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Brief introduction of SPring-8




_SPring-8: 3 gen. synchrotron facility
arious research fields (nano, green, life ...)
Open worldwide




Beamline map

® BL235U JAEA Actinide Science (Japan Atomic Energy Agancy)
® BL24XU Hyogo ID (Hyogo Prefecture) _

% BL25SU Soft X-ray Spectroscopy of Solid '

¢ BL26B1 RIKEN Structural Genomics I

% BL26B2 RIKEN Structural Genomics II
% BL27SU Soft X-ray Photochemistry

O BL2BXU Advanced Basic Science for Battery Innavation PBSB'
(Kyoto University)

% BL28B2 Whita Beam X-ray Diffraction
# BL29XU RIKEN Coherent X-ray Optics

JAEA Quantum Structural Science (Japan Atomic Ensrgy Agency) BL22XU @
Medical and Imaging 1 BL20B2
Medical and Imaging IT BL20XU *

~ Engineering Science Research | BL19B2 +
o NN ALY RIKEN SR Physics BL19LXU @
N RIKEN Coherent Soft X-ray Spectroscopy BL17SU #

Sunbeam BM BL16B2 @

{Industrial Consortium)

Sunbeam ID BL16XU @

O BL31LEP Laser-Electron Photon 11 _
[Research Center for Nuclear Physics, Osaka University)- .

® BL32XU RIKEN largeted Proteins

@ BL32B2 Pharmaceutical Industry ™.
(Phammeceutioal Gansortium for Prolein Structure Analysis) ™ =

® BL33XU TOYOTA

(OO A Canteal O8N ake loes b

@ BL33LEF' Laser-Electron F-‘hc-tcm

(Resaarch Center for Muclear Physics, Osaka Universiy

* BL35XU High Resolution Inelastic b”attenng
O BL36XU Catalytic Reaction Dynamics for Fuel uells

Total number of beamlines : 62

{Industrial Consortium)

WEBRAM BL15XU @

{Mational Institute for Materials Science)

Engineering Science Research Il BL14B2 W

JAEA Materials Science BL14B1 @
(Japan Atomic Energy Agency)

1(-;:":+'5| _:- Surface and Interface Structures BL13XU %
. i NSRRC BM BL12B2 @
Beamllﬂe Map 1501y (Mational Synchrotron Radiation Research Center)

NSERC ID BL12XU @

13 (Mational Synchrotron Radiation Research Center)

Jniversity of rh ctro-Communications)

* BL37XU Trace Element Analysis
X BL38B1 Structural Biology I It
W BL38B2 Accelerator Beam Diagnosis | |
“ BL39XU Magnetic Materials
% BL40XU High Flux

% BL40B2 Structural Biology I

+ BL41XU Structural Biology 1

% BL43IR Infrared Materials Science
< BL43LXU RIKEN Quantum NanoDynamics -~

@ BL44XU Macromolecular Assemblies
{Institute for Protein Research, Osaka University)

¥ BL44B2 HIKEN Materals science

& BL45XU RIKEN Structural Biclogy | .
“ BL46XU Engineering Science Research 111 .
% BL47XU HXPES-MCT -

(The | C

» Insertion Device (6 m)
» Long Straight Sec. (30 m) :
+ Bending Magnet

+ B (| e )

JAEA Quantum Dynamics BL11XU @
(Japan Atomic Energy Agency)

- 24 ( ——1) m_;,-//éi__._ High Pressure Research BL10XU ¥
9 gy- Muclear Resonant Scattering BLO9XU i
8/4‘;3. - Hyogo BM (Hyogo Frefecture) BLOSB2 @

® ?ﬁ “._High Energy Inelastic Scattering BLOS8W %
% - | University-of-Tokyo Synchrotron Radiation Quistation BLO7LSU @

- ) (The University of Tokya)
) _—__ Accelerator Beam Diagnosis BLO5SS W
- __High Energy X-ray Diffraction BLO4B2
S . ~High Temperature and High Pressure Research BLO4B1
Main Bldg. ~ Advanced Softmaterial BLO3XU @
Tl (Advanced Softmaterial Beamline Consortium)
_ Powder Diffraction BLO2B2
“~._Single Crystal Structure Analysis BLO2B1 ¥
XAFS BLO1B1 %

12/
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Application fields and achievements of SPring-8

Development of fuel-

Development of X-ray = - ) ;
e efficient tires using 3D

microscope enabling

intracellular 3D imaging e b measurement
? B technique
ity Structural Analysis of
Human Hair for
Material science development of
_ _ Industrial functional shampoo
Life science —
applications

Elucidation of anti-caries
mechanism of chewing gum

core protein complex in

photosynthesis f«’/ 4

SPring-8

Earth-Planetary Archeology
science

Material investigation of Sankaku-
buchi Shinjukyo (ancient mirror)
by fluorescent X-ray analysis

Earth's internal environment
reproduced

Two-layer convection in outer
liquid core of earth suggested

Materials identified using pieces from

Analysis of microparticles
y P old wooden surface

brought from Asteroid Itokawa
by Hayabusa

CT image (8 keV)




Industrial applications:

Molecular Design for Energy Saving Tire

SUA=KIL NAIAX—kIL T/ A= NIl Y X
B~ L JLOSYOBLER SUND5E SUhERYT— Rz —EZ R

A

Sumitomo Rubber
Industries Ltd.

Draw

M%ﬁtﬁﬁ%ﬁ’é

: w71 ) p
/

Achieving Improvement

6%: fuel efficiency
39 %: traction performance!




“EnerSave” Premium Performance

L . xFt-o
Existing Tire PREMIUM




Current status of SACLA




unit

Intensity / arb.

=i

June, 2011
First Lasing

115
Photon energy / keV

- i e

Pring-8- ngstrom ompact free electron ser

First combact XFEL
Construction: 2006~2010

User operation: March 2012~

bearm duni

1st beamline



XFELs in the world

Characteristics of PAL XFEL

j 160-m long 2.5-GeV S-band PLS Linac

(PLS)
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Comparison

European XFEL SACLA LCLS
Length 3.3 km 700 m ~2 km
Beam 17 GeV 8 GeV 14 GeV
energy
Wavele 0.085 nm 0.06 nm 0,12 nm
ngth
Cost 900M Euro 370 MS 600 MS
Operati 2017 2011 2009
on
Superconducting First compact XFEL First XFEL facility using
technology Short wavelength (sub-A) existing linac
High rep rate Short-pulse operation (~ 10 fs) High pulse energy
High pulse energy

. 5




SACLA accelerator and beamlines (2017~)

0.5 MeV 35 MeV 400 MeV 1.4 GeV

Aperture
Gun i 476MHz

Beam dump

CB-correction  gpergy siit Q-mag for dispersion

correction
1.471°

3.13°

] [ ]
| L-APS(2mx2) | S-band ! C-band '
| | 238MHz [ i BC1 (3mx8) i (1.8mx24) |
| L B-correcti i i BC2 i BC3
iChopper correction i (R56~-41mm) | (R56~-37mm) ! (R56~-7.5mm)
7=-0m Injector Z~13m Z~50m Z~120m
r A— |
I — 5656------- IBU
Switching Dogleg Undulators
(4.5mx2) Au=15mm
magnet L2 DA s
Modifie_:d YAG screen — l‘
to avoid COTR 8 GeVv Undulators ‘ SR from
! v 3 A Sveane Jousers SPring-¢
f 1D01-08 1D09-19 B L 3 -«
Deflector Main C-band Undulators I} L
cavity (1.8mx104) (5mx19) Au=18mm ] ~ Beam dump T
cavity _ e R e h Combination
BT -~ fgy XFEL and SF
variable-gap o WS- S Sl SgeaSgsae. | -
undulators " ¥

P

C-band accelerator




Performance

Photon energy 4~15 keV 4~15 keV 40 ~ 150 eV
Bandwidth(4E/E) < 5x103 < 5x103 ~0.01
Pulse energy ~ 500 pJ @10keV ~ 400 uJ @10keV ~90 W@ 100 eV
Photon number > 101 @ 10 keV > 101 @ 10 keV > 1012 @ 100 eV
( /pulse)
Pulse duration <10fs <10 fs <1ps
Peak power > 50GW > 40GW > 100 MW
Repetition rate 30Hz 30Hz 60Hz
(60Hz: Single bgamline operation)
: 2005— | Spectrum
Profile ; m 5
FWHM: ~300 ym ¢ | § 9 keV (BL3)
10 keV (BL3) I
. O it ‘, Y. Inubushi, et al.,
; b U, . | PRL 109, 144801 (2012)
et LR I T EL VRN VMY ] Appl. Scil. 7, 584 (2017)

Photon enerii eVi _



Experimental hall

BL3: Hard X-ray FEL (March 2012~)', r 4
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Vs 4

{ . -(
; &,
=
v ~
My, \;' - .
‘ A} = -
. 'y

EHL1: Dlagnostlcs

Spectrum, TImI»
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XFEL sciences

Brilliance
(X109)

NL & Quantu X-ray Science
High Energy Density Science
AMO science

X F E L Protein Crystallography

Ultrafast Materials Science

Movie of
P T v Incident 5 - . At icM t
4 N~ PMMA  Boam, h t Ultrafast X-Ray Diffraction omic lovemen
T Coheren

f:;‘;'b o./“ 0 Ultralﬂégt/’
\:.';‘::“":,::’i: 5 » (...{_100% I n X-Ray Pulse 5

tBranﬁy"er e) (~x}w9“ef$%:iiiﬁf.'

Scattered
Beam

olloid
Sample

2D detector




Generation of intense XFEL pulses




Intense XFEL pulses has opened new sciences

Application of intense X-ray
source as a pumping source

NEE - Cwstgl,ogra_phy This is a new experimental
Ultrafast Materials Sce .. SCheme, Wh|Ch haS Opened by
; XFEL.

o < Coherent
(~100% in

tra rﬁyerse)

Intensity - Pulse energy

E

| = — (W/cm?
7.5 ( )

T~
Pulse duration Area of XFEL beam




Development of single-shot spectrometer and

the application for temporal characterization

Fully-resolved whole single-shot XFEL spectrum is applicable to
temporal characterization

Frequency domain FT Temporal domain
Pulse duration « Spike width Longitudinal mode number
Spectral resolution: < 100 meV < Number of spikes
> . P gi_xtel sizef Observation range: > 50 eV
- pistance rrom
dE _ \/(p/ L) T source to detector AE AQ .
= _ C A@: angular divergence
E tan ‘98 a).-Darwm width = on analyzer crystal
Gs: Bragg angle E tan QB
Eliptcal idth: ~290 meV ]
iptical mirror Width: ~290 meV 1
Undulator XFEL (10 KeV) A0~27 mrad o |i|| ln __
- F | O T
S ol I [} 1 Resolution: ~ 15 meV
~2 prad S F N '
: R V 2F A |'| ]'| |I || ‘ |'| | || -
&) sicon(s55) € £ [| ||| |||]|] Range: ~ 4eV
h crystal = JI V[ ||| || |||:
_ MPCCD detector ] ||| Hll |/ l\ | 'l—'
In the previous measurements, {\/ f“.' R |J L

A@0is too small to cover whole spectrum. -2 -1 0o 1 2 Y Inubushi, etal,
Relative photon energy (eV) PRL. 109 144801 (2012).




Single-shot spectrometer with multilayer mirror

XFEL Pt/C multilayer
mirrors Analyzer crystal
9.07 keV I\ 2T TN~ Silicon (553)
/ S

Two-stage 3
focusing system ~_

250 AR R R AR R R N R R R R R N LR AR AR RN AN RN LR
- ] Divergence
200 - - AG ~22 mrad
[ | . :
: il ;
150 —
[ l ]
100_— | |‘| .

|k
s0f- .7 | I |‘ M \ | PhOtOn Snergy
AL '\'l l[l“" ot ] Spectral resolution: ~ 80 meV

VrTaT AW NI TR R ST PRETE T I 1 PR TEVTAE PETRE T A P e

3040 9050 9060 9070 9080 9090 9100 9110 Observation range: ~6O eV

Photon energy (eV)

Intensity (a.u.)




Pulse duration and longitudinal mode number

250 o :
- . Determination of pulse duration
200 | ] :
’5:“ : ] 14 Eﬂgychirp(fsl)
1] . -
s 150 ¢ 12 — 2x10°
iz C £ . — 4x10”
g 190¢ S 10F 6x10”
£ oo s 8F — 80"
B 5 -
- V ° 6 -
- _ G) -
D 1 1 1 k%) 4 - =
904 906  9.08 9.0 > '
250 — —— 2F E
L Sp|kEW|dth: | OI—||||||||||||||||||||||||||||||||||-I
_ 200F 390 meV “ ] 0 100 200 300 400 500 600 700
3 L i . .
8 150f ﬂ _: Spike width (meV)
£ n ;
2 100} Pulse duration: ~ 8 fs
= 505 L\JJ M (assuming energy chirp of 6x10-° fs1)
o 4 Y T Longitudinal mode number: ~ 60
9.070 9.075

Photon energy (keV) Y. Inubushi, et al., Appl. Sci. 7, 584 (2017).




1-um focusing system

* b 12
0] il wl] ezl A7
= 08 ] Incident intensity 0.8 + . Incident intensit
Z 06 Vel'tlca| += Wire scan profile 3 Honzontal . \'.":' entin 9”5‘- ¥
z ] -+- Beam profile = 0.6 | *= Wire scan profile
§ 04 1.2 pum £ 0.95 um | [ Beamprofile
= 1 g 04 [ 1%
0.2 4 = :
1 0.2 4
00 meSeptendt MERRGEReEGe ) 1 i v '_-.
1 0.0 T P Fhiraii it sanenney .
-0.2 T
10 5 0 5 10 02

Position (pm)
Position {(um)

~1018 W/cm?

H. Yumoto, et al., Nature Photonics 7, 43 (2013)




2-stage focusing system

XFEL pulses

Focusing optics 1

Focal point 1

Focusing optics 2

Focal point 2

Vertical
30 nm

~1029 W/cm?

H. Mimura, et al., Nature Communications 5, 3539 (2014).




Parameters of XFEL pulse

Pulse energy: 500 nJ @10keV
(Throughput depends on optics)
Pulse duration: ~ 8 fs
Bandwidth: ~ 40 eV
Peak power: ~ 50 GW
Intensity: ~ 10 W/cm? (300 um¢, raw beam)

~ 108 W/cm? (1 umd)
~ 10%° W/cm? (50 nm¢)




2-color double-pulse XFEL

4 _ N T. Hara, et al.,
Applicable to XFEL pump - probe Nature Commun. 4, 2919
- 2-color XFEL with the energy separation up to 30 % (2013)
L - Setting of delay time between two pulses )
e-beam chicane
e-gun Accelerator / 2-color XFEL
o LU LN T TTTTTITT
i NI ¢y
In-vacuum variable-gap
undulator
i ‘ 2.0x10’2 : : : :
. § 2 12: Second colour First colour : ( < 300 fS
4 - -
E 0:6: : j\ j\ }
g:gijt L: \_ Double pulses with delay time )/

T T
10 11 12 13
Photon energy (keV)




Applications of intense XFEL pulses




Applications of intense XFEL pulses

X-ray two-photon absorption

nature LETTERS

phO[Oﬂ 1ICS PUBLISHED ONLINE: 16 FEBRUARY 2014 | DOI: 10.1038/NPHOTON.2014.10

X-ray two-photon absorption competing against
single and sequential multiphoton processes

Kenji
Hiroki € MPCCD readout (arb. units) chis¢

andil -100 0 100 200

Tamasaku et al,
Nature Photon 8
313 (2014)

Event rate (1/pixel/shot)

Photon energy (keV)

Femtosecond damages

Observation of femtosecond X-ray interactions with
matter using an X-ray—X-ray pump—probe scheme

Ichiro Inoue™™', Yuichi Inubushi®<, Takahiro Sato"?, Kensuke Tono®", Tetsuo Katayama®<, Takashi Kameshima™,
Kanade Ogawa®’, Tadashi Togashi®<, Shigeki Owada", Yoshiyuki Amemiya®, Takashi Tanaka® Toru Hara®

=9 and Makina Yabashi®'
/| :Elﬁ;:.,%‘l;.ath‘n; :T:ﬁj";f” Materials Science. Graduate School of Frontier Sciences. The University of Tokve, 5-1-5 Kashiwanoha, Kashiwa :mws Iz\;: 8
™ Hyogo 679-5198, Japan 1 ‘0_ probe
M — 03fs
— 0.8+ T\ —6fs
g —50fs
£ 064 \ — 80fs
2 \
7]
2 0.4 \ pump
Inoue et al., E o2l
PNAS 113 1497 (2016) 40

0 200 400 600 800 1000

Pixel index

LETTER

Atomic inner-shell laser at 1.5-angstrém wavelength
pumped by an X-ray free-electron laser

Hitoki Yoneda', Yuichi Inubushi*’, Kazunori Nagamine', Yurina Michine', Haruhiko Ohashi®?, Hirokatsu Yumoto”,
Kazuto Yamauchf*, Hidekazu Mimura®, Hikaru Kitamura®, Tetsuo Katayama’, Tetsuya Ishikawa’ & Makina Yabashi®

doi: 10.1038/nature1 4894

I I I
10F (1) | .‘ |
Yoneda et al., 081 I | .

Nature 524 446 g  Keseed||  [|Kajseed

(2015) 0.2 I I i
ANEV.L W

XFEL-pumped Ka laser

Cantents lists available a1 ScienceDirect

Physics Letters B

Search for photon-photon elastic scattering in the X-ray region @L_Wm
T. Inada™*, T. Yamaji**, 5. Adachi®, T. Namba", 5. Asai?, T. Kobayashi ", K. Tamasaku®,
Y. Tanaka®, Y. Inubushi, K. Sawada®, M. Yabashi ¢, T. Ishikawa

S

< 1 Prof. Asai (U Tokyo)
D* Bermad 2000 * Inada. Namba et al.,
op & 1 Phys Lett B
- 1 732, 356-359 (2014)

JPATAY

Photon-photon scattering




Interaction of intense XFEL pulses with matter

+ Low ponderomotive force (e<VI22) due to short wavelength
» Penetration to matters (Cut-off density: ~102° cm-3)
= lonization and excitation of inner-shell electrons

due to high photon energy

1

XFEL photon energy

H 2 13 14 15 16

3 4 5 8
Zl""].ESL(EB\U/ Li || Be B c N 0

11 || 12 13 || 14 || 15 || 16

0 Al Si P -]

Na || Mg
19 |0 20 | 21
K Ca || Sc

37 | 38 || 39 ) 40 || 41 )| 42 || 43 || 44 || 45 || 46 || 47 || 45 || 49 || 80 || &1 || 52

corresponding to transition
energy of inner-shell electrons

A
oF O O

X ray

17

18

He

Ne

2 |23 |24 || 25 || 26 || 27 || 28 |} 29 || 30 || 31 32 || 33 || 34 || 35
Ti v Cr{{Mn| Fe|[Co || Ni [[Cul| Zn || Ga || Ge || As || Se Br Kr

Lifetime: asec~ fsec



XFEL photon density (10keV. Cu sample)

Attenuation length (~5 um @10keV)

«—
C Atomic density
Y Ng, = 8 X 1022 (cm-3)
XFEL |
(10 keV) Beam size

(cm-3)
Un-focus (300pumé) ~1014 ~1017 (<< ng,)
1-um focus ~1018 ~10%2 (< ng,)
100-nm focus ~1020 ~10% (> ng,)

Cross section of K-shell >> Lshell
Almost all atoms become “core-hole atoms”.
.



Ko laser pumped by intense XFEL pulse

LETTER

446 | NATURE | VOL 524 | 27 AUGUST 2015

Atomic inner-shell laser at 1.5-angstrom wavelength
pumped by an X-ray free-electron laser

Hitoki Yoneda"?, Yuichi Inubushi”®, Kazunori Nagamine', Yurina Michine', Haruhiko Ohashi®’, Hirokatsu Yumoto®,
Kazuto Yamauchi**, Hidekazu Mimura®®, Hikaru Kitamura®, Tetsuo Katayama®, Tetsuya Ishikawa® & Makina Yabashi”

Pump a Pump intensity (W cm™) b Pump intensity (W cm™)
a 101 1020 10 1020
Undulators {1 Two-stage focusing PR T R L =
.'I | o , Cu target i | g e 5 L
AN NN HENEEN A E R With seeding
SN MEES LN PRt L’HEL’H g4 10
'/ : 35 | ] 35 U
NSNS (NN N H 2 | S5 e vt
Pump % - .E é e " E%
b = | ] T 0
.'Iﬁll' -~ ", g*% 1+ 'E g‘i‘ 1025_ ' Tg eding |
| | | | | | | | | | | | | | | | | | I\ 1A ol K s o |: 5 @ geding laser
AN (1 / 2 - i a f
NN s vV V|1~ 3 S LR S,
e \/ W T AN E X L i . Ly
| | | | | | | | | !" _______________ ,'! 104 105 106 104 108 108

Pump energy density {J cm—=) Pump energy density (J cm—=)




Ko laser pumped by intense XFEL

Intense XFEL create a lot of core-hole atoms.
Then, Ko emission becomes laser via stimulated
emission process.

Weak X rays Intense XFEL

Incidence of X rays




Ko laser pumped by intense XFEL

Intense XFEL create a lot of core-hole atoms.
Then, Ko emission becomes laser via stimulated
emission process.

Weak X rays Intense XFEL

Creation of core-hole atoms




Ko laser pumped by intense XFEL

Intense XFEL create a lot of core-hole atoms.
Then, Ko emission becomes laser via stimulated
emission process.

Weak X rays Intense XFEL

Ko emission
(isotropic)




Ko laser pumped by intenser

Intense XFEL create a lot of core-hole atoms.
Then, Ko emission becomes laser via stimulated
emission process.

Weak X rays Intense XFEL

Ko emission Incidence of X rays
(isotropic)




Ko laser pumped by intenser

Intense XFEL create a lot of core-hole atoms.
Then, Ko emission becomes laser via stimulated
emission process.

Weak X rays Intense XFEL

Ko emission Creation of core-hole atoms
(isotropic)

= Population inversion




Ko laser pumped by intense XFEL

Intense XFEL create a lot of core-hole atoms.
Then, Ko emission becomes laser via stimulated
emission process.

Weak X rays Intense XFEL

Ko emission Ka laser
(isotropic) via stimulated emission process




Ka laser pumped by intense XFEL

*H. Mimura, et al.,
B /\9 keV Nature Communications 5, 3539 (2014).

Qx
I\ 8.05 keV

XFEL A Analyzer crystal
Si (311)
2- stage
focusing* .
Cu foi
~1020 2
104 W/cm (20pm)
H I I LI L L L L L I L L L L I—r D.a MPCCD
B camera
- pump ]
5 «— 06
s F I
2t Jo4 3
z n i 7]
) - Cu-Ka i g.
E [ ] 0.2 >
:— L A N N T N N N T N N T N O O -.—-—Tr DD . ok
80 8 4 88 9o Single-shot spectrometer
Photon energy (keV) **Y. Inubushi, et al.,

Phys. Rev. Lett. 109, 144801 (2012)




Ka laser pumped by intense XFEL

Pump intensity [W/cm?]

_ 10'° 102
:E 4 | . |
> = 1
. [+1] :
5 [ DR
3 30 =
- — 1
S :
| T | | 2 < E
1+ - T 2r :
ASE s = 1
08 | ﬁ%‘ =l 32 | !
06 - FWHM: ~5eV , "[ | = ;
04 | . pl* = > 1r ;
02 | f b = © | ."
0 M&W’-@wﬂh@# QJ&WW I'g I,
I I l l ;C: 0O =—= ====-= I A
25990 8,010Ph8,1C:)30 8,050 5,070 8,090 2 10% 10° 108
oton energy [eV] Pump energy density [J/cm?]

First hard x-ray laser using atomic level




Seeding In hard x-ray region

Pump
creation of core-hole atoms (9keV)

Same photon energy of Ko (8keV)

Incidence of two-color XFEL Amplification of seed pulse




Hard x-ray seeding using 2-color XFEL

9 keV Seeding

(Pump)
e 2-stage | 8keV A
Qx ing | (Seed)

focusing

Analyzer
pump Crystal
Undulators 2- sl_eigf_f?t_:flrlg Sl (311)
N 1 1 5 IUANTN A Cu foi
awn (W seedi V. Vi (20 um)
*T, Hara, Y. Inubushi, et al.,

KNature Communications 4, 2919 (2013) /

L0 I B S s B s B B B | ILENLINL I — —I 0.8

n pump
s 5
2 [ Joa 2
A C ] 7]
o L[ seed . 2.
T [ «— 402 3

- ﬂ\, :

:—I I‘jl PR T T AN T NN N T T I l—-j -.—.-—T.- DD

8.0 8.4 8.8 92

Photon enerav (keV)



Hard x-ray seeding using 2-color XFEL

Pump intensity [W/cm?]

AN T GG DRI T AN N . R A sy e il N

= 1018 1020
E 10”5 T 1 T T 1711 T T 1 T T 1171 E
= L
a B — ]
= ) W/ Seeding 1
Photon energy e 107 '.-ﬁ 3
e | +." 3
g @ W/O Seeding|
T | T o % 1035_ T fﬁ E
1= ’ p Ka1_seed 5 % - n [ f
08 |- Ka2 | I Ka2_seed % [ L 1
'l | O 3 102¢ E
06 |- l'l ko1 - > : seeding laser ]
/S N B M el
02 | '.' || FWHM: ~1.7eV] < 10Tt . ]
W LN = ——— E—
0 —— — 2 10° 10°

P d ity [J 2
7’990 8,010 8,030 8,050 8,070 8,090 ump energy density [J/cm?]

Photon energy [eV]

First hard x-ray seeding




Photon-Photon scattering

4 N N\ “
2 3
Scattered X ray
X ray
Unknown ) /VVV\ | /\Iﬁ'. \f’ﬁ.ll ,
field / VUV
X ray
\. J \ J L y,

Exploring unknown field by measurement of photon-photon scattering

Verification of Quantum electrodynamics (QED)

T. Inada, et al., Phys. Lett. B, 732, 356-359 (2014).



Experimental setup

o

Detector

/.

Laue-Type interferometer

<€ Beam

from SACLA

Horizontal is

concentrated 1um

Vertical is not,
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Although the signal could not be detected, the new point could be plotted.

But, the point is still 20 order far from the QED theory.




Combination of XFEL and high-power laser




HEDS (High Energy Density Science)
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In collaboration with Harima Center for Photon
Sciences, Osaka Univ. (Prof. R. Kodama)




Dynamic behavior of matter under high pressure

IS one of hot topics in HEDS

B. Albertazzi, N. Ozaki et. al

N. J. Hartley, N. Ozaki et. al
Science Advances (2017)

Applied Physics Letters (2017)
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Above experiments were carried out with ~1 J, sub-ns laser.
(up to a few tens of GPa)
— Long pulse laser (~10 J, ns) has been installed.




Development of 500-TW laser
experimental system (EH6)
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Current status of 500 TW laser

Laser parameters

VIPulse energy: 12.5 J VIDuration: 25 fs
VIPeak power: 500 TW vIBeam size:$120 mm with Top Hat
AWavelength: 800 nm U Contrast: 10-1°@-100 ps, 108@-30 ps

Now, only 1 beam is available.

Timing jitter between XFEL and 500 TW laser

T0 800+/-10 nm

Timing jitter was derived from pulse-by-
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Experimental chamber and diagnostics

Diagnostics for
. Laser-Matter Interaction I
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‘ User operation will start from June 2018 ‘




« Stable user operation of SACLA produced
exciting results in wide scientific fields.

* Intense XFEL pulses, which is one of features of
SACLA, has opened new scientific field.

« User operation of combination of high power
laser (500 TW laser) and XFEL will start in June.
This experimental scheme is expected to
produce many interesting results.
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