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Compact XFEL facility in SPring-8
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SPring-8 XFEL machine

configuration
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SPring-8 XFEL machine configuration
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History of C-band

1996 ~ 2002 500 GeV Linear collider

H. Matsumoto & T. Shintake @ KEK
developed C-band components

- Klystron - Accelerating structure

- Waveguide components -Cavity-BPM

2005 ~ SCSS test accelerator (EUV-FEL)

Practical use of C-band
- High acceleration gradient (37 MV/m)

2007 ~ XFEL construction

- 2007 ~ Mass production
- 2009 ~ Installation




C-band (5712 MHz) RF system

< Unit length =4 m, 125 MeV acceleration
1.8 m x 35 MV/m =63 MeV
« >

>

Choke-Mode Type RF-BPM
Accelerating Structure 70 MW/ Q-Magnet
o

0.5 s Dummy Load ™ v
3dB Coupler per 4 unint

Waveguide

WR-187
RF Pulse ﬁ150 MW Master RF Line

Compressor Trigger Line
Gain ~ x3 05 us %9

AC Power Line

30420 V
50 MW LLRF

Klystron
300 W IQ modulator

< —Q

-350 kV

310 A Pre-amplifier
60 pps

Compact rNﬂ_\
Modulator

Pulse \ 16 series 49 KV HV Charger
Transformer Thyratron — ppN 30 kW
1:16 0.47 pF




Accelerating structure

, SIC absorber

- II Choke Filter

Trapped
Accelerating
Mode

5712 MHz

Choke Mode _
Cavity Accelerator type Traveling wave
Constant gradient
s & Number of cell 89 +2 coupler cells
| HOMs are Lenath e
absorbed. €ng L

Choke mode cavity (Shintake 1992)
HOM damping for multi-bunch operation



Fabrication of the by Mitsubishi Heavy
accelerating structure Industries Ltd.

Bead measurement \
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Production of 128 structures (2007 ~ 2009)
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Precisely machined but
brazing was unstable

After improvement,
2 structures per week

Frequency
5711.8~5712.0 MHz

Phase error Exce\\ent !

~ 1 degree

40 60 80 100 120
Serial Number

Stopped
4 months

Sadao Miura
(Mitsubishi Heavy Industries)

Finally he found SiC ring
distorts the cavity during
the brazing process.



Mass production of by Mitsubishi Heavy

64 gulse COMPressors industries Ltd.

200,000
195,000
190,000
81 85,000
180,000
175,000
170,000

High-O cavities

Serial Number

Directional coupler Tuners




High power RF test (2008 ~ 2009)

> ay FEL )

- We tested 3 different samples from the mass-production.

- Processing up to 40 MV/m, 60 pps.

- Stable operation at nominal 35 MV/m, _
almost no RF trip (discharge) Typical waveform (Ea ~ 40 MV/m)

Tek Run

Chil 10.0v - S00mv O m A Chl % —11.8V
Ch3[ 200mV < |Chd4] 200mv & | 5 Feb 2010
[25.00 % 18:57:31




Installation (Aug. 2009 ~ May 2010)

e .

Wavegwde Connectlon

Laser tracker

Alignment accuracy

CCR on the column ~ 0.1 mm



Ready to run
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For the high gradient accelerator,
we need a compact klystron modulator

1y FEL

Klystron
50 MW

Modulator
350 kV
110 MW

Inverter-type
HV charger
50 kV
35 kW
Stability ~ E
10 ppm (STD) | il 4m/ 1 unit




For the high gradient accelerator,
we need a compact klystron modulator

2y FEL )

Klystron
50 MW
Compact modulator |
S Steel tank: EMI noise shielding |}
Vote [V Eoivel PR S el 0~ O[-filled:  Good insulation
350 kV ki v
110 MW SET R

Inverter-type
HV charger
50 kV
35 kW
Stability ~
10 ppm (STD)




Mass production of modulators (2008 ~ 2010)

ay FEL

by Nichicon Corp.

In the factory
- Assembly
- High voltage test




Mass production of klystrons (2007 ~ 2010)

TOSHIBA TETD Co.ltd.
Model: E37202

Factory test
Overlaid of 60 klystrons
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Output RF power [MW)]

300 350
Cathode voltage [kV]




Installatlon (July 2009 ~ May 2010)
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Timing and LLRF in the cabinets

Timing and LLRF team (Y. Otake, T. Ohshima, ...)

Temperature stabilization for
ultra stable timing and RF system.

Water cooled
duct for optical fiber

Water cooled / - =

cabinet

Water cooled
components

Rack-A
Timing Rack-B Rack-C | Rack-D
LLRF Beam monitors | | PLC control |  HV charger |
VME control - Kly. Focus coil | | Vacuum
| Driver amplifier | Water




Summary and schedule
XFEL uses 64 units of C-band (5712 MHz) high gradient accelerator.
2007 ~ 2010 Mass production completed with excellent quality.
2009 ~ 2010 Most of the components have been installed.
Oct. 2010 ~ Start high power rf commissioning.
Early 2011 ~ Start beam commissioning.
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