
Existing 1 km Beam Line Space

SＰring-8



8 GeV SPring-8

6 GeV X-ray FEL Facility

Future X-ray FEL at SPring-8

Target Wavelength  1 A

6 GeV C-band Accelerator

1 km Site Length

Multiple User Beam Lines



• Low Emittance Injector Short Saturation Length

• High Gradient Accelerator Short Accelerator Length
KEK C-band 35 MV/m x 30 m = 1 GeV

Lower Beam Energy 
Short Saturation Length

• Short Period Undulator

Kitamura’s In-Vacuum Undulator : E = 1GeV, λu = 15 mm, λx = 3.6 nm

SCSS:SPring-8 Compact SASE Source
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Milestone of SPring-8 X-FEL

1st Phase
Energy: 1 GeV
Length: 100 m

2nd Phase
Energy: 6 GeV
Length: 500 m +Beamline



Main Accelerator : C-band LINAC

Conventional:  S-band （f= 2.9 GHz）

RF (Radio Frequency)
Supply to accelerator

Electron 
beam

35 mm

C-band （f= 5.7 GHz） First Practical use of C-band LINAC

• Compact
• High accelerating gradient

Electron
beam

20 mmHalf wavelength



C-band R&D

JLC C-band (5712 MHz) Main Linac Tunnel
Granite: stable ground

Diameter: 3.0 m Diameter: 4.2 m

36 MV/m

Active Length: 14 km

Klystron gallery

50 MW x 2

RF Pulse compressor

klystrons

RF pulse compressor

50 MW
2.5 µsec

Conventional
wave-guide system

Gain: x 3.5

36 MV/m
(45 MV/m)

Accelerator
1.8 m eachBPMs

8 m

beam



High Accelerating Gradient　→　Compact Accelerator

S-band LINAC

KEK-PF
8 GeV / 460 m

= 17 MV/m

Spring-8
1 GeV / 80 m
= 13 MV/m

C-band LINAC

Linear Collider
500 GeV / 13 km

= 39 MV/m

SCSS
1 GeV / 29 m
= 34 MV/m



C-band Accelerating Structure

Choke Filter
Trap accel. RF
Remove wakefield 

Avoid  - HV discharge
- Dark current

O2-free copper
Hot Isotropic Pressure



Resonant frequency adjustment

5.7 GHz ±200 kHz
↓

15 mm ±0.5 μm
Super-precise lathe

（超精密旋盤）
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SCSSPrecise Temperature Regulation System
 for C-band Accelerating Structure
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C-band Accelerating Structure

Touch Panel

Set Value
　　30.00℃

Present Value
　　30.00℃

DC motor type,
V-shape cut two-way valve 
   (Enlarge rangeability) Keep

with / without RF power (0 to 4.0kW)

<Operation>

30.00℃±0.10℃

Mineral insulated resistance thermometer sensor
  ( Pt100Ω, Four-conductor type, Class A )

 : for accelerating structure
  (Shethe dia. 0.8mm)

Water

Zero cross type thyristor control:
Low EMI noise emission

SSR : Solid State Relay

Using heat extension of Cu
100 kHz  per 1 ℃

↓
Target temperature ± 0.1 ℃

Precise Water Control System



“Compact” Modulator Power Supply

Modulator

Insulating Oil （絶縁オイル）

Compact
Air-tight

Stainless Tank
Electric noise shield
Movable

Typical
Conventional Modulator

Inverter Power Supply
Output :  50 kV, 30 kW
Voltage Stability : < ±0.25 %

19-inch rack mounted

C-band Klystron

1.5 m

1 m

1 m



When the maintenance …



Inside of the Modulator

HV input

HV output

Return protect
diode & resister

HV capacitor
22.3 nF x 18 units

Adjustable inductance
(Pulse Forming Network)

Thyratron tube
(50 kV switching)

Cooling water pipe



High Power Operation Test

2003 March Constructed
2003 July Long run test
2004 January Klystron RF test



Inverter Power Supply → Charging to Modulator Capacitor

45 kV

Voltage of the capacitor

Charging current

16.7 ms (60 pps)

1.25 A



Modulator → HV Pulse at Klystron Cathode

-350 kV

300 A Voltage
Current

Width
(FWHM)
4.5 μs

Flat Top
2.5 μs

Investigating this oscillation



Flatness of the Flat Top

2.5 μs

…will be tuned more

±0.5 %



Stability of the Voltage

< ±0.25 %
within measurement error
(oscilloscope resolution)



RF Output of the Klystron

RF output

50 MW Klystron Voltage

350 kV

2.5 µs



Continuous Operation Test
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100

96

98

102

104

Klystron voltage

Klystron current

Charging voltage
Total Operation: 140 hour

(3 x 107 pulse)

Interlock stop: 5
Klystron discharge 1
Thyratron miss-fire 2

→reasonable rate

Reset and re-started soon



High Power RF Test  (2004 April ~)

2003 Sept. ~ 2004 Feb. (last week)
Construction

First trial of
High Power RF (50 MW)

from Klystron
to Accelerating Structure

Electrical field (=Accelerating gradient) 
(Nominal: 35 MV/m, Max: 70 MV/m)

Dark current emission



500kV Electron Gun Test Stand
SCSS

Pulse Transformer
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500kV Electron Gun Test Stand
SCSS

Pulse Transformer
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500 keV Beam Production

SCSS

Gun Voltage

500 kV
Beam Current (CT1)

Beam Current (CT2)

Beam Current (CT3)

1 A

Cathode Sleeve Temp

               : 1523 deg.-C

Repetition Rate : 1 Hz

Nov. 19, 2003



20mm

20mm

電子ビーム





SCSS Undulator  In-Vacuum Type

First prototype model arrived, Sep. 2002

– Segment length   4.5 m
– N=300/segment, λu=15mm
– Mechanical minimum gap = 2mm
– Nominal gap ~ 3.5mm (K~1.3)
– 45-deg. tilted Halbach type
– More compact than ordinary ones



Summary

• C-band Accelerator
• Modulator: operation test
• High power test: 2004 April ~

• Gun:
• First beam extraction
• Emittance = 0.9π mm・mrad (Preliminary)

• Undulator: 1st model

Going advanced
step-by-step
day-by-day

R&D ⇒ Construction & Mass-production   2005 ~  (Hope)



SCSS meeting  2003 Nov.



Spare



Technical data



SCSS Layout



SCSS  Beam Parameter



Bunch Compression



Spectral Peak Brilliance

Obsolete



Water window





Modulator:  Electrical Circuit

In Insulating Oil

Output:
-22 kV

Charging: 47 kV

Repetition: 60 pps
Klystron Cathode

-350 kV

Pulse Transformer
Step-up  1:16



Injector Layout



Emittance



Other R&D Components



Ceramic base stand



Cavity BPM



Klystron



HV Tank



New Magnet Array



Field Adjustment



Summary



Next Step



X-ray Experiment at SPring-8



Spring-8 Beamline



X ray / soft-X ray Experiment

Experiment room
Photo detector

CCD & Imaging plate
e- beam energy:      8 GeV
Storage ring:           1436 m
Photon beam line:  62 From… http://www.spring8.or.jp



Imaging

Absorption

Refraction

Cancer at ear of the rabbit

From… http://www.spring8.or.jp



Fluorescence  X-ray

Energy

C
o

u
n

t
- Science: microanalysis （微量分析）
- Archaeology （考古学）
- Crime detection （犯罪捜査）

From… http://www.spring8.or.jp



Photo Electron

Detector

Energy
analyzer

- Material science

From… http://www.spring8.or.jp



X-ray Diffraction

- Material science
- Biological science
- Medical science

From… http://www.spring8.or.jp



Biological Application

Nano-crystal

Brown motion of DNA

“Protein 3000 project”
High-throughput FactoryFerment（酵素） of 

HCV（C型肝炎） virus RNA

From… http://www.spring8.or.jp



LEPS:  Inverse-Compton gamma ray

From… http://www.spring8.or.jp



Synchrotron Radiation in the world



TESLA-TTF



LCLS




