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~~ Construction: FY2006~2010

' First lasing: June 7t 2011
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Key scientific results of SACLA in diverse fields

Damage-free protein crystallography

Photosystem |l

) 4
Prof. Shen
(Okayama U)

M. Suga, et al., Nature 517, 99 (2015).

G~

SACLA

Ultrafast dynamics
in chemical reaction

K. Kim, et al, Nature 518, 315 (2015).

Femtosecond snapshot of bioparticles

Live cell
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T. Kimura, Y. Joti, et al., Nature Comm. 5, 3052 (2014).

Protein structure dynamics

(Kyoto U)

= T3 1w 25

E. Nango, et al, Science 354, 1552 (2016).



Neutze et al., Nature ﬁ/

“Diffraction-before-Destruction” i 7 0000 .

XFELs could outrun radiation damage process with ultrafast (< 10fs) pulses.
— Diffraction signal from samples before destruction with XFEL.

M- femtosecond snapshots almost free
| from atomic and molecular motion

8+ fast phenomena such as chemical

| reaction in physiological condition.

t==2fs 1=2fs 1=5fs t=10fs t=—20fs t=50fs

This measurement scheme requires single-pulse measurement
with pulse-by-pulse sample exchange.

L3 E: __EF \
Fast scanning e l injector




Serial Femtosecond Crystallography (SFX) &

SACLA

X-ray 2D detector
Injector

Micro crystals

“diffraction-before-destruction”
= protein crystallographic structure with low radiation damage
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DAQ-LAN

Data Acquisition

Commercial
CCD camera

Data-Handling Servers

DAQ-USER-LAN
Online Analysis

Event-synchronized data
from e.g. point detectors

l

SyncDB

replication

o o

User
Devices

= replication
uDB

HPC-LAN

Offline Analysis

l EEEEEERN I} :
= replication

SyncDB

Minmi-K
(2020 EEFAFLL)

Archive Storage

= Ethernet




ZEtEH R TLOMLR

Cache storage
system

[System for BL1 experiments]
Hardware:

Storage capacity:

File system:

[System for BL2 experiments]
Hardware:

Storage capacity:

File system:

[System for BL3 experiments]
Hardware:

Storage capacity:

File system:

DDN SFA7700X
~100 TB
GPFS (I/O ~2 GB/sec)

DDN SFA7700X
~380 TB
GPFS (I/O ~7 GB/sec)

DDN SFA7700X
~510 TB
GPFS (I/0 ~7 GB/sec)

Archive storage
system

Hardware:

Storage capacity:

File system of the disk part:
Hierarchical management:

Disk: DDN SFA10K,
Tape: IBM System Storage TS3500
& TS1140 (5 drives)
Disk: 1 PB & Tape: 8 PB
(can be increased up to 28 PB)
GPFS (I/O > 4 GB/sec)
Tivoli Storage Manager
(I/0 ~200 MB/sec)

HPC system

Hardware:

Theoretical peak performance:

Total memory capacity:
Interconnect:

Storage capacity:

File system:

Compute nodes: DELL PowerEdge
M630(52 nodes)
Storage: DDN SFA12K
~40 TFLOPS ([intel E5-2660 v4 X 2]X 50
+ [Intel E5-2699 v4 X2]X2)
~3.5TB (64 GBX38 + 512 GB X2)
Infiniband FDR
~2 PB
Lustre (/0 ~10 GB/sec)




T —3FEFT DT DAPIE$ (C/C++, Python) A

[ Cache Storage ]

DataAccessAPI

[ SyncDB ]

Data Handling
Server

] OnlineAPI

UserDatabase
(UDB)

] UserDatabaseAPI

SACLA

e TR0 5L
DataConvert4,
RunDataViewer,
TMAOoffline, etc

1—¥—-7J0J3L

MERTO9 S L4
TMAonline, etc

1—H4—7JnJ3 L

M7 049 54
TMAoffline, TMAonline, etc

1—5—Jag5 L4

M£7T41w~%T—GbHMI56#%El—ﬁ—ﬁ Bk g DWEIFL

a1—H—0

BE-FEEZR L

Y. Joti et al., J. Synchrotron Rad. (2015). 22, 532-537.
Y. Joti et al., Synchrotron Rad. News (2017). 30. 16-21.
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Data processing pipelines based on Cheetah(Barty et al.) and CrystFEL (White et al) SReLA

Master Mode in HPC

Online pipeline
Data Handling Servers Online Analysis Server MAS | 1§ . | T
Raw image —gmimcier SPotfinding  cheetan Spot list——= | B L& i i

l e ey e " " i
I 1 | M, 1 Ay

Real-time plots

Offline pipeline

Job contol
Metadata Database Worker Modes in HPC T e
Detector geometry —2MineAP] Genme::ry file
Photodiode status _Offline AP Classification Spot finding
: i ¥
Wavelength OMnE AP~ |mage conversion Indexing
Cache or Archive Storage Spot hnding Integration
Raw image 1 Cheetah CrystFEL hdfsee
Hit images in HDF5 Stream file =~ Cell eXplorer.
Manual steps
Refined geoptimiser
geometry detector-shift
| CrystFEL
Spot fjnding ; cell
Indexing : constants
1 L]
Integration —— 5';!;'33"1—- Merge MTZ file— Structure
CrystFEL es CrystFEL

T. Nakane, Y. Joti, et al., J. Appl. Cryst. (2016).
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Cachiufsgarage 754 ‘/*UFH

Image data

Max 60 fps

server

@,
Data-handling _[ , Image data -
> analysis server

DataAccessA PD—

Storage data

—[ HPC nodes ]7

TABLE
Tag | Results
Tag | Results
Tag | Results
Tag | Results
Tag | Results

Image data

HPC-LAN

User Database

A OnlineAPDi
Online

—— @serDatabaseA@

=R 111 M1

Tag | Results

Tag_| Results Arrival timing data

=l gy PLA LFE

=

DAQ-USER-LA

User Database

K. Nakajima, Y. Joti, et al,, J. Synchrotron Rad. (2018). 25, 592-603.



S 5% hi| {5l (ExpControl))API

Pulse SHCLH
Run (Data Storage) Time Delay
motor —.

DAQ-LAN
Shutter Other
equipment

DAQ-USER-LAN

Easy scripting to

Run control: control the experiment

run = ecpy.Run()
run.Start()

Motor stage control:
motor = ecpy.PulseMotor("pm003“)
motor.Move(100)

/=
Operator consoles

BEREROBEHEEZR LSE ., EMNLGREGHEHT OIS LIERERTHEIC.
- %Eﬁ@ E Qjﬁlfﬂ]’éﬂ'ﬁﬁkﬂ'éiﬁh‘“ﬁﬁb\’)?&é K. Motomura, Y. Joti, et al., in preparation
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R-CCSEMEE(Z K DT —RERIEIRIE D E A (HPCI)
—ENDOT WNT—RELE D R T LF

7 -
SACLA RCCS& LRl CRAFE S

s\gbmiE/—F | WERT
> (2021£ﬁ1ﬁ )
2 10G

gfpcopy THI900MB/sec

2022 MDSINETEFZITIZEHET
SACLA-RCCSD Higi 1858 % F 5F

L) r—3y
HPCIEXARXRL—Y HPCIEX A XL —Y
PEHL 52 (R-CCS) 100G (SINET5) HHLS (BRK)

o REVEEREERLIHPCIO EEF AREBEIZET M
s REHEUINOT—IDBENLD— o



7—H4T AL —S DEH 7
SACLA
OLD(-2021.3) NEW(2021.3-)
/ \ Disk system Tap; ysem 3
(Elﬂﬂﬂxw—y (REAL—)

Disk system

Tape system

8 PB

EEIN—EE

—EHRNBELT —RETARIMD
T—IIZEERIICFE E

T—I12H5T—2EFT7VEXTIEE

FEY(Z)a—)L

8 PBHVIS

- BEPE
ENAR=:6.5PB *‘.',
T4 EE - ~30GB/s -

FEARARL—DERBARN —D D75

— BN BT -ET—2IET(RIH
ST —JIZF2E)
T—NHBT—RF. 21— —DHEE
[ZiCTYa—IL
RFHEABE A ——T—42(F
TARIDGEE



REHEMS R T LDSHOTETE

| Peon | e

g

SACLA

FY2021 FY2022 FY2023 FY2024 FY2025 FY2026
B

BL1Cache
BL2Cache 7HE)—R F—REEB O MNER - FEIRMERBDF=DOIHETE
BL3Cache 541)—X SR
UserCache ;)N
JTLAR
HPC 541 —R 541 —R S,
)TLAR )TLAR
FX10 Bl EAEL
Archive =i BiE L CHE A #k
Storage
TARIEE
T—TE Nt
rh £ 54 —R 5F1)—R
*F—R Ry I —HERESHT H CITIUS 20M3E B b4 VITLAR

* T—HRFFERDEE



SPring-8MDT—AEBSEILD
B2 EHUH




SPring-8 D& E L& E(SPring-8-1l) ¢35

y
e $uTL
s
sEmm |
AU
. gamm—"
B -
R e
r g-"“
-

e 8GeV = 6GeV
ABN1

» KYBASS
B 510015 %2

° :t_l/yl‘JEgﬁ{b

Mt

201459 Conceptual Design ReportZzWeb /> ff
http://rsc.riken.jp/pdf/SPring-8-Il.pdf




Data Bandwidth

CITIUSHRHEE: - —FHHIER EDFT—FWIBRRDEFHFE

> — SEIAL, - TOBEEI, REFRORSE (- A—SE) =
Sy
C -
fead >SN iy o AR

9.6 Mpixel /

(Gbps)

800 —

o))
S
S
|

200

/8

0
RO

17 — 0.1 kfps
31

16 PByte/4F/system
(&%)

SPring-8FHE—L T A ~

(26F) £T7—x5&
0.32 PB/& @2017%F

SRR ////
30% & A8E

9.2 SACLADOXKIRIEST —45

%G‘
R
%

®

%

% | JWIE(1.6PB/%F)DER
%~ EEDUEDAQRIFEIRE



SPring..8

SPring-8I=E 13 TF—2EEIZ DL T(RE) =

ERICEYSIE—L U FDXIRMNIEH SN, R R
1%?1‘ 1B%JZU%5%EEME75“5E¢:&7“— = ([XFFHN

[Z]

- BUOE S haTT ;@?L%% BL, RRENET 5%

B

i

ELTEERT ’5’ H-FERIT A=D1 T75%
LTL \<; 75\’ »

=0l
HHW o

s AVTTEFEDT-HIZIE, 2D J?FE*E IHHAREF D
7‘-/— ?iﬁ E—LJDL\’C)E’@E; Ts % sl cﬁg‘% g
LT EMNEE,

& SPring-8T—3 -k —OFax




SPring.. 8

SPring-SEE LICRIIFT-T—32EBOERE <>

BRI7Z T (1 \—K, YTk

F— ST AR N—F, YT

T—AEEER(/N\—F. VT

T—FUREEBE(/\—F~, VYTH)




SPring-8M i FAEEBR RV I —H B E1L R

SPring-SE XN MG TEMIELI=-RYE T —VE R E
RARR)

FAERICEDLLLD(HEAEERYNT—0) e RELLDIZHEE
> I—H—XEV—

> E— LS/ FIEY —>

> T—ARREYY —>

> TN —2

IR DOA-LANDZEERF|HAZREL
HAEBRRAD) E—MERIRE DB E(VPNE)

* ARy D — BRI E D B *EREEILET
*SINETEAND LIV E Z

- SRR MR 5
#}4) B 87(+ R&D) eREEIL BHERREH, 510061k




T—RINEE ] BL-774 ’
KERIVFO—ILT SV I+ —LDIEZE(L
e Python API (LabVIEWH 7 R—Fk&HY)
* XML-RPCH —/\Z& A LT=TCP/IPV Ty ME(E

BL-774 system

Digital

Client
Win

multimeter Config DB

Socket/ ' Client
. 0C
prcoamp = gerzoc - Mac

: N\ Communication

Service

: Camera
P4 handling Service
Detector
Citius

SF’r‘ins-: 8
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e Detector control
*  Protection monitor
e Status monitor

* Live view

e Parameter scan

Control GUI Maintenance GUI

\

Parameter config API Status monitor API

TEC, Interlock, etc...

PRB devAPI DFB d

* Offline data viewer

Citius data viewer GUI

Storage data access API

Storage

PRB / Sensor
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