permanent dipole magnet. Figure 1 shows the 

experimental setup. Each RPC is sandwiched with 

two scintillation counters for the trigger.  

 

 

 

Fig. 1. Schematic view of the experimental setup. 

 

  The obtained timing resolutions at the fixed 

positions of each readout strip were 50–80 ps. The 

aging effects were almost negligible. In the test of 

the new amplifier, the ADC value was so low that 

the slewing correction, which is the correction for 

the time shift caused by the pulse-height difference, 

was initially unsuccessful. When an external 

amplifier was added, a resolution of 65 ps was 

obtained. This value is similar to that of the old 

amplifier. 

 

3. Intensity upgrade by a pulsed laser 

synchronized with the electron bunch 
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Our research has investigated new ways to increase 

the beam intensity with low output power because 

lasers with a high output power cause distortion and 

faster deterioration of the optical components. The 

FY2018 test confirmed that the 355-nm pulsed laser 

synchronized with the electron bunch could be used 

for practical experimental use. In FY2019, deep UV 

266-nm pulsed lasers in the A-mode (203 bunches) 

operation were tested. The output pattern of the 

pulsed laser was controlled by a function generator. 

The RF signal from the SPring-8 storage ring was 

pre-scaled and used as the external trigger of the 

function generator. The beam intensity reached 1.2 

MHz around 4 W. However, the intensity gradually 

decreased with the frequency of the pulsed laser. To 

reduce multi-Compton scattering in the same bunch, 

in which the photon energy cannot be uniquely 

determined in the tagging system, it is desirable to 

raise the frequency as much as possible. To optimize 

the output pattern in each filling mode, the pulsed 

laser will continue to be developed.  

 

 

Fig. 2. Beam intensity obtained at each frequency. 

 

Masaru Yosoi 

Research Center for Nuclear Physics, Osaka 

University 
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BL31LEP 

Laser-Electron Photon II 

 

1. Introduction 

BL31LEP is known as the LEPS2 beamline. It 

injects 355-nm UV-laser light to the 8 GeV electron 

storage ring, providing a -ray beam (laser electron 

photon) up to 2.4 GeV by backward Compton 

scattering between the laser photons and the 

electron beam. This -ray beam is delivered to the 

LEPS2 experimental building, which is located 

beyond the storage ring. This beam irradiates the -

rays to targets, and measures the hadron 

photoproduction. 

  BL31LEP beamline has two separate 

experimental setups. One is for the BGOegg 

experiment, which uses an electromagnetic 

calorimeter as the main detector. The other is the 

solenoid spectrometer experiment, which uses 

charged particle trackers as the main detectors. 

  In FY2019, the first result from the BGOegg 

experiment was published and detector 

development of the solenoid spectrometer was 

performed. Below are highlights from FY2019. 

 

2. Results of the BGOegg experiment 

The search for baryon excited states was one of the 

research programs in the BGOegg experiment. The 

internal structure of hadrons can be discussed by 

experimentally clarifying the mass spectra and 

quantum numbers of highly excited states and 

comparing them with theoretical models. The first 

published paper [1] reported the π0 meson 

photoproduction process off the proton target and 

measured differential cross sections and photon 

beam asymmetries. Here, the photon beam 

asymmetry represents the bias in the π0 azimuthal 

angle distribution with respect to the linear 

polarization direction of the photon beam. These 

results provided basic data for partial wave analyses 

to explore the contributions of baryon resonances in 

the π0–proton system. This is the world’s first result 

to measure photon beam asymmetries with a high 

accuracy over a wide π0 angle region for photon 

beam energies exceeding 1.9 GeV. When π0 mesons 

were produced backwardly in this energy region, a 

sharp dip structure in the π0 polar angle dependence 

of photon beam asymmetries appeared, suggesting 

an interference by a highly excited state. 

 

3. Status of development of the solenoid 

spectrometer  

The solenoid spectrometer should support studies of 

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 in the United 

States. Currently, detectors that can detect both 

photons and charged particles are being developed.  

  The LEPS2 solenoid spectrometer consists of 

start counters (SCs), a time projection chamber 

(TPC), drift chambers (DCs), barrel resistive plate 

chambers (BRPCs), forward resistive plate 

chambers (FRPCs), barrel  counters (Bs), and 

aerogel Cherenkov counters (ACCs) (Fig. 1). A 

liquid-hydrogen target 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 
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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 

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 time-of-flight information of charged 

particles with a resolution below 100 ps. 

 

 

 

Fig. 1. Schematic of the LEPS2 solenoid 

spectrometer. 

 

From the momentum and velocity of a charged 

particle, the particle mass is determined. For high-

momentum particles, ACCs are used to identify the 

particle. In FY2019, detector commissioning tests 

of the solenoid spectrometer were performed. 

  In 2019A experiments, the DCs, TPC, FRPCs, 

and Bs were tested. The data acquisition system 

successfully acquired data from these detectors 

simultaneously. In 2019B, the TPC was repaired 

because the electron drift velocity in the TPC was 

slower than the nominal value. During the repair, all 

BRPCs were installed in the solenoid. In February, 

the repair work of the TPC was complete, and test 

experiments were performed. Data continues to be 

analyzed to reconstruct the Lorentz vectors of the 

charged particles and photons for the study of 

hadron physics. 

 

Masayuki Niiyama*1 and Norihito Muramatsu*2 

*1Kyoto Sangyo University 

*2Tohoku University 

 

Reference: 

[1] "Measurement of neutral pion photoproduction 

off the proton with the large acceptance 

electromagnetic calorimeter BGOegg", N. 

Muramatsu et al., Phys. Rev. C 100 (2019) 
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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). The light source of the beamline is a 

revolver undulator, which has two sets of magnet 

arrays. One array is a planar undulator, and the 

other is a helical undulator. A liquid nitrogen–

cooled double-crystal monochromator installed 

into the beamline provides monochromatic X-rays 

from 2.2 keV to 36 keV. In addition, a channel-cut 

monochromator, a focusing mirror system, and a 

diamond phase-retarder system are installed. 

  The beamline was established for materials 

science with a mission 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), (2) crystal 

structure analysis by high-resolution X-ray powder 

diffraction, and (3) structure analysis of functional 

thin films with an 8-axis diffractometer. 

2. Beamtime use and publications

Public use of the NIMS beamline is classified into 

two groups: NIMS researchers and outside users. 

Researches inside NIMS include collaborations 

with Tokodai Institute for Elements Strategy 

(TIES). Most of the accepted proposals from 

outside users were selected by the Nanotechnology 

Platform (NanoPF) project. In FY2019, 55 

proposals were accepted. (In FY2018, 67 proposals 

were accepted.) Of these, 33 were for NIMS 

researchers and 22 were for outside users. 

  The beamtime utilization ratio was 44% for 

HAXPES, 35% for thin-film X-ray diffraction, and 

21% for X-ray powder diffraction, including X-ray 

total scattering measurements for pair distribution 

function (PDF) analysis (Fig. 1). In the past few 

years, the percentage of beamtime for HAXPES 

has shown a slightly decreasing trend. Additionally, 

there have been no experiments using helical 

undulator since FY2017, and experiments using 

incident energies below 5 keV have become rare. 

Fig. 1. Percentage of usage by method. 

  Figure 2 shows the utilization ratio of 

beamtimes categorized by research area and 

material. The utilization percentage of 

electrochemistry, which accounted for 

approximately 10% of research until FY2017, has 

decreased noticeably. 
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Fig. 2. Percentage of research areas and materials. 

In FY2019, 39 peer-reviewed articles were 

published based on research at the beamline. This 

number is slightly lower than that published in 

FY2018, but it is the same as that of FY2016. 

3. Improvement of experimental apparatuses

Powder X-ray diffraction experiments have been 

conducted using high-resolution powder 

diffractometers with one-dimensional detectors. 

However, one-dimensional detectors are not 

sufficient for coarse grains such as in experiments 

using a diamond anvil cell (DAC) diffractometer. 

Such samples require a two-dimensional detector 

that can record the entire Debye ring. In past years, 

a combination of an imaging plate and an off-line 

reader had been used as a two-dimensional detector. 

However, the long readout time due to the off-line 

reader was a serious obstacle. To reduce the 

throughput time, we installed a flat-panel detector 

(Hamamatsu Photonics C7942CA-22) to the 

high-resolution powder diffractometer for the 30 

keV energy range. The flat panel detector has a 

120 mm × 120 mm sensor area, its pixel size is 50 

m × 50 m, and the number of effective pixels is 

2240 × 2344. Figure 3 shows the flat-panel 

detector attached to the high-resolution powder 

diffractometer. 

Fig. 3. Flat-panel detector attached to the 

high-resolution powder diffractometer. 

  We plan to use the flat-panel detector to screen 

powder samples for the evaluation of crystallinity 

and grain size prior to powder X-ray diffraction 

data collection. 

Yoshio Katsuya 

Synchrotron X-ray Station at SPring-8, Research 

Network and Facility Services Division (RNFS), 

National Institute for Materials Science (NIMS) 
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BL12XU 

NSRRC ID 

1. Introduction

BL12XU is one of the two contract beamlines 

operated by the National Synchrotron Radiation 

Research Center (NSRRC), Taiwan. It is designed 

mainly to support inelastic X-ray scattering (IXS) 

experiments and hard X-ray photoemission 

spectroscopy (HAXPES). BL12XU has an 

undulator light source, and two branches: the 

mainline and sideline (Fig. 1). The mainline, which 

has been fully operational since 2001, is used by 

both domestic and international scientists for IXS. 

The sideline is used for HAXPES. The HAXPES 

end-station is opened to general users, although 

some adjustments and upgrades by the Max-Planck 

Institute for Chemical Physics of Solids (MPI-

CPfS) are ongoing.  

2. Instrumentation

The following instrumental development occurred 

in FY2019. Larger upgrades on the inelastic 

spectrometers are planned for the next few years. 

2-1. High energy-resolution fluorescence–

detected (HERFD) XAS on 4d transition metal 

compounds  

High energy-resolution fluorescence–detected 

(HERFD)-XAS is a promising technique to 

investigate the chemical status of specific ions 

during a reaction. This technique is attracting 

increased attention from chemists as the lifetime 

broadening can be suppressed, realizing high-

resolution spectra. This advantage is especially 

useful for 4d transition metals such as Pd or Ag, 

which typically have lifetime broadenings as large 

as 5–10 eV. However, such experiments are 

challenging because few X-ray spectrometers are 

applicable to high-energy (15–25 keV) fluorescence 

from 4d transition metals.  

  To resolve this issue, a Laue-type X-ray Raman 

spectrometer is utilized in HERFD-XAS for Zr, Nb, 

Mo, Ru, and Pd standard foils. Figure 2 shows the 

results. Features hidden due to lifetime broadening 

in normal XAS are clearly visible in HERFD-XAS. 

This experimental configuration will be applied to 

more functional materials such as electrocatalysts, 

including Ag, Pd, or other 4d transition metals. 

3. Experiments

In FY2019, 24 experiments were conducted using 

resonant IXS (RIXS), 8 of non-resonant IXS 

Fig. 1. Schematic diagram (top view) of the 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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(NIXS), and 21 of HAXPES. Representative 

examples are introduced below.   

3-1. Electronic structure of dense solid oxygen

from insulator to metal investigated with X-ray 

Raman scattering 

High-pressure XAS on low-Z element samples is 

extremely difficult or almost impossible using 

conventional XAS techniques. This is because the 

absorption edges are in the VUV or soft X-ray 

regions, where photons are strongly absorbed in a 

pressure cell before reaching and after exiting the 

sample. Such edges can be measured by inelastic 

scattering.   

  Fukui et al. studied the insulator-to-metal 

transition in O2 at very high pressures, up to 130 

GPa, by X-ray Raman scattering. Solid oxygen, 

which is stable at high pressures > 6 GPa, undergoes 

several structure transitions as the pressure 

increases and eventually transits to the metallic 

phase around 100 GPa. Peaks due to the π* and σ* 

bands were observed around 532 eV and 542 eV in 

X-ray Raman spectra, respectively. As the pressure

increased, the peak positions increased on the 

energy axis, but abruptly decreased around 100 GPa. 

This indicates an energy lowering related to the 

insulator-to-metal transition. Moreover, a weak 

shoulder feature was observed on the tail of the π* 

peak before the transition, which may indicate the 

existence of a hidden phase transition such as an 

insulator-to-semimetal transition or an 

antiferromagnet-to-nonmagnet transition [1].  

Fig. 3. Solid oxygen compressed in a diamond anvil 

cell. At ~100 GPa, oxygen undergoes an 

insulator-to-metal transition. 

3-2. Interplay of atomic interactions in the

intermetallic semiconductor Be5Pt 

Semiconducting substances form one of the most 

important families of functional materials. However, 

semiconductors containing only metals are very rare, 

and the chemical mechanisms behind their ground-

state properties are only partially understood. Amon 

Fig. 2. HERFD-XAS spectra on standard foils for 

4d transition metals. HERFD spectra are 

represented by PFY (partial fluorescence 

yield), while normal-XAS is represented by 

TFY (total fluorescence yield). 
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et al. investigated the intermetallic compound Be5Pt 

using HAXPES. Unexpectedly, the HAXPES 

spectra revealed a semiconducting behavior 

(bandgap of 190 meV) for Be5Pt. It also showed two 

kinds of Be ions, which existed in different 

environments in the crystal and provided evidence 

of strong charge transfers from Be ions at both sites 

to the Pt ion. In fact, the combination of relativistic 

effects and the charge transfer due to the 

electronegativity difference between the 

components controlled the semiconducting 

behavior [2].  

N. Hiraoka*, Y.F. Liao, H. Ishii, M. Yoshimura, and

K.D. Tsuei 

National Synchrotron Radiation Research Center 

References: 

[1] Fukui et al, Proc. Nat. Acad. Soc. 116, 21385

(2019)

[2] Amon et al., Angew. Chem. Int. Ed. 58, 15928

(2019)
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BL12B2 

NSRRC BM 

BL12B2 is one of the two contract beamlines 

operated by National Synchrotron Radiation 

Research Center (NSRRC, Taiwan) under the 

collaborative research with Japan Synchrotron 

Radiation Research Institute (JASRI) and RIKEN. 

Though the beamline was originally designed for 

materials science and protein crystallography, due 

to completion of the 3-GeV Taiwan Photon Source 

(TPS) at NSRRC, the beamtime distribution 

between these research fields has changed. 

Currently, > 90% of the beamtime is assigned to 

material science users, and about 75% of the users 

are from Taiwan. The rest of the beamtime is 

shared between international users from Japan and 

around the world. 

  Figure 1 schematically depicts the beamline 

layout. The beamline is equipped with a 

collimating mirror (CM), a double crystal 

monochromator (DCM), and a focusing mirror 

(FM). The measured spot size and total flux of the 

beam are about 250m square and about 1.5×1011 

photons at the protein end-station at an incident 

photon energy of 12 keV, respectively. Five 

end-stations, EXAFS, projection X-ray microscopy 

(PXM), X-ray diffraction, X-ray scattering, and 

powder X-ray diffraction (powder XRD), are 

equipped tandemly inside the experimental hutch 

of BL12B2.  

  EXAFS experiments are performed at the 

EXAFS table. The EXAFS spectrum can be 

measured using both transmission and reflection 

modes. Temperature-dependent powder X-ray 

diffraction is measured using an image plate at the 

XRD table. X-ray scattering experiments can be 

performed using the HUBER six-circle 

diffractometer. The sample temperature of these 

two experiments can be changed from 20 K to 400 

K. In 2018, the PXM end station was installed at

the XRD table. High-pressure X-ray diffraction is 

performed using a CCD camera at the protein 

crystallography table.   

  The powder X-ray diffraction (powder XRD) 

end-station, which is equipped with a CCD and 

SPring-8 standard auto sample-changer system, 

Fig. 1. Schematic layout of BL12B2 
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was installed in FY2009, and was used for protein 

diffraction experiments until FY2017. However, 

beamtime for protein-crystallography users has 

diminished since FY2017. Currently, the powder 

XRD end-station is mainly used by material 

scientists. The user interface software for powder 

XRD experiments is the SPring-8 standard BSS 

software. The CCD detector was upgraded to 

Raynox MX225-HE in FY2014. Electrode 

(AUTOLAB PGSTAT204 (Metrohm)) was 

prepared for in situ electrochemical experiments.  

  Materials science experiments cover a wide area 

of topics such as new material research, energy 

science, nanoscience, and geophysical science. In 

FY2019, BL12B2 users published 27 papers in 

SCI journals.  

  BL12B2 is often used for in situ X-ray 

experiments for research on electrocatalysis such 

as battery research, oxygen reduction reaction, and 

CO2 conversion. Recently, the electrochemical 

conversion of CO2 to chemical fuel has become an 

important and promising strategy for global carbon 

balance. Prof. H-M. Chen (Taiwan Univ.) and 

colleagues have studied this topic 

widely  [3-7,9,10,12,13,16,17,20,27]. Additionally, Prof. T. 

Zhang (Chinese Academy of Sciences) measured 

the Ni K-edge EXAFS and published, “Atomically 

dispersed nickel as coke-resistant active sites for 

methane dry reforming” on Nature 

Communications [21]. 

Fig. 3. Pressure-dependent powder XRD patterns 

of Bi2−xSbxTe2Se with nominal x values 

  Other studies have focused on samples under 

extreme conditions to investigate new physical 

phenomenon. Research on a new type of 

superconductivity is a hot topic in the field of 

solid-state physics. Figure 3 shows the 

pressure-dependent XRD spectrum of a topological 

insulator Bi2−xSbxTe2Se upon substituting bismuth 

with antimony, which exhibits superconductivity at 

2.0 K [24]. This same group also studied XRD on 

other samples exhibiting superconducting 

properties [19,22,23]. 

Fig. 2. X-ray adsorption spectroscopy study of 

Ni/HAP-Ce catalysts. (a) Ni K-edge

XANES spectra of 500 °C reduced 

HAP-Ce–supported Ni catalysts and 

reference samples, and (b) the 

corresponding phase shift corrected 

k2-weighted Fourier transform [21]. 
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  User support is provided by three local beamline 

scientists and one engineer.  

 

Y.-F. Liao, M. Yoshimura, T. Tatsumi and H. Ishii 

NSRRC, Taiwan 
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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 15 

research groups from leading Japanese chemical 

and textile companies and academic researchers 

from universities. It has been 10 years since the 

usage installation contract was approved, and after 

undergoing the final examination, the second phase 

of FSBL was started. In the second phase, it will be 

operated as a beamline dedicated to soft-material 

structure evaluation with an emphasis on the small-

angle X-ray scattering method. 

 

2. Labor saving of small-angle camera distance 

change system 

Until FY2018, the camera distance was changed by 

fixing the detector position and moving the sample 

position upstream and downstream. However, 

adjusting the optical system was time consuming 

when the camera distance needed to be changed due 

to the numerous devices around the camera. In 

FY2019, the layout was changed so that the sample 

position is fixed, and the detector is moved 

upstream and downstream.  

  Figure 1 shows a photograph of the layout for a 

small-angle scattering measurement with a camera 

distance of 4 m. As the camera distance changes, the 

length of the vacuum pipe in the blue part is 

changed, while the sample in the red part remains 

the same. The detector behind it is moved upstream.  

  In addition, the sample mount can move 

(b) 

(c) 

(a) 

Fig. 1. (a) Small-angle scattering measurement 

layout with a camera distance of 4 m. Red 

square contains a guard slit to remove 

parasitic scattering, a microscope to 

observe the optical image of the sample, 

an automatic XZ stage for the sample, a 

detector for wide-angle scattering 

measurement, and a device brought in by 

the user. (b), (c) Photographs before and 

after evacuation of the sample mount for 

installation of large equipment, 

respectively. 
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significantly on the hutch floor rail. Similar to the 

old setup, users can bring and install a device as 

large as 3 m × 3 m × 4 m. It used to take about 1 h 

to change the layout, but this modification has 

shortened it to about 10 min. In the future, this 

process will be fully automated, realizing additional 

labor savings.  

 

3. Verification of light focusing conditions with 

mirrors 

In the conventional fixed position detector layout, a 

Kirkpatrick-Baez (KB) mirror is used to focus light 

on the detector surface to obtain the best angular 

resolution. In the case of a fixed sample position, 

the detector moves up and down, making it difficult 

to change the focusing position of the mirror 

according to the movement. The bend values of the 

KB mirror are determined so that the focal spot size 

does not change significantly in the range of 0.25–4 

m. 

  Figures 2(a) and (b) show the positional 

dependence of the X-ray size when the Front End 

slit size is set to 0.3 mm × 0.4 mm and the bend 

values of the KB mirrors with reflective surfaces 

horizontally and vertically are changed, respectively. 

By setting the bend values of the vertical KB mirror 

to 13,500 pulses and the horizontal to 19,500 pulses, 

the beam sizes were 30–60 μm and 140–170 μm 

(FWHM), respectively. Considering that the pixel 

size of the Pilatus detector is 172 μm × 172 μm, the 

angular resolution (pixel resolution) in the small-

angle scattering measurement can be sufficiently 

secured. 

 

Shinya Matsuno, Representatives of FSBL 

Tadahisa Iwata, Steering Committee Chair of FSBL 

(b) 

(a) 

Fig. 2. Beam size at the detector position when the 

curvature of the mirror (bend value) is 

changed (a) vertically and (b) horizontally. 
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BL07LSU  

The University-of-Tokyo Outstation Beamline for Materials Science 

 

The soft X-ray undulator beamline, BL07LSU, was 

constructed by Synchrotron Radiation Research 

Organization [1], the University of Tokyo, at the 

long-straight section of SPring-8 and devoted to 

joint-researches with domestic and international 

researchers since 2009B. In this article, we report 

status of the beamline and introduce selected 

achievements at the experimental stations.  

 

1. Undulator beamline 

The high-brilliant soft X-ray undulator beamline, 

SPring-8 BL07LSU, generates the synchrotron 

radiation beam of (1) hv: 250-2000eV, (2) E/ΔE: > 

10,000, (3) spot-size: < 10μm（zone-plate: 70nm）, 

(4) flux:  1012photons/s, and (5) variable light 

polarization. Since 2012B, 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 ） 3D nano-ESCA, 3 ）  Ultrahigh 

resolution soft X-ray emission spectroscopy 

(HORNET), and 4) free-port. All the stations are 

opened for users. Here, two achievements are 

introduced [2,3]. 

 

2-1 Free-port station: Ambient-pressure X-ray 

photoelectron spectroscopy (AP-XPS)  

Hydrogenation of CO2 on zinc-deposited Cu(997) 

surface was investigated by ambient-pressure X-ray 

photoelectron spectroscopy (AP-XPS) as a model 

system of methanol synthesis on Cu-ZnO 

catalysts [1]. In the presence of 0.8 mbar CO2 and 0.4 

mbar H2 gases, hydrogenation products are not 

observed; only carbonate is formed on Zn-Cu(997) 

surface (Fig. 1(a)). On the other hand, addition of 

water in the feed gas leads to hydrogenation of CO2 

to formate at sample temperatures around 400 K, 

and the produced formate is observed at 473 K (Fig. 

1(b)). This indicates that hydroxyl produced from 

dissociative adsorption of water is a source for the 

CO2 hydrogenation, and the reaction intermediates 

formed from CO2 was stabilized in the presence of 

the surface Zn atoms on the Cu substrate. 

 

 

Fig. 1. C 1s AP-XPS spectra of the Zn(0.3 ML)-

Cu(997) surface as a function of sample 

temperature in the presence of (a) 0.8 mbar 

CO2, 0.4 mbar H2, and (b) 0.8 mbar CO2, 0.4 

mbar H2, and 0.05 mbar water. 
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2-2 HORNET station: resonant soft X-ray 

emission spectroscopy with MCD (RIXS-MCD) 

RIXS and its MCD measurements (RIXS-MCD) in 

magnetic field were performed on a single-crystal 

half-metallic Heusler alloy, Mn2VAl, in order to 

obtain the electronic-structure based evidence of its 

half metallicity by monitoring both V and Mn 3d 

states [3]. The delayed branching off in the V 3d-2p 

fluorescence peak from the elastic peak (Fig. 2(a, 

b)) demonstrated the nearly negligible V 3d partial 

density of states (PDOS) around the Fermi energy. 

The clear appearance of the t2g-eg RIXS of V reflects 

the rather localized character of the V 3d states. 

Under the Mn L-edge excitation, on the other hand, 

the RIXS-MCD spectra were dominated by the 

fluorescence peaks showing a clear magnetic 

circular dichroism with noticeable excitation 

photon energy dependence (Fig. 2(c, d, f)). 

 

Fig. 2. (a-c) V L3-edge and (d-f) Mn L3-edge hvin-

dependent RIXS-MCD intensity maps of 

Mn2VAl in a magnetic field of 0.25 T. 

 

  Compared with the theoretical prediction of the 

RIXS spectra based on the density-functional-

theory band structure calculation, an itinerant, spin-

dependent character of the Mn 3d states and decays 

of the Mn 2p core states are confirmed in 

consistence with the half-metallicity of the Mn 3d 

states. 

 The sign and the shape of the RIXS-MCD are 

qualitatively reproduced in consistence with the 

DFT calculations and confirmed the absence of the 

up-spin Mn 3d PDOS at the Fermi level, 

demonstrating the half-metallicity of the Mn2VAl 

Heusler alloy. Thus, the bulk sensitive RIXS studies 

under external magnetic field are revealed to be 

essential to examine the detailed electronic 

structures of various Heusler alloys and family 

materials. 

 

Iwao Matsuda, Yoshihisa Harada 

Synchrotron Radiation Research Organization, 

the University of Tokyo 

(the Institute for Solid State Physics, the 

University of Tokyo) 
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BL33XU 

TOYOTA 

 

1. Introduction 

BL33XU was constructed in FY2009 and is 

operated by Toyota Central R&D Labs [1]. It was 

originally designed to perform quick-scanning X-

ray absorption spectroscopy (QXAFS) for 

operando analysis and three-dimensional X-ray 

diffraction (3DXRD), which were unavailable at 

SPring-8 before 2009. Currently, the beamline is 

equipped with instrumentation for small-angle X-

ray scattering (SAXS), X-ray diffraction (XRD) 

with a multi-axis goniometer, and X-ray computed 

tomography (CT) and laminography (Fig. 1). This 

report details the current status and recent 

technological progress of the beamline in FY2019. 

 

2. BL33XU beamline 

2-1. Beamline layout 

BL33XU is a medium-length beamline, and has an 

experimental facility building outside the storage 

ring building. An optics hutch is located in the 

storage ring building, and three experimental 

hutches (EH1–3), a chemical laboratory, and an 

office room constitute the experimental facility 

building. 

  Figure 2 shows the layout of the optical 

components of the beamline. The beamline has two 

optics with different types of monochromators. 

Optics 1 consists of horizontal deflection mirrors 

(M1 and M2) in the optics hutch, compact 

monochromators (C-Mono) with channel-cut 

crystals, and vertical deflection mirrors (M3 and 

M4) in EH1. Optics 1 is mainly used for QXAFS 

analysis. Optics 2 is composed of a double-crystal 

monochromator (SPring-8 standard type), vertical 

deflection mirrors (M4 and M5), and Kirkpatrick-

Baez (KB) focusing mirrors. A 1-µm-square 50-keV 

microbeam is available at EH3.  

 

2-2. Analysis techniques 

(1) QXAFS 

Rapid acquisition of XAFS data with a temporal 

resolution of up to 10 ms is realized by combining 

a servo-motor–driven channel-cut monochromator 

with a tapered undulator [2]. Two monochromators 

with Si(111) and Si(220) crystals cover an energy 

range 4.0–45 keV. Various in situ measurement 

techniques using the QXAFS system have been 

developed. These include simultaneous XAFS and 

Fig. 1. Analysis techniques at BL33XU. 

Fig. 2. Optical components of BL33XU. 
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XRD measurements of the positive and negative 

electrodes of lithium-ion batteries during charging 

and discharging [3]. 

(2) SAXS 

For SAXS, a PILATUS 300K (Dectris) detector is 

available and the camera length can be varied from 

tens of centimeters to 4.5 meters. Several in situ 

observation techniques using SAXS were 

developed. For example, the structural evolution of 

resins during injection molding can be analyzed [4]. 

(3) XRD 

A multi-axis goniometer system was developed to 

measure the internal stresses and strains of the 

mechanical and electronic components for 

reliability analysis. A newly developed rotating and 

revolving spiral slit system was installed in the 

goniometer system to detect diffraction from 

microregions in components with a two-

dimensional PILATUS detector. Rotating shield 

disks with unique spiral-shaped slits enable depth-

resolved strain distribution measurements [5]. 

(4) Scanning 3DXRD 

The scanning 3DXRD method was developed for 

non-destructive analysis of metallic materials with 

hundreds of grains in the observation region. In 

2013, this method was validated, and high-

resolution analysis using a high-energy microbeam 

was demonstrated in 2015 [6]. This method can 

acquire the average properties of each grain and the 

spatial distribution of the properties in the grain. 

Hence, the strain distribution in a grain and 

information on the crystal rotation associated with 

plastic deformation can be obtained [7]. 

(5) X-ray CT and laminography 

X-ray CT and laminography techniques were 

introduced to meet the growing demand for high-

resolution, non-destructive structural analysis of 

materials. A resolution less than 1 µm was achieved 

for the CT method, and a ~1-µm resolution was 

recently obtained in the laminography method. In 

addition, an imaging CT system with a Fresnel zone 

plate (FZP) was installed in 2017, which achieved a 

resolution of ~100 nm. 

 

3. Recent technological progress: Observations 

of dynamic behavior of liquid water in gas 

diffusion layer of polymer electrolyte fuel cells 

In polymer electrolyte fuel cells (PEFCs), water is 

generated on the cathode side of a membrane-

electrode assembly (MEA) during power generation 

(Fig. 3). Most of the generated water is discharged 

to the flow channel in the gas or liquid form 

(hereinafter referred to as water) through the gas 

diffusion layer (GDL). A flooding phenomenon, 

where a large amount of water remains in the 

cathode GDL during high-load operation, inhibits 

the diffusion of oxygen gas into the catalyst layer, 

resulting in a decreased power generation 

performance. To improve the power output of the 

Fig. 3. (top) Schematic diagram of a polymer 

electrolyte fuel cell (PEFC). (bottom left) 

SEM image of a micro porous layer (MPL). 

(bottom right) Optical microscope image of 

a substrate. 
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fuel cell, both water drainage and oxygen gas 

diffusion in the GDL must be optimized.  

  The GDL consists of a substrate layer and a 

hydrophobic microporous layer (MPL). The 

substrate is made of carbon fiber and a binder. It has 

pore structures of tens to hundreds of µm. For the 

substrate, the dynamic behavior of water during 

power generation was visualized three-

dimensionally by operando X-ray micro-CT 

measurements [8-10]. The MPL consists of electron-

conducting nano-scale carbon and 

polytetrafluoroethylene (PTFE) with pore structures 

of tens to hundreds of nm. The behavior of water in 

the MPL, which is close to the catalyst layer, is not 

well understood because the high X-ray absorption 

of platinum in the catalyst layer makes X-ray CT 

measurements difficult for the adjacent MPL. 

  In this study, X-ray micro-CT measurements 

were made by injecting water into the GDL to 

investigate the behavior of the water in the MPL. X-

ray CT can be measured without a catalyst layer by 

simulating the power generation state with water 

injection. An MPL with relatively large pore 

structures of tens to hundreds of μm was observed. 

X-rays were monochromatized at 14 keV using a 

standard monochromator, and 600 transmission 

images were acquired while rotating the sample 

180° in 4.2 s. An X-ray camera with a pixel size of 

0.65 µm × 0.65 µm as used as the detector. Three-

dimensional reconstruction was performed using 

the software [11,12]. 

  The X-ray CT results showed that the MPL was 

mainly composed of small pores of ~30 µm and 

large pores of ~100 µm. Figure 4 shows the 3D 

structure of the region containing the small pores 

and their temporal evolution during water injection. 

For the small pores, only certain pores were filled 

Fig. 4. 3D images of small pores (~30 µm) and their 

temporal evolution. Light gray: pores, dark 

gray: MPL materials, blue: water. 

Fig. 5. 3D images of large pores (~100 µm) and their 

temporal evolution. Light gray: pores, dark 

gray: MPL materials, blue: water. 
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with water, but then the amount of water in the other 

pores increased.  

  Figure 5 shows the temporal evolution of the 3D 

structure of the region containing the large pores. 

Immediately after the water injection, water 

accumulated in the small pores around the large 

pores; later, water accumulated in the large pores, 

but they did not reach saturation. Subsequently, the 

amount of water in the large pores decreased rapidly.  

  Figure 6 shows the temporal evolution of the 

water saturation rate obtained from the 3D images 

in Figs. 4 and 5. The water saturation rate at the 

small pores monotonically increased while the 

water saturation rate of the large pores showed an 

oscillating trend between 25% and 35%. Several 

such oscillations were observed, which may reflect 

the water movement pattern in the MPL. 

 

Takamasa Nonaka and Satoshi Yamaguchi 

Toyota Central R&D Labs 
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BL28XU 

RISING II  

 

1. Introduction 

BL28XU is designed to realize technological 

innovations in batteries. 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 with an 

energy density far greater than that of the current 

lithium-ion battery while maintaining the durability 

and life equivalency has attracted much attention. 

As part of the Research and Development Initiative 

for Scientific Innovation of New Generation 

Batteries (RISING2) project, 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 addition, various 

advanced analysis tools for research on innovative 

storage batteries have been developed at 

BL28XU [1]. 

  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], and hard X-ray photoelectron 

spectroscopy [7]. Since 2016, the RISING2 project 

has been ongoing as a contract research project of 

the New Energy and Industrial Technology 

Development Organization (NEDO) to promote 

technological advances for practical uses of storage 

batteries. 

  Based on the results of RISING, which was the 

predecessor of RISING2, research focuses on three 

subjects for storage batteries over a wide 

spatiotemporal scale: (1) elucidation of the 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. Below representative achievements in 

FY2019 are reported. 

 

2. Anomalous X-ray scattering experiment on a 

liquid electrolyte 

Anomalous X-ray scattering (AXS) is a useful 

technique to clarify local structures around a 

specific element. In the case of a liquid electrolyte 

used for a battery, AXS may provide local structural 

information around metallic ions, which is closely 

related to various properties such as viscosity, 

solubility, and ionic conductivity. Therefore, 

structural insights obtained by AXS are important to 

design a superior electrolyte and improve battery 

performance. However, liquid electrolytes used for 

batteries have yet to be investigated with this 

technique due to the dilute concentration of the 

metallic ions in the electrolyte. In addition, the 

measurement time of AXS is typically more than a 
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few hours, which can induce X-ray radiation 

damage to the liquid sample. 

  To demonstrate the feasibility of the AXS method 

to liquid electrolytes, this technique was applied to 

4 M KOH aqueous solution, which included 0.5 M 

of ZnO [8], a typical electrolyte used in alkaline 

batteries, silver oxide batteries, and zinc–air 

batteries. Note that the concentration of Zn2+ ion 

was only about 0.3 mol%. 

  Figure 1 shows pictures of the sample cells. 

When the KOH solution in the cell was irradiated 

with synchrotron X-rays, serious damage was 

observed in the Kapton X-ray windows (Fig. 1(a)). 

Therefore, polyether ether ketone (PEEK) films 

were adopted to seal the sample (Fig. 1(b)), which 

stably held the liquid sample throughout the AXS 

experiment. Additionally, to suppress the damage 

on the sample caused by the intense X-rays, the 

incident beam flux was set to ~3×1011 photons/s, 

which is about two orders of magnitude lower than 

the typical value in BL28XU. 

  The scattered X-rays were recorded by the silicon 

drift detector at the incident X-ray energies of 9.637 

keV (En) and 9.412 keV (Ef), which are 25 eV and 

250 eV lower than the K-edge of the Zn2+ ion, 

respectively. The scan was repeated 27 times at En 

and Ef alternatively. The entire measurement 

required 40.5 h. Despite such a long irradiation time, 

the scattering patterns obtained at the first scan 

agreed well with those obtained at the last scan 

within the errors. 

  Figure 2 shows the obtained scattering patterns 

recorded at En and Ef. These scattering patterns 

almost overlap with each other, reflecting the dilute 

concentration of the Zn2+ ions. However, when 

comparing these patterns in more detail, a slightly 

lower intensity is observed for En than for Ef. This 

is the effect of the anomalous scattering term. 

  Figure 3(a) shows the differential structure factor 

ΔZnS(q) derived from the difference between the 

two scattering patterns in Fig. 2. Although the 

appearance of the ΔZnS(q) was noisy, an oscillatory 

pattern with peaks around 2.0 Å−1 and 3.8 Å−1 

appeared, which was confirmed with the smoothed 

curve. Figure 3(b) shows the pair distribution 

function ΔZnG(r) obtained by the Fourier 

transformation of ΔZnS(q). The two peaks labeled as 

A and B were observed around 2.0 Å and 3.7 Å, 

respectively. While peak A corresponded to the Zn–

O bond in the [Zn(OH)4]2− anion species, peak B 

corresponded to the atomic correlations outside the 

[Zn(OH)4]2− anion, indicating the formation of a 

polymeric species. The presence of a polymeric 

 

Fig. 1. Pictures of the sample cells. (a) Kapton 

and (b) PEEK films are used for the X-

ray windows. 

 

Fig. 2. Scattering patterns of 4 M KOH + 0.5 M 

ZnO aqueous solution measured at 𝐸n 

and 𝐸f.  
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species has been suggested by spectroscopic 

techniques, but the EXAFS technique has yet to 

detect any structural features corresponding to such 

species [9]. Consequently, AXS is more sensitive to 

medium-range correlations than EXAFS, and 

successfully detected peaks A and B. 

 

  This work demonstrates the usefulness of the 

AXS technique for analyzing the local structure 

around dilute metallic ions. AXS should contribute 

to improved performances of batteries on the basis 

of the microscopic insight into metal complexes 

formed in the liquid electrolytes.   

 

3. Development of operando hard X-ray 

photoelectron spectroscopy (HAXPES) system 

for an all-solid-state battery 

A number of analytical methods have been used to 

clarify the charge–discharge mechanism of a 

lithium-ion battery and to improve its performance. 

Among them, operando analysis methods using 

XRD and XAFS have been realized in many 

synchrotron radiation facilities. However, operando 

XPS methods, which can observe the core level and 

valence bands, are rare because the probing depth is 

small (< several nm) and vacuum conditions are 

required. In FY2019, an operando HAXPES system 

for an all-solid-state battery was realized. This 

system can observe bulk-sensitive electronic states 

in electrode active materials due to the large probing 

depth (~10 nm to 50 nm) using photoelectrons 

excited by hard X-rays (> 6 keV) [10].  

  Figure 4(a) shows the dedicated bias-applied 

manipulator and sample holder for operando 

HAXPES measurements. A positive electrode 

LiCoO2 was synthesized on a LICGC solid 

electrolyte substrate (OHARA) by pulsed laser 

deposition, and a current collector Al film was 

deposited thereon by electron beam evaporation. A 

buffer layer Li3PO4 and a negative electrode Li were 

laminated on the backside of the LICGC substrate 

by magnetron sputtering and resistance-heating 

vacuum evaporation, respectively. The operando 

HAXPES measurements were performed during 

galvanostatic charge–discharge tests between 3.0 V 

and 4.2 V. 

  Operando HAXPES successfully measured the 

reversible changes of the electronic states while 

charging and discharging the LiCoO2 model thin 

film (Fig. 4(b)). In the Co 2p spectra, the main peak 

width at 780 eV and the satellite peak at 790 eV 

increased and decreased with charging, respectively, 

suggesting the valence changes from Co3+ to Co4+. 

In the O 1s spectra, the peak derived from the lattice 

 

Fig. 3. (a) Differential structure factor ΔZnS(q) 

and (b) pair distribution function ΔZn(q) 

of the 4 M KOH + 0.5 M ZnO aqueous 

solution.  
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oxygen of LiCoO2 at 530 eV was split by charging, 

suggesting that oxygen anion contributes to the 

redox reaction. Therefore, operando HAXPES 

measurements can be a useful technique for analysis 

of reaction mechanisms for both anions and cations 

in active materials. 

 

Fig. 4. (a) Schematic of the LiCoO2 thin-film cell and the electrochemical setup for operando HAXPES. (b) 

Operando HAXPES spectra of Co 2p and O 1s during the 1st charge, 1st discharge, and 2nd charge of 

the LiCoO2 thin-film cell. 
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BL36XU 

Catalytic Reaction Dynamics for Fuel Cells 

 

1. Introduction 

BL36XU at SPring-8 is designed to solve problems 

in development of next-generation polymer 

electrode fuel cells (PEFCs). Its construction and 

advanced SR X-ray–based analysis systems for 

studying PEFCs were developed under a New 

Energy and Industrial Technology Development 

Organization (NEDO) program [1]. Construction 

was completed in November 2012, and user 

operations began in January 2013. Additionally, 

simultaneous/sequential multi-analysis systems 

were made available to users in October 2016.  

The performance of PEFC is highly sensitive to 

sample conditions such as humidity, temperature, 

gas pressure, and contamination of an MEA. 

Compared to measurements obtained at different 

points, simultaneous or sequential measurements 

using multi-analysis methods on a point fixed in the 

sample provides more reliable information than 

those obtained at different measurement points. 

Such measurements can effectively clarify the 

complex reactions occurring in a PEFC during 

operation [2]. This report describes the quick 

operando ambient pressure HAXPES (AP-

HAXPES) measurement system for PEFCs 

developed at BL36XU. 

 

2. Quick operando ambient pressure HAXPES 

for reaction kinetic measurements of PEFCs 

A real AP-HAXPES system equipped with a 

differential pumping system was developed in 

FY2017 [3]. The AP-HAXPES system has been used 

to investigate the electronic states of platinum 

nanoparticles on cathode electrocatalyst in PEFCs 

under the various operating conditions [4]. 

In FY2019, a quick operando AP-HAXPES 

measurement system was designed and constructed 

to investigate the reaction kinetics in PEFCs under 

working conditions [5]. Figure 1 shows a schematic 

view of this system. To accumulate time-resolved 

spectra with sufficient signal-to-noise ratios, 

repeated cycles of the chemical reactions were 

conducted based on the time-tagged pump-and-

probe method. The time-resolved AP-HAXPES 

measurements can be performed at typical pressures 

of 1104 Pa – 1105 Pa with the maximum time 

resolution of ~200 ms. To avoid possible radiation 

damage on the sample due to prolonged intense X-

ray irradiation, the sample position can be varied 

continuously with a scanning speed of ~20 m/min 

along the vertical direction.  

 

Fig. 1. Schematic of the quick near AP-HAXPES 

system [5]. 

 

Figure 2 shows time-resolved Pt 3d5/2 HAXPES 

at the cathode when the bias voltage suddenly 

changes between the cathode and anode (0.4 

V1.2 V) to evaluate the reaction rate constants in 
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the changes of the Pt oxidation states. The system 

can investigate the oxidation and reduction kinetics 

of the cathode Pt electrode in PEFC at ~30 C. 

 

Fig. 2. Time dependence of Pt 3d5/2 HAXPES from 

the Pt/C cathode catalyst upon an abrupt step 

of the cathode–anode bias voltages between 

0.4 V and 1.2 V [5]. 
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5-4. SACLA Beamlines 

 

1. Operation status 

SCALA contains three beamlines (BL1–3), which 

are currently available for user operations [1]. Table 

1 summarizes the latest operational parameters of 

the beamlines. The soft X-ray free-electron laser 

(SX-FEL) beamline (BL1) has a dedicated 800-

MeV linac to produce femtosecond SX pulses with 

photon energies of 40–150 eV [2]. The two X-ray 

FEL (XFEL) beamlines (BL2 and BL3) are driven 

in parallel by the SACLA main linac, which can 

switch an electron-beam route in a pulse-by-pulse 

manner. Owing to the three-beamline operation 

started in FY2017, the user beamtime increased 

from ~4,000 hours in FY2016 to ~6,400 hours in 

FY2019.  

  In addition to the two XFEL beamlines, the main 

linac can provide a high-quality electron beam to 

the storage ring of SPring-8. Through elaborate 

injection tests in FY2018 and FY2019, 

simultaneous operations of SACLA and SPring-8 

have commenced since April 2020. The parallel 

injection scheme slightly influences the operation of 

the XFEL beamlines, but it is not serious for most 

user experiments. SACLA suspends the XFEL 

operation for a while (roughly 10–20 min) during 

the beam injection to build up the electron charge in 

the SPring-8 storage ring. During the top-up 

operation of SPring-8, SACLA keeps the XFEL 

operation. An electron bunch is extracted from the 

60-Hz bunch train and delivered to SPring-8 only a 

few times a minute. 

  The beamlines and experimental stations were 

upgraded through close collaborations with experts 

inside and outside the facility. Three strategic 

programs are ongoing to facilitate collaborative 

R&Ds: 

(1) SACLA Basic Development Program 

(2) SACLA Industry–Academy Partnership 

Program 

(3) SACLA Research Support Program for 

Graduate Students 

Here, the major upgrades of the beamlines and 

experimental stations in FY2019 are described. 

 

Table 1. Major operational parameters of SACLA [1]. 

 

2. SX-FEL beamline (BL1) 

2-1. Advanced focusing optics 

A sub-micrometer focusing system for SX-FEL was 

developed in collaboration with Prof. H. Mimura 

(The University of Tokyo) under the SACLA 

Research Support Program for Graduate Students [3]. 

A two-stage focusing scheme was adopted to 

construct an optical system with Kirkpatrick-Baez 

(KB) mirrors (first stage) and an ellipsoidal mirror 

(second stage). This system is currently being 

employed in user experiments.  

  The system was applied to a spatially resolved 

measurement of the magneto-optical Kerr effect 

 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 

Pulse duration ~30 fs <10 fs 
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(MOKE) (scanning MOKE method). Figure 1 

schematically shows the layout of the scanning 

MOKE experiment. The magnetic structures of an 

iron film were visualized with a resolution of 7 

μm [4]. 

  The two-stage focusing scheme was further 

developed for more advanced systems. Key optical 

elements are rotationally symmetrical mirrors with 

hollow shapes at the second stage. For example, a 

pair of hollow-shaped Wolter mirrors was used as 

the second-stage optics in a SX full-field 

microscope [5].  

 

2-2. New experimental instruments 

The SX-FEL beamline did not have common end-

station instruments for specific experimental 

methods. Users had to bring their own instruments 

to perform their experiments. This style is 

advantageous in accommodating the needs of 

diverse applications in the initial development stage 

of BL1. However, common-use instruments are 

necessary for efficient operations of experiments 

with well-established methods. 

  An ellipsometer for MOKE measurement was 

developed as a common-use instrument in 

collaboration with Prof. I. Matsuda (The University 

of Tokyo) under the SACLA Basic Development 

Program [6,7]. This MOKE instrument has multilayer 

mirrors for polarimetry of reflected light from the 

sample. These mirrors are switchable in a vacuum 

for resonant MOKE measurements at different 

photon energies [6]. In FY2020, the current system 

will be upgraded to a new one with a focusing 

mirror for incident SX-FEL and an in-vacuum 

sample changer. 

 

 

Fig. 1. Experimental system for a scanning MOKE method at SACLA BL1 [4]. 

 

3. XFEL beamlines (BL2 and BL3) 

3-1. Instrument for coherent diffraction imaging 

(CDI) using a 100-nm XFEL beam 

The Multiple Application X-ray Imaging Chamber 

(MAXIC) is an experimental instrument for CDI [8]. 

An advanced MAXIC (MAXIC-S) was developed 

for 100-nm focusing of the incident XFEL in 

collaboration with Prof. Y. Nishino (Hokkaido 

University). Multilayer KB mirrors can focus 4.0-

keV X-rays [9]. Due to the high photon density of the 

focused beam, sample images can be obtained with 

resolutions on the nanometer order. The MAXIC-S 

was installed at EH4b of BL2 in FY2019.  

 

3-2. Experimental platforms with high-power 

optical laser systems 

Since FY2018, experimental platforms equipped 

with high-power optical lasers have provided 
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additional research capabilities to SACLA 

users [10,11]. The platforms are continuously 

developed for the studies on physical phenomena or 

material states under the extreme conditions 

produced by high-power lasers. 

  A long-pulse laser with a maximum energy above 

50 J can excite a strong shock wave in a sample 

placed in a vacuum chamber at EH5 of BL3 [10]. The 

shock wave can compress a sample with a pressure 

above 100 GPa. XFEL probes the states of 

compressed matter via the X-ray diffraction (XRD) 

or small-angle X-ray scattering (SAXS) methods. 

XFEL can also capture ultrafast images, which 

show shock-wave propagation in matter. Since 

uniformity of the shock front is important in these 

experiments, diffractive beam homogenizers were 

developed in collaboration with Prof. N. Ozaki 

(Osaka University) with the support of the SACLA 

Basic Development Program. The laser pulse 

focused through the homogenizer has a quasi-

flattop profile, which is suitable to excite a uniform 

shock wave. 

  A Ti:sapphire laser system, which delivers 40-fs 

optical pulses with a Joule-class energy, can 

produce high-energy-density states of matter at EH6 

of BL2 [11]. Most experiments require a precise 

overlap in time and space. The timing jitter of the 

synchronization between the XFEL and the optical 

laser is equal to or less than the pulse duration (Fig. 

2). In FY2019, an emission X-ray imaging system 

was installed on the platform to characterize the 

spatial overlap of the tightly focused lasers down to 

a few tens of micrometers or less. The system 

consists of a spherically bent quartz crystal to 

capture the monochromatic images of copper Kα X-

rays generated by the irradiation of intense-optical 

laser or the XFEL to copper foils. 

 

Fig. 2. Relative arrival timing of the high-power femtosecond optical laser to the XFEL (orange) and its 

standard deviation (green) corresponding to the jitter of arrival timing [11]. 

 

4. Research highlights 

4-1. Structure analysis of Photosystem II (PSII) 

in intermediate states of the water oxidation 

cycle 

Professor J.-R. Shen (Okayama University) and 

coworkers analyzed damage-free structures of PSII 

using ultrashort X-ray pulses of SACLA. For the 

five (S0–S4) in the water oxidation photocycle, they 

determined the structures of three intermediate 

states (S1–S3) using serial crystallography and 

179



 

SACLA Beamlines 

flash-cooled or ambient-temperature crys-

tals [12,13,14]. These structures indicate a mechanism 

of dioxygen formation in photosynthetic water 

oxidation. 

 

4-2. Ultrafast X-ray spectroscopy for tracking 

photochemical processes 

Katayama and coworkers applied time-resolved X-

ray absorption spectroscopy to explore ultrafast 

chemical processes in a photo-excited molecule on 

the femtosecond timescale [15]. They tracked the 

wavepacket dynamics associated with a bond-

length change in a Cu(I)–phenanthroline complex. 

Their results demonstrated that ultrafast X-ray 

spectroscopy can provide deeper insights into 

chemical reactions. 

 

Shigeki Owada*1,2, Yuya Kubota*2, Toshinori 

Yabuuchi*1,2, Kensuke Tono*1,2, and Makina 

Yabashi*1,2 

*1 XFEL Utilization Division, Japan Synchrotron 

Radiation Research Institute 

*2 Beamline Research and Development Group, 

XFEL Research and Development Division, 

RIKEN SPring-8 Center 
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6. Industrial Use 

 

1. Overview 

In FY2019, 121 companies conducted experiments 

in SPring-8, and 95 used the public beamlines. Of 

the approved proposals at public beamlines, 16% 

had project leaders from companies (proposals by 

industrial users) (Fig. 1). Over half of all industrial 

user experiments were performed at the three 

Engineering Science Research beamlines: BL14B2, 

BL19B2, and BL46XU (Fig. 2). About 70% of the 

approved proposals by industrial users were 

Proprietary Proposals (Fig. 1), and over half of these 

(about 58% as shown in Fig. 2) were performed at 

the Engineering Science Research beamlines. These 

statistics demonstrate that the experiments 

conducted at SPring-8 are useful and effective for 

industrial research and development among 

company users. 

 

2. General proposals for industrial applications 

General proposals for industrial applications are 

non-proprietary. They require that the project team 

include at least one person employed by a private 

company. Such proposals submitted to the 

Engineering Science Research Beamlines are 

reviewed six times per year. In FY2019, 165 of the 

218 submitted proposals were approved. 

 

3. Priority research program for industrial 

applications 

At the three Engineering Science Research 

beamlines, cross-SR facility use proposals for 

industrial applications were conducted as a priority 

research program. The aim of this program is to 

produce outputs of SR experiments in industrial 

application fields using SPring-8 and other SR 

facilities by considering the characteristics of SR 

Fig. 1. Number of approved proposals in FY2019 categorized by the organization of the 

project leader. 
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beams. In FY2019, 10 of the 14 submitted priority 

research proposals were approved and performed. 

 

4. Measurement services 

Applications for measurement services are accepted 

at the Engineering Science Research Beamlines as 

proprietary proposals. Services include XAFS 

(BL14B2), powder diffraction (BL19B2), SAXS 

(BL19B2), HAXPES (BL46XU), and X-ray 

diffraction on thin-film samples (BL46XU) 

measurements. In these services, users send the 

samples and beamline staff conduct the 

measurements. The beamtime is provided in 2-hour 

increments. Users can submit proposals up to two 

weeks prior to the scheduled dates for the 

measurement services. Due to these features, the 

measurement services are useful for company users. 

In FY2019, 57% of proprietary proposals by 

companies at the Engineering Science beamlines 

were for measurement services (Fig. 3). 

5. Feasibility study proposals for industrial 

applications 

From 2019A, feasibility study proposals for 

industrial applications were accepted at the 

Engineering Science Research Beamlines as 

proprietary proposals. These proposals are for 

preparation of experiments (sample check, 

feasibility test of experimental techniques, etc.). 

Similar to measurement services, these proposals 

can commission measurements by beamline staff. 

Beamtime is allocated by the hour for a maximum 

of two hours. Proposals can be submitted up to two 

weeks prior to the scheduled dates for the 

measurements. However, one difference from 

measurement services is that feasibility study 

proposals are accepted for all experimental 

techniques available at the Engineering Science 

Research Beamlines. Feasibility study proposals 

were established to realize easy-to-implement 

proprietary proposals and cost reduction. In 

Fig. 2. Number of performed proposals by industrial users at public beamlines in FY2019. 
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FY2019, 13 feasibility study proposals for 

industrial applications were accepted (Fig. 3). Of 

these, 5 led to applications of proprietary proposals. 

 

6. Lectures, workshops, and training for users in 

industrial application fields 

The industrial application division holds lectures, 

workshops, and training for beginners and potential 

users in industrial application fields. In FY2019, 

two lectures on XAFS analysis were held. In 

addition, there were three workshops on electron 

devices, metals, and catalysis. There were 258 

participants at the workshop titled, “The 16th Joint 

Conference on Industrial Applications of SPring-8”, 

which was held on September 5–6, 2019. Trainings 

on XAFS and X-ray imaging were held twice 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. 

 

7. Publications of industrial application fields 

The XAFS spectral database of standard samples 

was published on the SPring-8 website 

(http://support.spring8.or.jp/xafs/standardDB_02/st

andardDB.html). In FY2019, 157 XAFS spectra 

were added to the database. By the end of FY2019, 

there were 1042 XAFS spectra published. 

Additionally, there were 74, 47, and 41 peer-

reviewed papers published in FY2019 for research 

at BL14B2, BL19B2, and Bl46XU, respectively. 

 

Masugu Sato 

Industrial Application Division, JASRI 

 

 

Fig. 3. Number of proposals performed at the three Engineering Science Research 

beamlines in FY2019 categorized by proposal type and the organization of the 

project leader. 
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7. Proposal Committee 

 

This report provides details of the FY2019 activities 

of the committees related to Usage Promotion 

Services of JASRI as a Registered Institution for 

Facilities Use Promotion (hereafter, Registered 

Institution) among the activities of SPring-8 and 

SACLA committees. 

 

1. SPring-8 

1-1. Committee overview  

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; hereafter, Public Utilization Act), 

the Registered Institution established the SPring-8 

Selection Committee and held meetings to solicit 

feedback about User Selection Services of JASRI. 

Moreover, the following committees were 

established and held meetings so that the president 

of JASRI can select proposals as the representative 

of the Registered Institution: (a) SPring-8 Proposal 

Review Committee for reviewing research 

proposals, (b) Contract Beamline Committee for 

reviewing contract beamlines, (c) Partner User 

Review Committee for reviewing Partner Users, (d) 

Epoch-Making Initiatives Projects Review 

Committee for reviewing research groups for 

Epoch-Making Initiatives Projects, and (e) SPring-

8/SACLA Research Results Review Committee for 

examining matters related to the publication of 

research results. 

  Moreover, a meeting of the Review Committee of 

Research Activities as a 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. Committee meetings  

Committee meetings were held as follows: 

 

29th SPring-8 Selection Committee Meeting 

[Date] August 8, 2019 

[Location] Station Conference Tokyo (Tokyo) 

 

30th SPring-8 Selection Committee Meeting 

[Date] February 13, 2020 

[Location] Station Conference Tokyo (Tokyo) 

 

31st SPring-8 Proposal Review Committee Meeting 

[Date] August 2, 2019 

[Location] SPring-8 

 

32nd SPring-8 Proposal Review Committee 

Meeting 

[Date] January 31, 2020 

[Location] SPring-8 

 

29th Contract Beamline Committee Meeting 

[Date] June 12, 2019 

[Location] SPring-8 

 

30th Contract Beamline Committee Meeting 

[Date] November 14, 2019 

[Location] SPring-8 

 

17th Partner User Review Committee Meeting 

[Date] May 22–31, 2019 

[Location] Virtual (Document review by email) 

 

18th Partner User Review Committee Meeting 

[Date] December 4, 2019 

[Location] SPring-8 
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9th Epoch-Making Initiatives Projects Review 

Committee Meeting 

[Date] June 10–17, 2019 

[Location] Virtual (Document review by email) 

 

10th Epoch-Making Initiatives Projects Review 

Committee Meeting 

[Date] July 26, 2019 

[Location] Online meeting 

 

11th Epoch-Making Initiatives Projects Review 

Committee Meeting 

[Date] Nov 29–5, 2019 

[Location] Virtual (Document review by email) 

 

16th SPring-8/SACLA Research Results Review 

Committee Meeting 

[Date] July 16, 2019 

[Location] SPring-8 

 

17th SPring-8/SACLA Research Results Review 

Committee Meeting 

[Date] December 16, 2019 

[Location] SPring-8 

 

1-3. Committee members as of March 31, 2020 

FY2019–2020 SPring-8 Selection Committee 

(Chair) 

Satoshi Sasaki 

Professor Emeritus, Tokyo Institute of 

Technology 

(Deputy Chair) 

Akihiko Fujiwara 

Professor, Kwansei Gakuin University 

(Members) 

Wataru Utsumi 

Director, Institute for Advanced Synchrotron 

Light Source, National Institutes for Quantum 

and Radiological Science and Technology 

Hiroyuki Kishimoto 

Head of Chemical Analysis Center, Chemical 

Analysis Center Research & Development HQ, 

Sumitomo Rubber Industries 

Akio Kimura 

Professor, Hiroshima University 

Yuichi Shimakawa 

Professor, Kyoto University 

Yoshiki Seno 

Vice-Director, Kyushu Synchrotron Light 

Research Center 

Yoshikazu Takeda 

Director, Aichi Synchrotron Radiation Center 

Tomitake Tsukihara 

Specially Appointed Professor, University of 

Hyogo 

Atsushi Fujimori 

Visiting Professor, Waseda University 

Yoichi Murakami 

Professor, Inter-University Research Institute 

Corporation High Energy Accelerator Research 

Organization 

Yuriko Yamagata 

Professor Emeritus, Kumamoto University 

Kazuyoshi Yamada 

Professor Emeritus, Tohoku University 

 

2. SACLA 

2-1. Committee overview  

In accordance with the provision of Article 16 of the 

Public Utilization Act, the Registered Institution 

established the SACLA Selection Committee and 

held meetings to solicit feedback about the User 

Selection Services of JASRI. Moreover, the 

SACLA Proposal Review Committee was 
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established and held meetings to review research 

proposals so that the president of JASRI can select 

proposals as the representative of the Registered 

Institution. 

  The activities of the committees related to Usage 

Promotion Services of both SACLA and SPring-8 

include (a) SPring-8/SACLA Research Results 

Review Committee for examining matters related to 

the publication of research results and (b) 

Committee for Reviewing Research Activities as 

Registered Institution for Facilities Use Promotion, 

which was established by JASRI as a Registered 

Institution, for reviewing activities on Research 

Utilizing Facilities in accordance with Article 12 of 

the Public Utilization Act.  

 

2-2. Committee meetings  

Committee meetings were held as follows: 

 

19th SACLA Selection Committee Meeting 

[Date] July 23, 2019 

[Location] Station Conference Tokyo (Tokyo) 

 

20th SACLA Selection Committee Meeting 

[Date] December 23, 2019 

[Location] Station Conference Tokyo (Tokyo) 

 

17th SACLA Proposal Review Committee Meeting 

[Date] July 12, 2019 

[Location] Himeji Nishi-Harima Regional 

Industry Center (Jibasan Building) 

 

18th SACLA Proposal Review Committee Meeting 

[Date] December 9, 2019 

[Location] Himeji Nishi-Harima Regional 

Industry Center (Jibasan Building) 

 

2-3. Committee members as of March 31, 2020 

(Chair) 

Nobuhiro Kosugi 

Director, Inter-University Research Institute 

Corporation High Energy Accelerator Research 

Organization  

(Deputy Chair) 

Atsushi Nakagawa 

Professor, Osaka University 

(Members) 

Ryoji Asahi 

Leader, Materials Informatics Research Domain, 

Toyota Central R&D Labs 

Shinichiro Iwai 

Professor, Tohoku University 

Tetsuya Kawachi 

Director, Kansai Photon Science Institute, 

National Institutes for Quantum and Radiological 

Science and Technology 

Tsuyoshi Kimura 

Professor, The University of Tokyo 

Mizuki Takahashi 

Scientist, Daiichi Sankyo  

Osamu Nureki 

Professor, The University of Tokyo 

Hitoki Yoneda 

Professor, The University of Electro-

Communications 

(Affiliations and titles are as of March 31, 2020) 

 

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 

45th and 46th applications for approval of changes 

in SPring-8 and SACLA facilities were approved on 

May 27, 2019 and November 26, 2019, respectively. 

Monitoring the environmental radiation inside the 

facilities and the surrounding area of the SPring-

8/SACLA site confirmed that the radiation levels 

were well below the legally mandated limits. 

Additionally, management of radiation workers was 

properly conducted for the 6,842 registered workers. 

This included implementation of radiation training 

and management of their personal radiation 

exposure. Similarly, chemicals, high-pressure gases, 

biological experiments, cranes, and lasers 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 accelerators or facilities on the site in FY2019.  

 

2-2. Applications for approval 

The following applications for changes in the 

radiation facilities were submitted in FY2019: 

 

46th application for approval of amendment 

Application date: September 20, 2019 

Approval date: November 26, 2019 

(1) Changes in SR beamline BL05XU 

(2) Changes in SACLA beamline BL3 

 

2-3. Radiation Protection Committee 

The Radiation Protection Committee met three 

times in FY2019: 

 

29th Harima Radiation Protection Committee (May 

29, 2019) 

The revised proposal for the Regulations for 

Radiation Hazard Prevention in Harima was 

deliberated and approved. 

 

30th Harima Radiation Protection Committee 

(September 11, 2019) 

The content of the 46th application for approval of 

changes was deliberated and approved. 

 

31th Harima Radiation Protection Committee 

(March 17, 2020)  

The content of the 47th application for approval of 

changes was deliberated and approved. 

 

  

2-4. Periodic inspections/facility inspections 

Mandated periodic inspections/confirmations or 

facility inspections were not conducted in FY2019. 

 

2-5. Radiation monitoring 

Radiation measurements of all accelerator facilities 

(including the SR beamlines) of SPring-8/SACLA 

confirmed that the radiation levels were below the 

standards mandated by law. In 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 places where SPring-

8/SACLA users work, the measured radiation doses 

were less than 1.0 μSv/h (background level). 
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Radiation doses at other measuring points were also 

much less 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 well 

below 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 0.08 μSv/h and a maximum 

accumulated dose of 0.03 mSv/3 months, which 

were much 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 

access control of facilities  

In FY2019, there were 6,842 radiation workers. 

This included 5,108 SPring-8/SACLA users, which 

accounted for about 75% of all radiation workers. 

There were a total of 9,926 temporary visitors, 

which included 2,065 open house attendees. 

 

2-7. Management of personal radiation exposure 

Personal dosimeters were issued to personnel who 

worked on the site as radiation workers. Each month 

the used dosimeters were collected 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 the exposure doses 

of all radiation workers were much lower than the 

limits mandated by related laws and regulations, 

and the Regulations for Radiation Hazard 

Prevention. These observations demonstrated that 

there is not a radiation problem. 

 

3. Safety management of chemicals 

Chemicals were controlled in a 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 the working 

environments. Voluntary periodic inspections and 

necessary repair work on local exhaust devices to 

handle chemicals were conducted to ensure 

adequate performance. Narcotics, stimulants, and 

psychotropics, which were approved for use, were 

controlled in a proper manner. The required 

application and notification concerning these items 

were implemented in compliance with all 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 

In FY2019, 53 projects (including 27 user projects) 

were conducted after being examined and approved 

by the Genetic Recombination Committee or the 

Bio-safety supervisor. 
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5-2. Animal experiments 

In FY2019, 17 projects (including 16 user projects) 

approved by the Animal Experiment Committee 

were conducted. An on-site inspection of the 

facilities for breeding and keeping experimental 

animals conducted by the Hyogo-prefecture Animal 

Protection Center on July 22, 2019 did not identify 

any deficiencies.  

 

5-3. Microorganisms 

In FY2019, four projects approved by the 

committee were conducted. 

 

5-4. Research involving human subjects  

In FY2019, 22 projects (including 21 user projects) 

involving human-derived materials were conducted 

after approval by the committee and the like. 

 

6. Safety review of proposals 

A total of about 3,000 proposals underwent a safety 

review. The safety issues in 2019 A-term and B-

term proposals were reviewed in December 2018 

and June 2019, respectively. In addition, second-

term proposals for industrial applications, 

proprietary time-designated proposals, urgent 

proposals, proposals for SPring-8 measurement 

services, in-house proposals, and others were 

reviewed. 

 

7. Emergency measures 

In addition to the full-time employees and 

contracted staff working on the campus, many 

people visited SPring-8/SACLA, including 

experimental users, visiting researchers, student 

trainees, and other part-time employees from 

external research institutions and companies inside 

and outside Japan. Therefore, every year, sufficient 

stockpiles is constantly secured for disaster 

prevention, including a large-scale earthquake. 

Additionally, the annual safety inspection was 

performed on October 7, 2019 to confirm the proper 

aseismic measures. Furthermore, on September 6, 

2019 in cooperation with the Tatsuno Firehouse of 

Nishiharima Fire Department, a joint disaster drill 

was conducted with other organizations that have 

their offices on the campus. Specifically, there were 

exercises such as survivor rescue training from the 

roof of the Main Building and first-aid for 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 reliability of facility equipment and 

systems at each experimental facility. It must 

provide efficient and effective delivery of support 

services not only to domestic academia, research 

institutes, and industry but also to foreign entities 

because SPring-8/SACLA offers world-leading, 

highly brilliant X-rays. We efficiently control and 

provide 24/7 support to all facilities.  

  We manage construction and maintenance of the 

facilities and their systems such as electrical 

equipment, cooling units, experimental drainage, 

telephones, and hygiene air conditioning on a five-

year plan. This plan includes daily systematic 

monitoring and periodic inspections. In addition, we 

have implemented a plan to improve the overall 

research environment through initiatives to address 

aging equipment and improve energy-savings. 

 

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 

power is 36,100 kW. (The industrial power for 

facilities is 34,500 kW, and the non-industrial power 

for administrative/sitting rooms is 1,600 kW.). The 

electric power consumption in FY2019 was 202 

GWh. Figure 1 and Table 1 show the electric use 

trends for the past five years.  

  At peak electric demand times, measures are 

implemented to ensure the total consumed power 

remains below the contract limit. These measures 

include increased monitoring of overall use, 

controlling air-conditioning set points, and 

implementing energy conservation measures.  

  Additionally, facility management was responsi-

ble for supporting researchers’ needs and their 

related organizations and divisions regarding 

electric power quality/stability enhancements 

toward upgrading/diversifying research. 

 

 

Fig. 1. Electricity consumption trends (at the Harima 

campus). 

 

Table 1. Electricity consumption. 

  
FY 

2015 

FY 

2016 

FY 

2017 

FY 

2018 

FY 

2019 

Industrial power 179.4  180.4  193.4  198.9 195.4  

Non-industrial 

power 
6.0  6.8  7.3  7.0 6.9  

SPring-8  

as a whole 
185.4  187.2  200.7  205.9 202.3  

Year-on-year 

(±) 
-9.2  1.7  13.5  5.2 -3.6  

[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 tap water in FY2019 was 270 km3 while the 

amount of sewage discharge was 98 km3. Figure 2 

and Table 2 show the water consumption trends for 

the past five years, while Fig. 3 and Table 3 show 

the sewer excretion trends for the past five years. 
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Fig. 2. Amount of water used (at the Harima 

Campus). 

 

Table 2. Amount of water used. 

 

  
FY 

2015 

FY 

2016 

FY 

2017 

FY 

2018 

FY 

2019 

Shared 

facility 
191.4  196.4  197.0  204.1 194.6 

RIKEN 

facility 
68.1  66.0  70.9  76.5 75.5 

SPring-8  

as a whole 
259.5  262.4  267.9  280.6 270.0 

Year-on-year 

(±) 
-22.9  2.9  5.5  12.7 -10.6 

[Unit: Km3] 

 

 

 

Fig. 3. Amount of sewer excretion (at the Harima 

Campus). 

 

Table 3. Amount of sewer excretion. 

  
FY 

2015 

FY 

2016 

FY 

2017 

FY 

2018 

FY 

2019 

SPring-8  

as a whole 
101.0  108.9  97.0  109.8 98.4 

Year-on-year 

(±) 
-8.0  7.9  -11.9  12.8 -11.4 

[Unit: Km3] 
 

 

2-3. Gas 

Town gas (13A) is provided by the West Harima 

Station of Osaka Gas. The FY2019 usage flow rate 

was 220 km3. Figure 4 and Table 4 show the gas use 

trends for the past five years.  

 

 

Fig. 4. Amount of town gas used (at the Harima 

Campus). 

 

Table 4. Amount of town gas used. 

  
FY 

2015 

FY 

2016 

FY 

2017 

FY 

2018 

FY 

2019 

Shared 

facility 
261.4  222.5  252.5  227.2 204.3 

RIKEN 

facility 
392.5  25.2  15.3  15.3 15.3 

SPring-8  

as a whole 
653.9  247.7  267.8  242.5 219.6 

Year-on-year 

(±) 
-219.2  -406.2  20.1  -25.3 -22.9 

[Unit: Km3] 
 

 

2-4. Energy conservation 

The following measures were implemented in 

FY2019 to reduce CO2 emission and save energy: 

1) One hundred units of through-the-wall 

packaged air conditioners at the Main Building 

were replaced due to deterioration over time. 

2) One absorption chiller at the Cafeteria was 

replaced with a new one. 

3) All the lighting in the following facilities was 

replaced with LEDs: Experimental Facility for 

the SPring-8 Users (shared space lighting), 

Structural Biology Facility (stairwell lighting), 

Main Building (downlighting), Storage Ring 

(measurement preparation room lighting), 
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Cafeteria (downlighting), Structural Biology 

Experimental Facility (shared space lighting), 

Medium-length Beamline Facility (room 

lighting), Accelerator and Beamline R&D 

Facility (parking area lighting). 

4) Two air compressors at the Storage Ring were 

replaced with new ones. 

5) Operations of an injection system and machine 

cooling system at the Storage Ring were 

temporarily suspended during inspection 

adjustment periods 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 

to a more energy-efficient one. The new 

equipment uses cold outside air in the winter 

and a refrigerating machine in the summer. 

7) Partially running the air handling units (AHUs) 

in the Experimental Hall at the Storage Ring 

during the summer/winter maintenance 

periods and the fiscal year-end eliminated 638 

tons of CO2 per year. 

8) Partially operating outdoor AHUs and air-

exhaust ventilators of the tunnels for the 

injector and accelerator at the Storage Ring 

during the summer/winter maintenance 

periods and the fiscal year-end eliminated 46 

tons of CO2 per year. 

9) Partially operating air conditioners in the 

Experimental Hall at the RI Laboratory during 

the summer/winter maintenance periods and 

the fiscal year-end eliminated 21 tons of CO2 

per year. 

10) Partially operating the fan coil units (FCUs) in 

the tunnels for the injector and accelerator at 

the Storage Ring during the summer/winter 

maintenance periods and the fiscal year-end 

eliminated 25 tons of CO2 per year. 

11) Partially operating the humidifying function of 

the outdoor air handling units (OHUs) in the 

tunnels for injector/accelerator and in the 

Experimental Hall at the Storage Ring 

eliminated 63 tons of CO2 per year. 

12) Air-conditioning units for nighttime use were 

suspended between 19:00 and 07:00 at the 

research building of the Medium-length 

Beamline Facility. 

 

3. Environmental conservation 

3-1. Industrial waste 

Wastes discharged from operating activities were 

mainly experimental equipment, office automation 

equipment, scrap metal, waste plastics such as 

packing material/filters, and sludge in water 

treatment. Wastes containing poisonous and 

deleterious substances such as experimental waste 

liquid and lead-acid batteries used for operations 

and maintenance were 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 collected and stored for specially 

controlled industrial waste. Then we asked a 

contracted waste management company to dispose 

of them. 

  Although animals used for lab experiments can 

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.  

  Because cooperation from employees and users 

is necessary to properly conduct garbage separation, 
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explanatory sessions on waste disposal were held 

and warning notices were issued via emails and 

posting announcements to employees not properly 

handling waste. Tables 5–7 show the waste amounts 

for the past five years. 

 

 

Table 5. Waste amount in general industrial waste. 

 FY 2015  FY 2016  FY 2017  FY 2018  FY 2019  

Sludge 16,015 23,505 12,518 6,029 2,337 

Waste oil/slush 4,193 7,080 3,041 3,390 7,892 

Waste alkali 879 570 73 231 123 

Waste acid 466 191 202 86 81 

Waste plastic 30,131 27,346 21,354 12,211 11,141 

Waste wood 7,149 5,370 7,569 3,937 2,886 

Waste/scrap metal 206,606*1 132,772 121,964 110,199 93,505 

Waste/cullet glass 739 1,126 1,093 1,079 710 

Wastes other than above 

(concrete, stone, etc.) 
1,569 982 1,027 212 75 

Biochemically stable waste 

mixture*2 
- - - 2,427 9,560 

Biochemically unstable 

waste mixture*2 
- - - 33,558 8,376 

Waste plastic*2 

(containing asbestos) 
- - - 220 0 

Mercury used product 

industrial waste*2 
- - - 934 1,074 

Dry batteries*2 - - - 130 301 

[Unit: kg] 

*1: Since a concrete shielding wall (covered by an iron plate) was disposed of, there is an increase in waste 

metal. 

*2: In accordance with the waste reclassification, new items were added in FY2018. 
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Table 6. Amount of specially controlled industrial waste. 

 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 

Waste acid 276 2,488 807 183 2,694 

Waste alkaline 31 18 708 423 428 

Waste oil 1,051 403 182 279 237 

Sludge 221 198 372 173 134 

Infectious waste 9 3 16 12 7 

PCB － － － － － 

[Unit: kg] 

 

Table 7. Amount of general waste. 

 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 

Laboratory animal 636 499 410 566 444 

[Unit: kg] 

 

 

Harima Administrative Division, RIKEN 

Harima Safety Center, RIKEN 
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Information / Network 

 

1. Introduction 

The Information Communication Technology (ICT) 

infrastructure and its services at the Harima campus 

of RIKEN are provided to users of SPring-

8/SACLA, which is managed and operated by 

RIKEN SPring-8 Center (RSC) and RIKEN (as the 

owner of the SPring-8/SACLA facilities at the 

Harima campus) with the support by Japan 

Synchrotron Radiation Research Institute (JASRI, 

as the registered institution for facilities use 

promotion for SPring-8/SACLA). 

 

2. Work assignments for the SPring-8/SACLA 

mission 

RSC, RIKEN, and JASRI are undertaking the 

following joint business construction in the ICT: 

RSC and RIKEN 

1. Hardware Administration of ICT 

∙  Servers/storage hardware and virtual machines 

infrastructure 

∙  Wired and wireless network infrastructure 

∙  Access control system to enter and exit 

buildings 

2. Software Administration ICT 

∙ Operating system 

∙ Middleware, etc. 

a. Web (Apache, CMS, etc.) 

b. Mail system software 

c. Management of virtual machines 

d. Management of authentication 

e. etc. 

JASRI 

1. Management of information content for users of 

SPring-8/SACLA 

2. Management of SPring-8/SACLA user accounts  

3. Security audit for the spring8.or.jp domain and 

its IP address range 

 

3. Work description in FY2019 

In FY2019, the following operations were 

conducted to ensure the stability of information 

system services in SPring-8/SACLA and RIKEN 

Harima branch: 

3.1 Operations and maintenance of the network 

infrastructure 

3.2 Construction of additional network cable 

facilities 

3.3 Construction of the authentication system for 

RIKEN-Staff WiFi access. 

3.4 Support of a work from home environment for 

administrative users. 

3.5 Network services to users 

 

4. Conclusions 

On a campus with a national shared facility called 

SPring-8/SACLA, ICT provides many services, 

mainly network systems, to various users. Currently, 

the focus is on the maintenance of systems and 

services. We have not been able to provide new 

network services. However, beginning in FY2020, 

many projects are planned such as expanding the 

provision of ICT-related services to RIKEN users at 

the RIKEN headquarters and responding to the next 

SINET. In addition, the expansion of remote work 

due to the impact of COVID-19, which began at the 

end of FY2019, will be discussed in conjunction 

with the reform of working methods. As this report 

demonstrates, ICT is essential in the provision of 

various services as well as implementing updates 

and upgrades of IT equipment. These activities 
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affect many people related to the RIKEN Harima 

campus. We plan to continue our efforts based on 

providing appropriate information to and obtaining 

feedback from 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 FY2019, we issued 47 press releases and 

provided 9 interviews. 

2. Site Tours

Site Tours include an overview and a tour of SPring-

8 and SACLA. In FY2019, we welcomed 6,505 

visitors for tours. 

3. Open House

This year’s Open House at the RIKEN Harima 

Campus was held on April 27, 2019. We opened the 

facilities, which are normally inaccessible, and our 

researchers showed visitors various SPring-

8/SACLA projects and highlighted their 

contributions to society. Presentations about the 

scientific discoveries at SPring-8/SACLA and 

hands-on experiments with lessons related to 

synchrotron radiation science were held. We 

welcomed 2,056 visitors. This number was 20% of 

that of FY2018 due to inclement weather.  

Fig. 1. Open House Poster FY2019 

Budget Information 

SPring-8 Center Promotion Office, RIKEN
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International Cooperation 

Comprehensive Agreements (Memorandums of Understanding)  

between SPring-8 and Overseas Research Institutions as of the end of FY2019 

Asia 

China 

Shanghai Institute of Applied Physics, 

Chinese Academy of Sciences (SINAP) 
September 2011– 

Institute of High Energy Physics,  

Chinese Academy of Sciences (IHEP) 
April 2019– 

Korea 
Pohang Accelerator Laboratory,  

Pohang University of Science and Technology (PAL) 
December 2005– 

Taiwan National Synchrotron Radiation Research Center (NSRRC) August 2008– 

Thailand Synchrotron Light Research Institute (SLRI) March 2006– 

North America 

Canada Canadian Light Source (CLS) November 2011– 

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 January 2009– 

University of Leicester July 2019– 
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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 Organization (ANSTO) November 2019– 

Multilateral 

United States Advanced Photon Source (APS) 

May 1993– 

France European Synchrotron Radiation Facility (ESRF) 

Korea 
Pohang University of Science and Technology 

Pohang Accelerator Laboratory 

January 2020– Singapore 
Singapore Synchrotron Light Source, National University of Singapore 

Institute of Physics, Academia Sinica 

Taiwan National Synchrotron Radiation Research Center 

SPring-8 / SACLA Conference FY2019 

Date Title Venue 

April 23–25, 2019 International Conference on X-ray Optics and Applications 2019 Yokohama 

August 28–29, 2019 SACLA Users' Meeting 2019 SACLA 

August 30–31, 2019 SPring-8 Symposium 2019 Okayama 

December 1–5, 2019 OptoX NANO 2019 Okayama 

January 10–12, 2020 33rd Annual Meeting (JSR 2020) Nagoya 

February 21–22, 2020 SPRUC BLs Workshop SPring-8 

SPring-8 Center Promotion Office, RIKEN 
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Statistics on Research Subjects 

 

 

SPring-8    

Research Term 2019A 2019B 

2019.04–2019.07 2019.9–2020.02 

Public Beamlines Submitted Proposals 957 1,011 

Approved Proposals*1 681 729 

Conducted Proposals*2 717 809 

   Proprietary Proposals 38 41 

   Time-Designated Proposals 8 20 

   Measurement Services 29 40 

Total Number of the User Visits 4,579 5,378 

Contract Beamlines Conducted Proposals 331 344 

   Proprietary Proposals 29 34 

Total Number of the User Visits 2,911 3,102 

 

SACLA    

Research Term 2019A 2019B 

2019.03–2019.07 2019.10–2020.03 

BL1 Submitted Proposals 9 11 

Approved Proposals 6 8 

Conducted Proposals 6 8 

   Proprietary Proposals 0 0 

   Time-Designated Proposals 0 0 

BL2/BL3 Submitted Proposals 84 70 

Approved Proposals*1 49 49 

Conducted Proposals 50 48 

   Proprietary Proposals 0 0 

   Time-Designated Proposals 1 0 

Number of the User Visits 564 650 

*1: Excludes Time-Designated Proposals.   

*2: Includes proposals approved before FY2018.   
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FY2019 SPring-8 Partner Users  

  Beamline Partner User Proposal Title 

1 BL47XU 

Name Eiji Ikenaga Advancement of ambient pressure solution cell 

development and observation of liquid electronic 

state, for elucidation of solid-liquid interface 

phenomena 

Affiliation Nagoya University 

Term FY2019–FY2021 

2 BL02B2 

Name Chikako Moriyoshi High-energy X-ray multi-purpose one-dimensional 

diffraction for the materials science research under 

external fields 

Affiliation Hiroshima University 

Term FY2019–FY2021 

3 BL04B1 

Name Yoshio Kono Advancement of science for understanding 

dynamics of the Earth’s deep interior utilizing 

large-volume press 

Affiliation Ehime University 

Term FY2019–FY2021 

4 BL02B1 

Name Hiroshi Sawa 
Study of orbital physics by precise electron density 

analysis including operand measurements 
Affiliation Nagoya University 

Term FY2019–FY2021 

5 BL09XU 

Name Kojiro Mimura Construction of composite measurement 

technology of resonant hard x-ray photoemission 

and resonant x-ray emission spectroscopies, for 

elucidating quantum critical phenomena of strongly 

correlated electron system 

Affiliation 
Osaka Prefecture 

University 

Term FY2017–FY2020 

6 BL10XU 

Name Kei Hirose 

Novel development of high-pressure and high-

temperature diamond-anvil cell experiments 
Affiliation 

Tokyo Institute of 

Technology 

Term FY2017–FY2020 

7 BL43IR 

Name Takahiko Sasaki Charge dynamics in molecular materials with 

strongly correlated electrons studied by infrared 

imaging spectroscopy 

Affiliation Tohoku University 

Term FY2016–FY2019 

8 BL20XU 

Name Hiroyuki Toda Accomplishment of high-energy 4D imaging 

technique for structural materials and its coupling 

with X-ray diffraction 

Affiliation Kyushu University 

Term FY2015–FY2019 

Partner users are (1) those who have a thorough knowledge of public beamlines and measurement techniques and (2) those who are expected to 

contribute to developing academic fields of SR science and technology. The mission of PU is to (a) aim to produce leading-edge SR usage and 

high-quality research results and promote expansion of intended research field using developed/upgraded beamline facility, (b) collaborate for 

beamline facility development/upgrade, and (c) provide user support relating to (a) and (b). 
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Number of the Conducted Research Proposals (past 10 years) 

Fiscal 

Year 

SPring-8 SACLA 

Private 

Sector 
University 

Public 

Institute 
Foreign 

Private 

Sector 
University 

Public 

Institute 
Foreign 

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  

2019 458  1,154  350  239  6  36  17  53  

 

Total Number of User Visits (past 10 years) 

Fiscal 

Year 
SPring-8 SACLA 

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  

2019 15,970  1,214  

 

 

SPring-8 Center Promotion Office, RIKEN 
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Publication Statistics  

BL02B1

BL02B2

BL04B1

BL08W

BL09XU

BL10XU

BL13XU

BL20B2

BL20XU

BL27SU

BL28B2

BL35XU

BL38B1

BL39XU

BL40XU

BL41XU

BL43IR

BL05XU

BL11XU

BL14B1

BL15XU

BL17SU

BL19LXU

BL22XU

BL23SU

BL26B1

BL29XU

BL32XU

BL44B2

BL45XU

Annual number of refereed journal articles (As of March 31, 2020)

Beamline Name
Public

Use
Since

～

2010
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Pu
bl

ic
 B

ea
m

li
ne

s

BL01B1
XAFS 1997.10 415 76 65 74 92 75 87 93 75 69 19 1140

Technical Journal 1 1

Single Crystal Structure Analysis 1997.10 140 12 18 36 42 36 43 39 28 40 8 442

Powder Diffraction 1999. 9 505 82 59 96 71 82 95 79 73 68 14 1224

High Temperature and High Pressure
Research

1997.10 174 22 16 20 19 16 16 15 15 18 2 333

BL04B2
High Energy X-ray Diffraction 1999. 9 194 23 28 28 33 37 43 30 40 36 15 507

Technical Journal 1 1

High Energy Inelastic Scattering 1997.10 128 20 19 15 13 19 15 16 14 10 6 275

Nuclear Resonant Scattering 1997.10 110 13 13 15 15 18 16 19 28 14 3 264

High Pressure Research 1997.10 295 32 28 21 30 29 30 28 22 24 7 546

Surface and Interface Structure 2001. 9 139 27 6 16 21 24 36 27 31 29 12 368

BL14B2
Engineering Science Research II 2007. 9 43 32 36 53 53 61 53 58 65 72 20 546

Technical Journal 1 1 1 1 2 6

BL19B2
Engineering Science Research I 2001.11 143 35 53 59 63 65 64 67 59 53 13 674

Technical Journal 1 1 1 2 2 1 1 9

Medical and Imaging I 1999. 9 182 24 35 28 25 35 26 28 30 23 8 444

Medical and Imaging II 2001. 9 137 27 21 40 44 43 37 32 29 40 7 457

BL25SU
Soft X-ray Spectroscopy of Solid 1998. 4 282 25 22 24 31 20 19 25 20 20 5 493

Technical Journal 2 2

Soft X-ray Photochemistry 1998. 5 282 31 18 41 35 25 36 27 23 15 12 545

White Beam X-ray Diffraction 1999. 9 95 15 10 21 18 21 19 25 19 11 3 257

High Resolution Inelastic Scattering 2001. 9 75 12 8 14 13 16 15 15 14 8 7 197

BL37XU
Trace Element Analysis 2002.11 96 23 13 32 28 35 29 29 27 17 7 336

Technical Journal 1 1

Structural Biology III 2000.10 329 48 60 59 48 65 60 38 30 31 6 774

Magnetic Materials 1997.10 173 19 21 20 25 19 24 30 20 17 11 379

BL40B2
Structural Biology II 1999. 9 336 42 43 70 54 55 59 54 55 62 9 839

Technical Journal 1 1 2

High Flux 2000. 4 89 13 18 37 21 32 42 30 34 40 8 364

Structural Biology I 1997.10 590 66 53 65 55 60 67 56 48 37 10 1107

Infrared Materials Science 2000. 4 69 8 11 10 11 17 15 23 10 18 4 196

BL46XU
Engineering Science Research III 2000.11 100 22 15 38 28 56 51 49 45 46 7 457

Technical Journal 1 1 2

BL47XU
HXPES・MCT 1997.10 227 31 17 36 36 31 29 37 28 27 8 507

Technical Journal 1 1

Pu
bl

ic
 U

se
 a

t O
th

er
 B

ea
m

li
ne

s

RIKEN Diagnosis Beamline I 2017. 4 3 6 2 11

QST Quantum Dynamics I 1999. 3 13 13

QST Quantum Dynamics II 1998. 4 44 2 1 1 48

WEBRAM 2002. 9 32 1 1 1 35

RIKEN Coherent Soft X-ray
Spectroscopy

2005. 9 8 7 6 11 12 5 2 3 5 7 66

RIKEN SR Physics 2002. 9 5 1 1 2 5 6 2 22

JAEA Actinide Science I 2004. 9 5 1 6

JAEA Actinide Science II 1998. 6 46 2 3 2 53

RIKEN Structural Genomics I 2009. 4 3 8 2 9 6 15 15 22 26 3 109

BL26B2
RIKEN Structural Genomics II 2009. 4 1 5 3 5 7 11 8 9 8 1 58

Technical Journal 1 1

RIKEN Coherent X-ray Optics 2002. 9 13 1 1 2 2 3 22

RIKEN Targeted Proteins 2010.10 5 5 8 9 16 8 15 15 7 88

RIKEN Materials Science 1998. 5 14 6 5 2 4 31

RIKEN Structural Biology I 1997.10 84 9 6 7 9 13 20 10 6 15 3 182

Subtotal 5613 807 740 1003 974 1041 1092 1032 953 920 240 14415

SPring-8
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BL07LSU

BL11XU

BL12B2

BL12XU

BL14B1

BL15XU

BL22XU

BL23SU

BL28XU

BL31LEP

BL32B2

BL33LEP

BL36XU

BL44XU

BL17SU

BL19LXU

BL26B1

BL26B2

BL29XU

BL32XU

BL43LXU

BL44B2

BL45XU

BL1

BL2/BL3

NET Sum Total

Technical Journal

Beamline Name
Public

Use
Since

～

2010
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

C
on

tr
ac

t B
ea

m
li

ne
s

BL03XU
Advanced Softmaterials 2009.11 1 5 8 24 21 14 17 21 9 16 2 138

Technical Journal 35 42 39 36 33 31 28 244

The University-of-Tokyo Outstation
Beamline for Materials Science

2009.11 1 5 6 10 13 12 19 19 15 20 2 122

BL08B2
Hyogo Prefecture BM 2005. 9 1 1 3 7 9 5 6 11 5 5 1 54

Technical Journal 7 1 18 7 4 4 1 1 43

QST Quantum Dynamics I 76 6 13 16 14 8 20 20 13 15 4 205

NSRRC BM 2001. 9 131 13 25 22 21 29 37 33 35 28 3 377

NSRRC ID 2003. 2 46 10 14 11 18 19 18 25 20 17 4 202

QST Quantum Dynamics II 111 16 11 10 15 19 17 23 20 18 4 264

WEBRAM 2001 .4 148 51 41 61 57 48 63 57 49 37 7 619

BL16B2
Sunbeam BM 1999. 9 45 6 4 3 6 4 10 9 6 10 5 108

Technical Journal 2 18 15 14 8 15 21 15 10 4 122

BL16XU
Sunbeam ID 1999. 9 38 2 2 2 3 4 11 9 9 17 5 102

Technical Journal 20 19 14 14 21 18 12 8 6 132

JAEA Actinide Science I 61 10 10 14 19 15 14 15 26 20 5 209

JAEA Actinide Science II 153 22 20 17 28 19 26 16 23 22 5 351

BL24XU
Hyogo Prefecture ID 1998.10 131 6 7 8 5 4 5 6 8 2 182

Technical Journal 11 3 10 3 1 4 1 33

RISING II 2012. 4 3 9 5 5 5 4 7 1 39

Laser-Electron Photon II 2013.10 1 3 2 1 1 1 9

Pharmaceutical Industry     （2002. 9 - 2012. 3） 24 3 1 28

Laser-Electron Photon 2000.10 43 4 4 4 4 2 2 3 2 68

BL33XU
Toyota 2009. 5 3 5 2 8 4 10 16 6 9 5 68

Technical Journal 2 5 4 5 3 4 1 24

Catalytic Reaction Dynamics for
Fuel Cell

2013. 1 1 7 6 7 12 14 7 3 57

Macromolecular Assemblies 2000. 2 195 49 59 59 50 64 54 61 46 44 12 693

Subtotal 1205 212 232 274 308 282 344 363 311 295 69 3895

R
IK

E
N

 B
ea

m
li

ne
s

Coherent Soft X-ray Spectroscopy 63 10 14 3 8 5 8 5 1 117

SR Physics 77 9 11 12 13 9 5 6 1 2 145

Structural Genomics I 151 7 8 7 4 5 4 4 1 191

Structural Genomics II 70 18 19 13 4 3 7 10 2 2 148

Coherent X-ray Optics 156 8 16 15 9 10 14 9 8 3 2 250

Targeted Proteins 2 9 8 8 7 13 4 3 1 1 56

Quantum NanoDynamics 1 1 1 3

Materials Science 202 13 13 19 16 20 16 18 14 4 335

Structural Biology I 181 9 9 11 9 13 13 8 3 1 257

Subtotal 900 76 99 89 71 73 81 64 32 13 4 1502

Pu
bl

ic
 B

ea
m

li
ne

s

Beamline Name
Public

Use
Since

～

2010
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

SXFEL 2016. 3 7 2 1 10

XFEL2/XFEL1 2012. 3

7003 961 1101

2 2 9789 80 67 74 71 54 17 10 563

1 13 28 37 47 42 33 43 9 253

451 37 13

17301

SACLA

Hardware / Software R & D 56 67 33 45 53 44 21 5 825

930 1202 1193 1284 1253 1086 1037 251

･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 2019 on the Publications Database Search （http://user.spring8.or.jp/?p=748&lang=ja） 
and may be subject to change. 
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Appendix 
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