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SPringSPring--8 site8 site

SPring-8 (1436 m) 
since 1997

XFEL (700 m)
from ~2011

CG



6

JapanJapan’’s XFEL: s XFEL: 
SPringSPring--8 Compact SASE Source (SCSS) Concept8 Compact SASE Source (SCSS) Concept
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Project ScheduleProject Schedule

Linac Bldg.

Undulator Bldg.
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Dr. Kumagai
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Undulator hallUndulator hall

Embankment
Weathering bedrock
Bedrock
Replacement by excavation with crusher stone

Accelerator sectionUndulator section
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Undulator alignmentUndulator alignment

~ 100m
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5 m ×18 segments

Segmented undulators should work as if they were single module !!

overlap of 
e-beam & p-beam

Dr. Kitamura
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CriteriaCriteria
1. Straightness of trajectory: θC < 0.6 urad (LθC <3 um)
2. Magnetic field deviation: ΔK/K < 2e−4

T. Tanaka, SIMPLEX



11

Different approachesDifferent approaches

E-beam:
Iris-coupled BPM (~ a few 10 um)

P-beam:
Spatial profile of monochromatic x-rays ( ~ a few um)
Spectrometer (Magnetic field deviation: 1e-4)

It is difficult to foresee the initial status (stability, reproducibility ...)
Multiple approaches should be prepared
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Alignment of BPMsAlignment of BPMs

ID1 ID2
BPM1 BPM2 BPM3

STEP 1: Align BPMs to straight line

STEP 2: Steer e-beam to the BPM origins

STEP 0: Initial condition

e-beam
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IrisIris--coupled BPMcoupled BPM

Problem: Large diameter of laser iris (> 5 mm) is required for suppressing diffraction
Shorter wavelength radiation

Dr. Shintake

SCSS CDR 2005
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Shorter wavelength sourceShorter wavelength source

1. UV: e.g., He-Cd laser

2. X-rays: Alignment undulator
Yang & Friedsam, IWAA 2006
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Alignment undulatorAlignment undulator

AL-ID1 ID#1Iris U

e-beam, to dump

Iris 1 ID#N Iris N

zU =30 m zN =35 ~ 145 m 
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Separation of profilesSeparation of profiles

ST-Mag

ID1 ID2

ST-Mag

ID1 ID2
Double-crystal
monochromator

Thin-crystal
monochromator

Double-crystal
monochromator
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KK--value adjustment (SLACvalue adjustment (SLAC’’s proposal)s proposal)

Scan of crystal monochromator

Intensity monitor
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Problem: sensitive to e-beam jitter 
(charge, energy, position, angle)
in the reconstruction process

ID1 ID2
Mono

Shot-by-shot recording of :
E-beam energy, charge
P-beam energy, intensity
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Measurement of eMeasurement of e--beam parameters (SLAC)beam parameters (SLAC)

!!!

!!!
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SingleSingle--shot spectrometershot spectrometer

Grating spectrometer:

Low efficiency in hard x-ray regime:
Multilayer grating ?

Shigemasa & Yabashi, JSSRR, 2006

Ishino, Koike et al, Appl. Opt. 2006
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SingleSingle--shot spectrometershot spectrometer

/ cot BE E θΔ = Ω

Si111: 1 eV @ =10 keV
( / 1e-4)

E E
E E

Δ =
Δ =

Single-shot detection

PSDID1 ID2
Spectrometer

Yabashi et al, PRL 2006
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Summary: Requirement for machine & undulatorSummary: Requirement for machine & undulator
Trajectory alignment K-value adjustment

Charge ~ 0.3 nC As large as possible

Projected emittance ≤
 

5 πmm.mrad ??
Bunch compression unnecessary unnecessary

Energy spread σE  (along 
bunch)

~ 1e-3 ≤
 

3e-4

Energy jitter  (pulse-to- 
pulse)

~ 1e-3       ~ 1e-3

Angular jitter  (pulse-to- 
pulse)

< 10 μrad (1 mm / 100 m) < < 3 μrad

Preliminary positioning 
accuracy of BPM

~ 50 μm

BPM resolution & 
stability (single shot)

<< 4 μm

e-beam kick inside 
undulator

<< 0.6 μrad ?? (Larger 
value may be tolerable)
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SummarySummary

Trajectory:
Course tuning (~ 10 um): iris-coupled BPM, 

alignment undulator
Fine tuning (~ um): Spontaneous radiation with 

monochromators, thin-crystal monochromator

Magnetic field:
Single-shot spectrometer
Imposes special condition for e-beam operation

2D-detector
High-efficiency, moderate rep. rate (~1 Hz), 
resolution (~50 um)
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