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| SCSS-XFEL has been approved in January 2006

8 GeV, 0.8 A, SASE-FEL
Construction 2008-2010, at SPring-8

Beam commissioning ~2010




SCSS Prototype Accelerator
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Spectrometer

Position s

2400 lines/mm

/ Concave grating \
Slit AU, R=922 m
A

CCD camera:
1340x400 pixels

20 um? pixel size
back-illuminw

Normal incidence, constant deviation geometry
AMA < 0.1 %@ A=58 nm



SASE Spectrum
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For rectangular pulse: AE At=3.6eV.fs mmp At ~ 43 fs




E-beam parameter

Angular photon flux v.s. K-value with ID#1 T Takashietal.
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Calculation with
5nC, e=2mmm.rad, 6. =10”
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2t mm.mrad / 1.25 kA by 3DFEL simulator SIMPLEX



Spatial Profile

-~

[
>

1st-order

- < -
_ 450 2 3
Beam size = 3.4/ 3.9 mm Position (mm)

Divergence = 240 / 280 urad o

Intensity

o
Ul




Coherence

/ SASE, single shot \
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Radiation Energy

s

Energy (uJ/pulse)

Measured with photodiode: IRD SXUV-100 (Pt/Si)

oL Average = 0.96 uJ/pulse
G, =44 %

Peak power ~ 20 MW

~
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Photon Optics for XFEL
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Dose
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Parameters:
7.6e11 photons/pls

S :
10! Cu Source size: 50 um ¢
| D Divergence: diffraction limited
10 - o o e mmmmmom o e.g. 0.4 urad @ E=12.4 keV
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Photon Optics for XFEL
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Single electron

Coherence
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Single electron

Coherence
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Point source,
Many electrons
In random phase
(Chaotic source)

Temporal Coherence
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Point source,
Many electrons
In random phase
(Chaotic source)

Temporal Coherence
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Planer source,
Many electrons
In random phase
(Chaotic source)

Spatial coherence
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Planer source,
Many electrons
In random phase
(Chaotic source)

Spatial coherence
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Wave field
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Coherent illumination:
Bulk and surface quallty to avoid speckles
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Mirror: SP8 - Osaka Univ. collaboration
Mirror: Silicon (001) / Incident angle 1.2 mrad / Mirror length 100 mm

Camera :
e Premachined PCVM PCVM+EEM
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Y. Mori et al, Proc. SPIE (2001) 22



Nano focusing
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Monochromator

. Bandwidth AE/E I
XFEL :6e-4
Silicon: 1e-4 with (111) Diamond: 6e-5 with (111)
8e-9 with (115 3) K. Tamasaku et al., J Phys. D 38 (2005) A61
Yabashi et al., RSI 72 (2001) 4080

\_ Yabashi et al., PRL 87 (2001) 140801; PRL 88 (2002) 244801 -
Single-crystal silicon Single-crystal diamond: Type lla
with cooling holder Collaborated with

Sumitomo Electric Industry
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Diamond monochromator

Diamond attached on Cu holder
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Diamond monochromator
M. Yabashi et al., Proc. SRI 2006 (in press)

@1) polished crystals \ ﬁ: 100 mA, € = 3 nm. rad \

~8x4x0.4 mm3 @ BL39XU
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Surface polish is required for improving image quality 26
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Be window

S. Goto et al., AIP conf. proc. 705 (2004) 405;
S. Goto et al., Proc. SRI 2006 (in press)

@1-km beamline (29XU), E=12.4 keV, d= 1400 mm
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Polished O-30 Polished IF-1  Polished PVD Kapton
(HIP powder foil) (Ingot foil) 50 nm p-v
100 nm p-v 100 nm p-v
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Photon Optics for XFEL
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SASE fluctuation
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Single-shot spectrometer

T. Takahashi A ~1 mm (THz) NSLS ATF (S-band linac + Wiggler)

i, BAERF R R AR FE R R 548 p. 1 (1999) . 4 ~620 nm
P. Catravas et al. PRL 82 (1999) 5261

'/\l’
/
SCSS Prototype Accelerator 30
DESY TTF, PRL 86 104802 (2002)




Single-shot spectrometer

wavelength
L J

-ray
cCamera
r e

1 -1 Diffracted
J;;-',,. \ beam

X-ray mirror

Perfect crystal of silicon




Result
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Mirror quality
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Application

/ Low resolution \

Diagnostics of e-beam energy
Tuning of undulators ...

Si (111): AE; ~ 100 eV
@ E= 10 keV

1000 100 \\ A ET/E - O . O 1 /

At <a few ps

L o week ending
PRL 97, 084802 (2006) PHYSICAL REVIEW LETTERS 25 _AlfGUST 2006

Single-Shot Spectrometry for X-Ray Free-Electron Lasers

Makina Yabashi,'”** Jerome B. Hustings.:" Max S. Zolotorev,” Hidekazu Mimura.* Hirokatsu Yumoto,* 34
Satoshi l\--'l:1t.x:'u).-';'|mu.4 Kazuto Yamauchi,* and Tetsuya Ishikawa'?




Summary

® VUV diagnostics
® Single-shot spectrometer: AA/A =0.4 % @ A =59 nm
® Spatial profile, coherence

® Radiation energy: ~uJ, need transparent gas detector
for user operation (by M. Richter)

® X-ray Handling

® Mirror: Speckleless, Nanofocusing; Low-Z coat, Large
area

® Diamond: Flux OK, Image need to more development
® BeW: Polished PVD OK

® X-ray Diagnostics
® Single-shot spectrometer
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