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Spring has come !Spring has come !

Cherry blossoms Cherry blossoms “SAKURA”  “SAKURA”  

©RIKEN/JASRI

in full bloomin full bloom..
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SACLASACLA さくらさくら
Japan – XFEL

SACLASACLA さくらさくら
SSPringPring--8 8 AAngstrom ngstrom CCompact ompact 

Free Electron Free Electron LaLaserser
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Advances of SR sources have stimulatedAdvances of SR sources have stimulated       
to develop new BL technologies.

3GLS : 1990’s
l d llow-emittance storage rings w undulators

2GLS : 1970’s
dedicated storage ringdedicated storage ring

Managing high heat load
Micro/nano focusing

©RIKEN/JASRI

Vacuum compatible
monochromator

Micro/nano focusing
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Next generationNext generation light sourcelight sources s gg gg
Storage ring Single-pass 

PEP-X

Upgraded SPring-8?

PETRA-Ⅲ MAX-ⅣPETRA Ⅲ

What’s difference ? What’s difference ? 
©RIKEN/JASRI

ffff
3GLS & these NGLSs3GLS & these NGLSs



4-5 April 2011 ACTOP11 , DLS, UK : SPring-8  H. Ohashi

Towards Next Gen Light Source storage ringstorage ring

Ultimate low emittanceUltimate low emittance 

Electron

3GLS

Electron 
Diffraction limit

Electron 

Facility Energy Emittance
SPring 8 8 GeV 3400 pm・rad

3GLS
SPring-8 8 GeV 3400 pm・rad
PETRA-Ⅲ 6 GeV 1000 pm・rad
NSLS-Ⅱ 3 GeV 800 pm・rad

3GLS
p

MAX-Ⅳ 3 GeV 300 pm・rad
PEP-X ? 4.5 GeV 240 pm・rad

©RIKEN/JASRI

Ultimate low emittance → spatial coherent x-rays
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Towards Next Gen Light Source  singlesingle--pass FELpass FEL

SRelectrons radiation

The superposition of spontaneous radiation 
of electrons with NO phase correlationof electrons with NO phase correlation

FELelectrons radiation

Phase correlated electrons bunched in short 
comparable to the wavelength of x-rays

Phase correlated electrons → Coherent x-rays

comparable to the wavelength of x rays          

©RIKEN/JASRI

Phase correlated electrons → y
Short pulses
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Typical characteristics of photons
at 3GLS & Next GLS ( Ultimate Ring , XFEL)at 3GLS & Next GLS ( Ultimate Ring , XFEL) 

3GLS Ultimate XFEL
( SPring-8 ) Ring ( SACLA )

Pulse  width ps ps fsp p
Peak 
Brilliance

1022 ×102 ×1010

Spatial 
Coherence 0.1% ～100%

©RIKEN/JASRI
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Th k i f BL tiTh k i f BL tiThe key issue for BL opticsThe key issue for BL optics
t N t G ti Li ht St N t G ti Li ht Sat Next Generation Light Sourceat Next Generation Light Source
both XFEL and stateboth XFEL and state ofof thethe art SRart SRboth XFEL and stateboth XFEL and state--ofof--thethe--art SRart SR

h dl d lTo handle and apply 
the coherent x-raysy

XFEL (SACLA) 
©RIKEN/JASRI

XFEL (SACLA) 
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Three big project  Three big project  

USA USA EuropeEurope JapanJapan

Total length Total length 2 km (of 4 km) 3.3 km 0.7 km0.7 km
EE--beam beam 14 GeV 17 5 GeV 8 GeVenergyenergy 14 GeV 17.5 GeV 8 GeV

WavelengthWavelength 0.15 nm 0.085 nm 0.06 nm
R tR t 120 H 27 000 H27 000 H 60 HRep rateRep rate 120 Hz 27,000 Hz27,000 Hz 60 Hz

Operation Operation 2009~2009~ 2014~ 2011~

High rep. rate CompactFirst

©RIKEN/JASRI
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Concept of Concept of CompactCompact XFEL (SAXFEL (SACCLA)LA)
Short-period, 

in-vacuum undulator
Suppression of acc energy

High-gradient
C band linac

High-quality
Electron source

Small emittance Suppression of acc. energy
for hard x-ray production

C-band linacSmall emittance 
even at low-energy operation

Togawa et al.,
PRST (2007)

©RIKEN/JASRI
Compact : 8 Compact : 8 GeVGeV, 700 m, 700 m→ → 0.06nm0.06nm
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Roadmap Under commissioning g
toward lasing1st period

Construction has been completed
FY2006 FY2007 FY2008 FY2009 FY2010 FY2011 FY2012 FY2013

Construction has been completed 

Accelerator & Undulator building
Exp. building

I j & A l

User operationUser operationRF aging/ RF aging/ 
Beam Beam 

Build. Build. 
OperationOperation

Injector & Accelerator 
Undulator & beamline

8 GeV
New beamlines/Seeding 
development

CommissioningCommissioning
8

User operationUser operation
Test operation
Exp building

Machine R&DMachine R&D

0 25 GeV
©RIKEN/JASRI

0.25 GeV
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8 GeV SR
0.25GeV 
EUV-FEL

8 GeV XFEL

SACLASACLA（SPring-8 Angstrom Compact Free Electron Laser）

©RIKEN/JASRI

5-year construction (April 2006 ~ March 2011)
User operation  Early 2012~ 
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©RIKEN/JASRI
18C-band tubes in the tunnel
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Undulator

18 undulators for BL3
λu 18mm × N 5000

©RIKEN/JASRI
19

λu 18mm × N 5000 
90 m long 

©RIKEN/JASRI
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SACLASACLA beamlinebeamline

XFELSPring-8

Experimental hall
Optics hutches

SX HX
HXHX HX

SX
Experimental 

hutcheshutches

5 beamlines can be installed.
1 t b li (BL3)

©RIKEN/JASRI

To SPring-8
1st beamline (BL3) :
Commissioning started March 2011.

©RIKEN/JASRI
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First x-ray (undulator radiation)
at SACLA,  March, 2011

X ray at optics hutch afterX-ray at optics hutch after 
monochromator

Photon Energy (keV)

©RIKEN/JASRI

Photon Energy (keV)
Press release : 2011/3/29 http://www.spring8.or.jp/ja (only Japanese )
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SACLA BL3
OH EH1 2 3 and 4OH, EH1,2,3 and 4

BL1

OH: Common optics 
& diagnostics

BL3EH1: R&D, beam 
conditioning optics

BL1

Laser booth

EH2: Pump & Probe
unfocused beam

(CPA, OPA)EH3: Imaging,
Matter under extreme conditions

with 1-um focusing

EH4 O h t h

7 m

EH4: Open hutch

©RIKEN/JASRI
22XFEL-SPring-8

Exp. Facility ©RIKEN/JASRI
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XFEL-SPring-8 Experimental Facility
Start construction in August, 2010
Completed in March, 2011

XFEL

XFEL i t l h ll

SR

Pump-Probe Experiment with

XFEL experimental hall

©RIKEN/JASRI

Pump Probe Experiment with 
XFEL + SPring-8 Undulator Radiation  

©RIKEN/JASRI
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（4） Summary
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BL optics for handling XFEL BL optics for handling XFEL 

P l d tPulsed nature

XFEL
Mirror, Window, Beam 

splitter, crystal

Shot-to-shotCoherence Shot-to-shot
fluctuation

©RIKEN/JASRI

Manipulator of
mirror & monochromator 
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Requirements for XFEL optics

P l d t

fs-synchronizationDamage-free optics

Pulsed nature

Speckle-free optics
XFEL

Shot-to-shot

Shot-by-shot diagnostics

Coherence Shot-to-shot
fluctuation

Stable system

©RIKEN/JASRI

y
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f h i i

XFEL handling at beamlineXFEL handling at beamline

P l d t

fs-synchronization

Pulsed nature
Damage-free opticsMirror, window

Beam splitterBeam splitter

XFEL

Shot-to-shot

Shot-by-shot 
diagnostics

Speckle-free optics
Shot-to-shot
fluctuationCoherence

Fast 2D-detector
Metrology
@1km-BL

©RIKEN/JASRI

& DAQ
Mirror & monochromator 

Stable system
@
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HardHard--XX--ray ray yy
subsub--10nm10nm focusingfocusing
at 1kmat 1km--BL BL 

7nm7nm

7nm

©RIKEN/JASRI©RIKEN/JASRI
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Focusing mirror for XFEL

Focus size ~ 1 μm, Speckle-free
W ki di t 1

1. Focusing system for multi purpose

Working distance ~1 m
UHV compatible manipulator

2. Focusing system Vertical Horizontal

F i b

for example,
intense laser science

©RIKEN/JASRI

Focus size ~ sub-μm

©RIKEN/JASRI
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X-ray autocorrelator
branch A

Beam

Beam 
splitter

Beam 
splitter

splitter

branch B
Max. delay ~ 1 m (3 ns)
2-bunch operation for much larger delay

• Components: 2 channel-cut crystals + 
2 thick (flat) crystals +2 thick (flat) crystals +
2 thin (flat) crystals

• Simple geometry with wavelength tunability
• Channel-cut: Large size & speckle-free quality Diffraction image

©RIKEN/JASRI

g p q y Diffraction image
of channel-cut
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Bragg beam splitter SPring-8-SLAC-DESY Collaboration

K. Yamauchi, Y. Sano, T. Osaka, 
H. Mimura (Osaka Univ.)
K. Tono, M. Yabashi (SPring-8)

Requirement
Thickness: 20 um to a few umThickness: 20 um to a few um
Bent-free (<<urad)
Strain-freeStrain free
Flatness
Any orientationAny orientation

1 2
> ~2 mmFrame-shaped crystal

~10 μm

1~2 mm

Si t l

Mechanical 
grinding

Damaged layer Plasma Etching

©RIKEN/JASRI

Si crystal g g

~100 μm
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Beam splitter by plasma chemical machining

0.8

1  S12' (w PCVM)
 S13 (w/o PCVM)
 calc

ty

Plane-wave topograph @ 1 km BL
E=15 keV  Si 511 

0.4

0.6

R
ef

le
ct

iv
i

-3 -2 -1 0 1 2 30

0.2

Rotation angle (arcsec)

Mechanical grinding +PCVM

t=100 um t=80 um

©RIKEN/JASRI

t=100 um t 80 um
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Speckle-free Be window
@1-km beamline (SPring-8 BL29XU-L) 

E=12.4 keV, d= 1400 mm 

y

100 μm

2

d 
in

te
ns

ity

1

N
or

m
al

iz
e1

0

Polished O-30 
(HIP powder foil)

Polished IF-1 
(Ingot foil)

N

Polished PVD 
50 nm p v Kapton(HIP powder foil)  

100 nm p-v
(Ingot foil)     
100 nm p-v 

50 nm p-v p

S. Goto et al., AIP conf. proc. 705 (2004) 405

©RIKEN/JASRI

We can check the quality of wavefront preserving optics
by coherent x-rays at 1-km BL before installing XFEL-BL.
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f h i i

XFEL handling at beamlineXFEL handling at beamline

P l d t
Speckle-free optics

fs-synchronization

Pulsed nature
Damage-free optics

p f p
Mirror, window
Beam splitter

XFEL
Shot-by-shot 
diagnostics

Shot-to-shotCoherence Shot-to-shot
fluctuation

Fast 2D-detectorStable system

©RIKEN/JASRI

& DAQManipulator for mirror 
& monochromator 
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ShotShot--toto--shot fluctuationshot fluctuation

3[×1011]

2

flu
x

.1
%

b.
w

.)
1Ph
ot
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 f

to
ns

/p
ls

/0

9750 9760 9770 9780 97900

(p
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t

9750 9760 9770 9780 9790
Photon energy (eV)

SASE source has shot-to-shot fluctuation
To handle the coherent x rays stably

©RIKEN/JASRI

→ To handle the coherent x-rays stably
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MonochromatorMonochromator for XFEL BLfor XFEL BL
Contamination-free UHV-compatible
High stability New manipulator developedHigh stability             New manipulator developed
Use of large (90mm) Si with small offset (20mm)

N lidi f Fl hiNo sliding surface ⇒ Flexure hinges 
High resolution⇒ Piezo liner actuator 

High-stable stages
<0 1 µµrad for 30 min

©RIKEN/JASRI

<0.1 µµrad for 30 min
<1 µµrad for 24 hr 

©RIKEN/JASRI
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DCMDCM : Typical results of : Typical results of ΔθΔθ
ResolutionResolution

-0.5

ad
) 0 1μrad

Requirements of Δθ
» Resolution 0.1 μrad 
» Range ±0 5 deg

-0.5

d) 0 1μrad
-0.2

-0.3

-0.4

of
 Δ

θ 
(μ

ra 0.1μrad» Range ±0.5 deg
» Stability   <0.1 μrad / 0.5 hr
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0 10 20 30 40 50
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Measurement
» Laser interferometer 

Renishaw plc (XL-80) 320 330 340 350 360 37
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StabilityStability

Elapsed time (sec)

-1.4
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d)

Δθ
Elapsed time (sec)

StabilityStability

-0.6

-0.8

-1.0

-1.2

e 
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 Δ
θ 

(μ
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d

0.0

0.1

 (μ
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d) 0.1μrad/0.5hr
Si in the case
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0.0
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A
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-0.1
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e 

of
 Δ

θ

Moved from 1mradPiezo Liner Actuator

Si in the case

©RIKEN/JASRIHigh precise and high stable stage

Elapsed time (sec)

0.0 0.1 0.2 0.3 0.4 0.5
-0.2

 Elapsed time (hr)
A

n Moved from -1mrad
10nm 0.1 μrad 
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DCMDCM : Cooling tubes: Cooling tubes
to prevent water tubes from dragging the crystal

Elastomer tubes

“Double tubing”  is soft and stable in vacuum.

Si Water In Out
Water  In,

asto e tubes

Low vac

Heat 
exchanger

S Water In,  Out  
Out

Low vac.

Ultra 
high vac

30

Rigid tubes (SUS)

Flexible tube 
(SUS)

high vac.

15

20

25

M
S

 (n
ra

d) Vibration
<30nrad( )

5

10

15

Ty
 p

itc
h 

R
©RIKEN/JASRI

Low vibration cooling
0.0 0.1 0.2 0.3 0.4 0.5

0

Flow rate (L/min)
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f h i i

XFEL handling at beamlineXFEL handling at beamline

P l d t
Speckle-free optics

fs-synchronization

Pulsed nature
Damage-free optics

p f p
Mirror, window
Beam splitter

XFEL B i t itShot-by-shot 
diagnostics

Shot-to-shot

Beam intensity
&position

monitorCoherence Shot-to-shot
fluctuation

monitor

Stable systemFast 2D-detector 

©RIKEN/JASRI

Mirror &
monochromator 

y
& DAQ
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MPCCD: MPCCD: DayDay--One DetectorOne Detector
Multi-port CCDs : Day-One Detector for many applications

• Max 3 000 ph @6 keV□50 μm

T. Hatsui

• Max 3 000 ph.@6 keV □50 μm
• Noise 0.18 ph. @ 6 keV
• Q E 80 % at λ= 2Å• Q.E. 80 % at λ= 2Å
• Q.E. 20 % at λ= 1Å

O S

©RIKEN/JASRI

Octal Sensor Detector
2048 x 2048 pixels

Single Sensor Detector
512 x 1024 pixels
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Intensity/Position monitor: Thin-foil monitor
K. Tono, T. Kudo, M. Yabashi (SPring-8) 
C ll b i i h S C ( i i )

Geometry
y y

Compton

Apparatus

Collaboration with SLAC (Y. Feng, D. Fritz, J. Hastings)

x

U

L R

Compton
Scattering

X-rays Semi-transparent
Scatterer D

Quadrant-photodiodes
Photodiode

Q p
Hamamatsu, S3590-09
t300 um, 10 x10 mm2

II Slope: Kx
L R U DI I I I I= + + +Intensity

xxx IK
II
IIKx Δ=

+
−

=
RL

RL

ΔI
x

S ope
Position

©RIKEN/JASRI

yyy IK
II
IIKy Δ=

+
−

=
DU

DU

K. Tono et al., RSI 82, 023108 (2011) 
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Scattering profile
Compton scatte ing + Deb e Sche e ing (e cept fo Si N )

K. Tono et al., RSI 82, 023108 
(2011)

PVD Be CVD Diamond

Compton scattering + Debye-Scherrer ring (except for Si3N4)
Grain-free pattern obtained from CVD nanocrystal (~30 nm) diamond

CVD ”nano” Diamond Si N

(2011) 

0.150.15 0.4

PVD-Be CVD-Diamond

100 umt 30 umt 15 umt
CVD- ”nano” Diamond

0.15

Si3N4
0.5 umt
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→ Y. Feng
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©RIKEN/JASRIlowδ / βhigh ©RIKEN/JASRI
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SummarySummary
11. The key issue for BL optics at NGLS both The key issue for BL optics at NGLS both 

yy
y f py f p

XFEL and stateXFEL and state--ofof--thethe--art SR is to handle and art SR is to handle and 
l th h tl th h tapply the coherent xapply the coherent x--rays.rays.

2. Speckle2. Speckle--free, damagefree, damage--free optics and highly free optics and highly 
stabilized optical system are required for NGLSstabilized optical system are required for NGLSstabilized optical system are required for NGLS.stabilized optical system are required for NGLS.

3. SPring3. SPring--8 Angstrom Compact Free Electron 8 Angstrom Compact Free Electron 
Laser (Laser (SACLASACLA) just starts commissioning) just starts commissioning

©RIKEN/JASRI

Laser (Laser (SACLASACLA) just starts commissioning. ) just starts commissioning. 
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We express the deep sense of appreciation
©RIKEN/JASRI

We express the deep sense of appreciation


