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Operation time

• User time in FY2020 was about half the usual 
due to the COVID-19 pandemic.

• Will be at the same level as before in FY2021.
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User experiments in FY2021
• Total beamtime in FY2021 will be on the same level as usual (~6,000 h).
• International users are still facing the strict travel restrictions.
• Only 5 cancellations in FY2021.

Domestic users: Mostly do experiments as before.
International users: Collaborators in Japan do hands-on works onsite.

• Some of the cancelled beamtimes were filled by proposals in a waiting list.
• Remote control system is now available for experiments using the high-

power lasers (first pilot experiment in Feb 2022).
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Term Proposed Approved Cancelled Additionally 
approved

2021A 63 44 1 1

2021B 75 48 4 2

Number of projects (FY2021)



Off-site 
Users incl. PIs

Run

Shutters

Stages

Cameras

Conducting experiments remotely is beneficial to 

users and also the facility

Remote with Control

On-site
Collaborators or SACLA Staff

On-Site Hands-on Work

• On-site participants can focus on hands-on work in the facility.

• Off-site participants can conduct routine processes for data acquisitions.

• A hybrid style, in which limited users visit SACLA and others joined remotely

with control, can be also realized with the remote-control capability.

- On-site users may not need to make 2-3 teams for the 24-hour operation,

since the off-site team can take over a part of the shifts.

- A few users may be enough just to prepare samples on-site or setup user-

owned equipment, which are not done by the facility staff.

Operation

Console

Slide from the last meting (T. Yabuuchi)



First remote experiments were performed at high-power laser platform

Remote access to the instruments and HPC system from European 
XFEL, HZDR (Germany) and Imperial College London (UK).

Users remotely operated beamline instruments and took >200 shots of 
high-power femtosecond laser with XFEL.

=> Cf: Breakout Session A2 (today)



SACLA Feasibility Study Program
• From 2021A

• Use SACLA on a trial basis for feasibility study.

• Available instruments:
(1)DAPHNIS for serial femtosecond crystallography (SFX)

(2)Experimental platform using the high-power nanosecond laser

• Maximum beamtime: 1 shift (12 hours).

• Co-application with the general SACLA Research Proposals 
is possible.

Term Submitted Conducted

2021A 15 9
SFX: 3

HP-nL†: 6

2021B 21 5
SFX: 3

HP-nL†: 2

† Experiments using high power nanosecond laser & XFEL 8



Research highlights (1)
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Ultrafast olivine-ringwoodite transformation during 

shock compression 

HED science Nonlinear optics

The instrument has been developed under SACLA 
Basic Development Program (Prof. Matsuda et al.)  

Okuchi et al., Nat. Commun. 12, 4305 (2021).

Uzundal, Zuerch et al., Phys. Rev. Lett. 127, 237402 (2021).

=> Scientific Talk by Prof. Matsuda (today)



Research highlights (2)

Schriber, Hohman et al., Nature 601, 360 (2022).

Structural biologyMaterials science 

Oda, Nureki et al., eLife, 10:e62389 (2021).

Small molecule serial femtosecond 
crystallography

Time-resolved SFX to reveal early structural 
changes in channelrhodopsin

Mithrene (AgSeC6H5), thiorene (AgSC6H5), tethrene
(AgTeC6H5): Inorganic–organic hybrid materials
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Electron beam injection to SPring-8

• Full-time injection of higher-quality beam from SACLA to SPring-8.
• Important milestone for the SPring-8 upgrade project.
• Previous injector system was closed.
• Lower power operation for Green Facilities.

Hara et al., Phys. Rev. AB (2021) 

From the previous injector From SACLA



Automatic accelerator tuning based on machine learning

• To establish reliable tuning procedures 
without depending on the skills and 
experience of the operators.

• Auto-tuning system has already been 
used to maximize XFEL pulse energy in 
daily tuning. 

/64

DCMで単色化したビームを入れたとき  

エネルギー幅 ~ 1 eV (FW HM)

装置のエネルギー分解能: 数 eV 

 (cf. 今のインラインは10 keV, 220反射で80 eV@FW HM)
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使用例 (ダイヤモンド  220反射, 9 keV)

通常のSASEを入れたとき (シングルショ ッ ト )

1 eVの光を入れたときのピークの広がりは 

7 eV@FWHM (3 eV@σ)

ブロードバンド XFELを入れたとき (シングルショ ッ ト )

Frequency distribution of spectral FWHM

Figure 6: Integrated spectrum (left) and half-width of each
pulse (right) before (red) and after (black) the tuning, ob-
tained by maximizing the central intensity of the I-Spec.
Both are normalized by the number of pulses. Here, 1 cnt
is approximately 0.5 eV.

コアを開発した際にシームレスに置き換えられる狙いが

ある。 例えば、前述した ”BoTorch/GPyTorch”版の GPR
コア は、 ”scikit-learn”版を継承して作られている。 中央
の ”I/O”層は、 ”ML core”レイヤーへのデータ入出力を
司るレイヤーで、加速器施設, 各種実験毎に異なる入出力
制御基盤を実装する。 例えば、 前述した GPR-Optimizer
を用いた関数フィ ッ ト は、 このレイヤーの基底クラスを

用いて実装し た。 最後の ”Application”層は、 何をどの
よう に最適化するかなど、 各種指標と制御対象を実装す

るレイヤーであり 、 SACLA では性能指標と してパルス
エネルギー, spectral-density など、制御対象として RF位
相, 磁気レンズや四極磁石, アンジュレーターギャッ プな
ど各種最適化を実装している。

Figure 7: Schematic of the GPR-Optimizer implementa-
tion. It is implemented with object oriented and layered
structure, and consists of three layers, ML-core, I/O and
Application.

このよう に GPR-Optimizer の実装は、 今後の更に高
度な機械学習の導入や、 他用途/他施設での応用可能性
を念頭に置いた設計となっている。 このフレームワーク

を用いて、 理化学研究所 RI ビームファ クト リ ー (RIBF)
でビーム調整への応用に向けた開発, 試験が始まってい
る [8]。 この RIBF での応用においては、上位レイヤーの
差分実装 (施設固有の機器制御等) だけで初回の試験から
問題なく 動作し 、 一定の成果が得られている。 今後は基

幹, コア部を含めて共同で開発を進める予定である。

6 . 現状と今後

現在は、 この GPR-Optimizer を経験の少ない運転員
でも GUI から使えるよう 整備し 、 実際の加速器調整に
活用、 効率的なビーム調整を可能としている。 また、 10
keV の波長で SACLA において歴代最高となる 1 mJ達
成にも貢献した。

今後の開発について、 機械学習活用のさらなる高度化

として次の３ つの方向を考えている。 １ つ目は、 さ らに

多様な用途を目的と した調整への応用で、 その一環とし

て (特に XFEL への影響が大きい熱電子銃直下の) 空間
プロファ イルの最適化などを行う 。 ２ つ目は、 より良い

適切な性能指標の作成である。 これまでの結果から、 何

らかの性能指標を用意すれば、 GPR-Optimizer を用いて
その性能指標の最適化が実現できているので、 望ましい

ビーム状態をより適切に表す性能指標を用意すれば、 さ

らなる最適化が期待できる。 より高分解能なリ アルタイ

ム診断系や、 ユーザー実験毎に最適化した性能指標など

の開発をビームライングループと協力して進めている。

３ つ目は、 Deep Q-Network (DQN) などのより洗練され
た機械学習手法の応用である。 GPR が「 パラメ ータ空
間上の性能指標について逐次学習」 さ せたのに対して、

DQN では、 これまでの “経験”と直近のデータから次に
どのよう に制御すればよいかなど「 調整方法そのものに

ついて学習」 を行わせる。 前者がビーム性能そのもので

評価付けを行う のに対し て , 後者はその時点での操作・
判断について評価付けを行う 。 これはちょ う ど新人の運

転員が出力強度のみを見ながら , 網羅的に全パラメ ータ
を順番に振って調整を行う のに対して , 経験が豊富な運
転員が各種パラメ ータ変動履歴などを見て , 効きそう な
制御パラメ ータを直接調整するのに似ている。 これによ

り 調整開始直後の出力低下や, 非物理領域へのパラメ ー
タ設定が抑止され, より 効率的に調整が行えることが期
待できる。

これと 並行し て機械学習応用研究の裾野を広げ、 基

幹部の共同開発を狙う 。 前述したよう に GPR-Optimizer
はレイヤー構造になっているため、 他の施設や放射光加

速器以外の他の用途にも基盤部分は応用できると考えて

いる。 興味のありそう な人, グループ , 施設を積極的に巻
き込んで、 今後の開発を進めていきたい。
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FWHM [eV]

・Before tuning
・After auto-tuning
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Inoue et al., J. Synchrotron Rad., in press.

Diffraction pattern on MPCCD

Energy

• A new in-line spectrometer allows the system to optimize a spectral shape. 
• Diamond powder in a capillary at a peripheral region of the XFEL beam.
• Resolution is higher (a few eV) than existing one’s (several-tens eV).
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Iwai et al. 



Sub-10 nm focusing system at BL3
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Large angular-error tolerance: 300-400 µrad.

(~1,000 times as large as conventional KB)

Wolter-III type advanced KB system

Basic Development Program (Prof. Yamauchi et al.)
=> Report tomorrow 

Yamada et al.



Synchronized fs laser system: 
Improved timing synchronization with XFEL
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Synchronization using BOM-PD
BOM-PD (Cycle GmbH)

CW laser

Out-of–loop
BOMPD

In-loop 
BOMPD

To amp.

RF: 5.7GHz RF

RF

Jitter: ~40 fs (rms, 5 minutes)
Drift: ∼±0.5 ps (24 hours)

Time-resolved XRD of Bi

1 ps
A feedback system is 
under development to 
suppress the long-
term drift of the laser 
timing.

Togashi et al.



SACLA/SPring-8 Basic Development Program
Progress reports of Projects 1-6 will be given tomorrow. 

FY2021: 13 proposals were approved.

Seven proposals for full approval to proceed with instrument developments
1. Development of multispectral imaging system by aperture division of rotational soft X-ray mirror 

(PI：T. Kimura, U. Tokyo)

2. X-ray experiment in pulsed ultrahigh magnetic field beyond 100 T with a portable single turn coil 
system “PINK” (PI：A. Ikeda, UEC Tokyo)

3. Measurement systems for biomolecular movies using X-ray free electron lasers (PI: S. Iwata, 
Kyoto U.)

4. Time Resolved Resonant Inelastic X-Ray Scattering Beyond Iridium (PI：M. P. M. Dean, BNL)

5. Development of a wide-dynamic-range and high-frame-rate CMOS image sensor for soft X-ray II 
(PI：T. Arima, U. Tokyo)

6. Development of sub-10 nm XFEL focusing system based on novel imaging mirror optics (PI: K. 
Yamauchi, Osaka U.)

7. Development of pair distribution function measurement of liquids and amorphous materials 
under high pressure and high temperature conditions (PI：Y. Kono, Ehime U.) (SPring-8)

Six proposals for partial approval (feasibility studies are required) 

Instruments available soon:
– Experimental system for SX-FEL opto-spintronics (Prof. Matsuda et al.)

– Sub-10 nm XFEL focusing system (Prof. Yamauchi et al.)
16



Experimental system for SX-FEL opto-spintronics

Araki, Matsuda et al., e-J. Surf. Sci. Nanotechnol. (2020).
Sumi, Horio, Matsuda et al., e-J. Surf. Sci. Nanotechnol. (2022).

SACLA Basic Development Program (Prof. Matsuda, Prof. Mimura et al.)

Pilot experiments in 2021B

=> Scientific Talk by Prof. Matsuda (today)

Type I Type II
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XFEL experimental system with high-power nanosecond laser

Experimental platform specifically developed 
for laser-shock experiments

High-energy optical laser has been installed in 
collaboration with Osaka University.

X-ray
Detector

Opt. Laser

XFEL

VISAR/SOP

Samples

Recent 
Remarks

G. Rigon, M. Koenig et al., "Micron-scale phenomena 
observed in a turbulent laser-produced plasma", Nat. 
Commun. 12, 2679 (2021).

Typical 
Setup

Hutch EH5 at BL3

Optical
Laser

Max. Energy (typ.) ~15 J

Pulse Duration (typ.) 5 ns

Wavelength 532 nm

Rep. Rate 0.1 Hz

XFEL Focus with KB Mirrors >0.5 µm
Inubushi et al., Appl. Sci. 10, 2224 (2020)

K. Katagiri, N. Ozaki et al., “Micron-
scale phenomena observed in a 
turbulent laser-produced plasma,” 
Phys. Rev. Lett. 126, 175503 (2021).

=> Scientific Talk by Prof. Ozaki (today)

SACLA Basic Development Program 
(Prof. Ozaki et al.)

Recent 
upgrade

Diffractive optical elements (DOEs) for focal spot smoothing

18



CITIUS Detector: XFEL variants
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Architecture [1-3]

Feature
Zero 
Noise

Spectro-
Imaging

High Spatial 
Resolution

High 
Dynamic 

Range

Integration Pixel & High Frame Rate

Ultralow 
Systematic 

Error

1) SPring-8 II CDR (2014) with updated values.
2) T. Hatsui, presented at iWorid (June. 2014). 
3) T. Hatsui, AOSFRR (Nov. 2015)

2013: Project started
2015: Partners agreed
2020 Sep: First light of one modular system in final form
2021 Dec: Start of the assembly of 20.2M pixel system
2022: In-kind user operation

Schedule

Parameters Value

Sensor

Photodiode thickness 650 µm

Pixel Size 72.6 µm

Noise 0.02 phs.@12 keV

Peak Signal 9,000-10,000 phs.@12 keV

Frame Rate 60 Hz (max. 5 kHz)

Pixel Number 0.28 Mpixel/sensor

Largest 
System

Pixel Number 20.2 Mpixel

Image Area 322 x 364 mm2

Confirmed Performance at the Component level

20.2 Mpixel system for SACLA

First detector under evaluation



SACLA HPC - System was updated in Sep., 2021

Main Changes;

• Introduced Environment Modules.
- see: http://xhpcfep.hpc.spring8.or.jp/document/about_environment_modules.html

• Changed the PBS queue settings.
- see: http://xhpcfep.hpc.spring8.or.jp/document/queue_configuration.html

• The SACLA analysis software was updated.
- see: http://xhpcfep.hpc.spring8.or.jp/release/2021-09-01-01-offline001.html

Contact for technical inquiries: SACLA HPC HelpDesk (hpc-helpdesk@spring8.or.jp) 
20



Posters from the facility

1. Overview of SACLA Beamlines (BL1, 2, 3)  (T. Osaka, Y. Inubushi)
2. Standard Instrument for Serial Femtosecond Crystallography (SFX)  (Tono, 

Owada, Joti) 
3. Standard Instruments for X-ray Diffraction and Scattering  (Kubota, Osaka, 

Togashi, Owada)
4. Capabilities of Intense X-ray Sciences at BL3 (Inoue, Yamada, Osaka, 

Inubushi)
5. Synchronized Optical Laser System at SACLA  (Togashi, Owada)
6. Experimental Platform for High-power Nanosecond Laser with XFEL at 

SACLA  (Miyanishi, Sueda, Inubushi, Yabuuchi)
7. Experimental Platform with High-power Femtosecond Laser at SACLA  

(Yabuuchi, Sueda, Inubushi, Miyanishi, Togashi, Tomizawa)
8. Diffraction-limited Resolution Scintillator Detector  (Kameshima, Hatsui)
9. Progress Report on "Experimental Support and Information Sharing" after 

SACLA Users' Meeting 2021 (Language: Japanese)

Please find poster files on the on-line program:
http://xfel.riken.jp/usersmeeting2022/program.html
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Summary
• 10 years since the start of user operation.  
• SACLA operation is returning to normal after the impact of the 

pandemic.
– Domestic users have access to SACLA and do experiments as usual in 

FY2021.
– Most international users remotely participate in their experiments, 

where collaborators in Japan do hands-on work onsite.
– Only 5 projects were cancelled in FY2021.
– Remote-with-control system has started operation.

• SACLA has been technically upgraded for the next 10 years with:
– Beam injection to SPring-8,
– Automatic operations,
– Remote experimentation,
– Advanced beamline optics, photon diagnostic systems, and 

experimental instruments.

We would like your input.
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Thank you for your support for 10 successful years.

http://xfel.riken.jp/index.html23


