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Status of SCSS & X-ray FEL Project in Japan

Presented by T. Shintake, RIKEN/SPring-8

Representing JASRI+RIKEN Joint Team

o Statusof 8 GeV XFEL/SPring-8 Construction

e What we learned from SCSS Test Accelerator
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XFEL/SPring-8 Project (CG)

8 GeV Linear Accelerator (400 m) Experimental Hall
§ Undulator Hall (150 m) &5

find

pE| 8 GeV SPring-8 (existing) a;l




Prototype

X-ray FEL
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SCSS & X-ray FEL Beam Parameter

Beam Energy

0.25

8.0

X-ray Wavelength

60

0.1

nm

Beam Emittance

2

1.0

TTmm.mrad

Bunch Length Az

FWMH

0.3

100
0.3

um
psec

Transverse Beam Size oxy

25

um

Peak Current Ip

3

kA

Charge per bunch q

1

nC

Undulator Parameter Au
K
Length L

18
1.3
80

mm

FEL Saturation Length Lsat

60
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Tunnel Construction started June 207

N ‘

» Accelerator tunnel, on surface.
 Site length 700 m




Stake hole machine’s head. Vertical drilling machine.
1.6 m diameter




Lifting solil through
drilling shatft.

Inserting reinforcing
structure.

Filling concrete




Basement Construction

(Strengthening foundation)

! 8 GeV Linear Accelerator (400 m)

O Soil Total Number of stakes: 139
Size:15m~1.6m

Soft hardness rock

Length: average ~30 m (max 52 m)
- Mid hardness rock .
Piling : June ~ October
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RF Acceleration System n 8 GeY SPring=8 XFEL
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Gun

238 MHz 476 MHz < L-band

Injector 50MeV| g1  Se-band 450 MeV

: Y Y Y
BC-0 BC-1
2 GeV

@1];1] v v v @;[b)@néd] S@gﬁ@n’nﬂ L

@11;112 1.5 GeV

Y Y Y Y

o @ilngl@

11203040 B 0 f = b b E ok E b g b EEEff = BC-2N A R

621 C-band Sector-2 62-16
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

631 C-band Sector-3 c3-16
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

e4-1 C-band Sector-4 c4-16
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

4 GeV

C-band

Klystron 64
Acc. Str. 128

6 GeV

8 GeV
To Undulator




Acc. Mass Production, July 20

Cells for C-band Choke Mode Cavity No. 0O

Coupler

Coupler Matching Test



1450 MeV

0.5 MeV 30 MeV 415 MeV
1ns 50 ps -> 10 ps 10 ps -> 1 ps Ifﬂ*'; = d(;;? ps
(full width)  Round collimator (full width) (full width) (full width)
/ Beam dum
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2
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Undulator for XFEL/SPring-8

Takashi Tanaka

Magnetic Circuit

Hybrid

Length 5m
Period 18mm
Number of Periods 276
Gap Minimum | 2mm
Atl ope |4mm
Max 40mm
K-value | Max 2.1
‘E. _

NeFeB Hybrid




Radiation Power G(W)

10"

10° |

|=3.5kA
e=1lmtmm.mrad
AE/E=0.01%

0 20 40 60 80 100

Distance from Undulator Entrance (m)

120




Optical Comb Generator
as RF Optical Modulator Y. Otake
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Optical Outout of Optical Comb Generator

Driven by Master Oscillator (5712 MHz) Y. Otake
Spectrum of Comb Light (Envelope)
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G—— 30k

. -40F
=
S -50f
— -60}

-70

-80L_ . : L g M i

1530 1540 1550
A (NmM)
—40 . .
—— 0SC
ﬁ — Comb i
§ —80 |
) _
S
3 -120 |
= Noise Spectra of Optical comp
E - Generator & Master Oscillator
Wave Form of Optical Comb ~160_ Ty T ¥ B

Frequency
(H>Y))



Experiment for Opftical Fiber Length Contro] _

ake

FEE RS HaR The optical fiber length was controlled

) within 3 um for 2km long.

DFELD K._,—{\
ﬁ".
L loop filter

Experimental set up

free{mm/vHz]

This experiment was carried
out by using a 1 km phase
stabilized optical fiber laid in
the Spring-8 ring accelerator.

10! 10" 10! 10° 10° 10% 10°
frequency[Hz=]
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First Lasing at SCSS Prototype Accelerator.

June 15, 2006
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Use’r Experimental Room has been build

New Exp. Hall

X-ray beam pipe

User run will start in October 2007
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What |learned from SCSS Test Accelerator

CeB6 thermionic cathodeisvery stable and long life.
One and half year after installation, it’s still OK.

After stabilizing RF power supply and cavity temperature,
SASE lasing became very stable.

Measurement on arriving timejitter showed only 50 fs
Jitter. Bunching process (x100~x400) isfairly stable.

Collimator isimportant to stabilize lasing.
— Collision less bunching.



CeB, Cathode & Heater Assembly

v FEL =

CeB; Cathode 3 mm Diameter
Emittance 0.4 t.mm.mrad
(thermal emittance, theoretical )
Beam Current 3 Amp.

at 1450 deg.C

(using graphite heater)
Current Density > 40 A/cm?
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CeBg; Thermionic Gun provides stable beam.

Beam Profile
CCD Image
Scale 10 mm

500 kV Gun 50 MeV Injector Out

250 MeV Compressor Undulator Input Undulator Output
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Test Accelerator Layout

Injector C-band Main Acc. Undulator

E = 500 kV ok
q=1nC (200) A E = 250 MeV
lpk=1A g%g‘ﬁg 0.25nC q=0.25nC
At =1 nsec 250 A Ipk = 200 A
1 psec At = 1 psec.FwHM
€n = 2 tmm.mrad
238 MKz <1 t
Sub-harmonic pett
f:;nc: ! 476MHz  S-band Undulator VUV Beam
500 KV Booster | inacs C-band Linac
Pulse Gun ~700 kv
BC C-1 C-2 C-3 Cc-4 Y U-1 U-2
- L\ — H Y N @\
1m 2 x1/4 Au=15mm h
Chopper 50 vamm 32 MV/Im Kmax = 1.3
1 nsec 1.8 m x 4/unit gap.min = 3.5 mm e-Beam

<Pxy>=10m Dump
L=45x2=9m
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Temperature Control
on Sub-Harmonic Buncher Cavity

Upstream 238 M Hz Sub-har monic buncher cavity provide time basein
this accelerator.

It has same function as “M ode-locker” in the laser system—-> time base.

Stability of this cavity dominate system performance.
- Cavity body ismade by “Massive Copper”, which eliminates|itter.

Using electric heater, the inlet water temperatureis controlled at
constant.




SHB Pickup Phase ¢ (deg.)
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Stability of Injector RF System

| Stbility of SHB Phase | 978
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Phase Jitter = 0.086 deg. at 238 MHz (10 minute)

- Cavity Temperature Fluctuation < 0.1 mK
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Stability of Beam Energy

Stability of Beam Energy

0.01 — — 500 . . . . .
- 2007/07/25 20:25:02~20:41:42 1 12007/07/25 20:25:02~20:41:42
[ At BC Center ] LAt BC Center
! ] 400 y
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Stability of Lasing

Repitition10Hz Before Improvement

Photo-diode Signal | 4000 sec from 2007/07/12 16:40:09 | AEE |
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Beam Arriving Time Jitter Measurement

The Block Diagram of the Beam Reference Cavity Amplitude (I Signal): 390 mV
Jitter Detection System Reference Cavity Amplitude (Q Signal): 0.54 mV
Synchronized with 0.54mV (1o)  0.54/390=1.38mrad
acceleration RF, A760MHz
5236MH
Tek Run I S:amplei I 1315I BGos I 26 Jul 07 13:5&":25
IQ mixer | | .
Cavity BPM A7OMMZ e O e T ]
"""" 'Q° o R  aunE
L3 . :@ugoo =
! Referencge cavity AR | | w’ | | S |
I I : I N0 i AP Z Z : g
 Position defection = ====Q XS P e
cavity Std Dev g . .
0.54mV _ _ _ ™ . : _ ]
Arriving Time Jitter: S
1 38mrad /476OM HZ / 2-’-[ 46 fseC Dh‘l 200y L2 B Eh2 2EIIIIrT|'-.-' L By M4Uns125l38.-'$ IT4DpS.|'pt 281ns
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Schedule & Summary

User run will start in October 2007 at SCSS Prototype
Accelerator

Mass production for 8 GeV main linac has started.
Mass production of undulator will start in 2008
Civil construction will end April 20009.

|nstallation : 2009-2010

First X-ray beam : End of FY 2010
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Thank you very much!

ot 0

SrrEEr Fre .i 3





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




