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Introduction
• Sumitomo Heavy Industries Ltd. and AIST, 

under the Femtosecond Technology Association 
(FESTA) have developed a laser-Compton x-
ray source in FY2000, in the Femtosecond 
Technology Project.

• We succeeded to generate 150 fs x-ray pulse 
in FY2004.

• As the project is over in FY2005, it was moved 
to AIST Tsukuba for further improvements and 
modifications, in collaboration with users in 
physics, industries, and medical sciences. 
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Description of x-ray 
source
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FEL

•Laser-Compton (1 ~ 40 MeV)
•Polarization-variable undulator light 
(visible)

Positron for material research

S-band 
compact linac

800800MeV storage ring TERASMeV storage ring TERAS

400 400 MeV storage ring NIJIMeV storage ring NIJI--IVIV

Positron beamlinePositron beamline

Laser-Compton 
(10 ~ 40 keV)

AIST electron accelerator complex

70 m
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X-ray station

Two 1.5m accelerating tubesPhotocathode rf-
gun

Nd:YLF laser

Ti:Sapphire laser

Achromatic arc

X-ray

electrons

Laser-Compton
X-ray source of AIST

8 m
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18 keV

Current status
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Electron energy: 27.41 MeV
X-ray energy: 17.56±0.37 keV
Solid angle: 0.3 mrad
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Specifications

Electron beam
Ti:Sapphire laser

Electron energy 20 ~ 40 MeV

Energy spread 0.2%

Bunch 
charge/bunch

0.8 nC

Bunch length (rms) 3 ps

Beam size (σx/σy) 40/30 µm

Wave length 800 nm

Energy/pulse 140 mJ

Pulse length 
(rms)

100 fs

Beam size (σx/σy) 30 µm

X-ray

Collision 
angle (φ)

photon energy Pulse 
width (rms)

Number of Photons

90 20 keV 150 fs

3 ps

~106 /s (max) @10Hz

165 10 keV ~ 40 keV ~107 /s (max) @10Hz
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Recent activities
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Electron: 28 MeV
X-ray: 18 keV



Particle Accelerator Conference 2007, in Albuquerque

Electron: 30 MeV
X-ray: 21 keV
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I don’t know why, but most of the users say…

“Very nice and unique x-rays, but 
will you increase a bita bit…?”

a bit …

109 photon/s, 

Two orders…
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1. Generation of a high-charge electron bunch 
with Cs-Te cathode.

2. Multi-bunch generation and acceleration with 
beam loading compensation, and a multi-
pulse UV laser development.

3. Picosecond-pulsed laser-Compton scattering 
within a cavity of a regenerative amplifier.

4. Strongly-focused electron beam at the 
collision point

OK, let’s do it.
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A compact cathode load lock system

RF-gun • Compact (guide to 
cathode 1 m or less)

• Various cathode 
medium (Cs-Te, etc.)

• Always keeps cathode in 
vacuum,(quantum efficiency 

0.1% or higher)

• 5 nC per bunch, or 1nC 
per bunch times 100 

bunches
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YVO4
ps-Osc

To modulator

1/4λ
Pockels 

cell

AOM

100pulse

CW mode-lock

RF amp. AWG

dump

OSC pulse picker

Pre Amp. & Pulse Modulator

FI

X 2 stage

Single pass G=10

Amplifiers & frequency converter
From 
modulator

Flat pulse
SHG FHGYAG amp

1st order

YAG Pre. Amp.

KTP BBO

Intensity pre-modulated multi-pulse laser for 
photocathode rf-gun

Intensity modulation
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Multi-bunch electron beam
All solid LD pumped Nd:YVO4 laser, 8 µJ × 100 pulses/ macropulse@UV

0.6 nC × 100 bunches/ macro 
pulse with Mg cathode

1m

(laser pulse)

(electron bunch)
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Laser gain medium

Multi-pulse x-ray

Fat beam part

Multiple electron
bunches

Seed pulses

Multiple laser-Compton scattering within a cavity 
(regenerative amplifier)

Pump laser

Thin beam part

• Optical pass length of amplifier: 5.7 m (3 
seeds), 7.6 m (4 seeds), 9.5 m (5 seeds)

• Laser wavelength 800 nm

• Intra cavity power 100 mJ 100 pulses (total 
power of 10 J)

• Pulse width 10 ~ 20 ps

• Focal spot size 40 ~ 50 m
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Main cavity for multi-pulse laser for laser-
Compton scattering

Regenerative amplifier cavity

•1×3 beam expansion telescope inside the 
cavity

•Fat beam　6 mm, thin beam 2 mm
•Residual astigmatism for angular offset 
by concave mirrors of the telescope

e-

X-ray T-ray

Cavity optics calculated with Winlase
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Q-ray

camera

PD fiber-coupling

SESAM(PZ
T) PC FR

AOM

FRPre-amplifier

Ti:Sa 
oscillator

OC(picomot
er) grating

R-150

R300

stretcher

Main 
resonator

ＩC

(Picomoter）

1.8 m

640mm

180mm

150mm

300mm

200mm

10mmΦ

200mJ

800mJ

5W

1.2
m

2.2  m

1.5 m

1200mm

Half 
mirror

PD

Millennia

electronelectron

79.3MHz

Laser system for multiple laser-Compton scattering
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Summary Done
On going

To be achieved
Current status:

• X-ray energy : 10 ~ 40keV (electron beam energy: 20 ~ 40 MeV)  
• Photon yield : >107 photos/s @ 10Hz
• Transmission, refraction-enhanced imaging

Injector modification:
• Multi-pulse laser of 8 µJ × 100 pulses @UV was generated
• 600 pC × 100 bunches with magnesium cathode was generated 
• Cs-Te cathode and load-lock system, will be installed soon.
• 5 nC/single bunch and 1 nC × 100 bunches

Multi-pulse laser-Compton scattering:
• Optics design, is almost done
• Main cavity design, is almost done
• Main cavity vacuum chamber is on a factory line
• Intra cavity power of 100 mJ × 100 pulses = 10 J
• PMQ for strong focus, is still under discussion, but probably we need it
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