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Beam Line at Waseda Univ.Beam Line at Beam Line at Waseda Waseda Univ.Univ.
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・The RF-gun is the very compact electron injector system.

・The RF-gun has 1.6 cell S-band cavity made from copper.
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Cathode PlateCathode Plate RF-gun Cavity without CathodeRF-gun Cavity without Cathode RF-gunRF-gun

RF Gun AssembleRF Gun AssembleRF Gun Assemble
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Laser System (Nd:YLF)Laser System (Laser System (NdNd:YLF):YLF)
Laser system  : Nd:YLF
Pulse Width (FWHM)  : 10 ps
Energy per Pulse

UV (262 nm) for RF-gun :    0.15 mJ 
Green(524nm)  Probe light              : 0.4  mJ
IR(1047 nm)   Collision and Probe : 1  mJ

Repetition                                   :   1-25 Hz

•Timing stabilizer 
(119MHz seed light)

•Intensity stabilizer
(25 Hz UV light)

[Pulrise V]
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・・ RMS Bunch Length MonitorRMS Bunch Length Monitor

BPF (11.4GHz)

BPF (6.5GHz)
Oscilloscope

TDS 684B

HP 8473B
Detector

Beam Position Monitor (BPM)

Bunch length Measurement  
by Beam Spectrum

PC + VEE

GP-IB
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Relationship between Bunch Length and RF Phase for RF-gun

ResultsResults
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Inverse Compton ScatteringInverse Compton ScatteringInverse Compton Scattering
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・・Wavelength of Laser LightWavelength of Laser Light

・・Collision AngleCollision Angle

Injection Light

Electron Beam Collision Angle

Scattered Angle

Scattered Light



Photocathode 
RF gun

Linac 

Collision Chamber

X-ray detector

Electron linac system (1st generationElectron linac system (1st generation））
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Photocathode
RF Gun Linac X-ray 

Detectors
(MCP)

Compton 
Chamber

CT SC CT SC SC               SC

M2

Picosecond 
Nd:YAG Laser

Beam Dumper

M1

Remote Controlled
Mirror

Lens

M1、M2: Mirror
CT: Current Transformer
SC: Phosphor Screen

RF Timing
Synchronizer

TW Ti:Sapphire Laser

Femtosecond XFemtosecond X--ray pulse generation systemray pulse generation system

FESTA



-2.5

-2.0

-1.5

-1.0

-0.5

0.0

-20 -15 -10 -5 0 5 10 15 20

X-ray signal at 90 o interaction
M
C
P
 
O
u
t
p
u
t
(
V
)

Time (ns)

Background
signal(Ti:Sa laser OFF)

Total number of X-ray：1x10 4 at IP
Pulse duration：300fs

Detector：

Micro-channel plate

(MCP)

Detection of XDetection of X--ray pulse ray pulse （（in the case of 90in the case of 90゜゚collisioncollision））
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XX--ray yields before and  after the system improvementray yields before and  after the system improvement

・Increase in 
X-ray photon intensity is
attributed to reduction in
the sizes of both beams

Electron beam：

100μm 30-
50μm
laser：

120μm 40μm
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X-ray intensity vs laser energy
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Picosecond multiPicosecond multi--train lasertrain laser

Technique of multiple train laser

2nd stage amplifier

1st stage amplifier

Pulse modulator

Pulse selector

Mode-locked laser

Water

QCW
Laser 
diode

2.5kW

Collimate 
optics

Nd:YAG crystal
3X3X20mm

Faraday 
rotator

HWP HWP QWP

TFP
PC

Output H.V.

Input

Pulse modulator Pulse 
selector
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MgMg--photocathode RF gunphotocathode RF gun
multimulti--bunch electron beam generationbunch electron beam generation

1  macro pulse 1  macro pulse 

=  50=  50-- bunch trainbunch train

total pulse chargetotal pulse charge：： 5.5nC 5.5nC ＠＠ 5050--bunchbunch

uniformity of pulse energyuniformity of pulse energy：：

4% 4% ＠＠ 5050--bunchbunch

the corresponding laser energy :the corresponding laser energy :

2020--3030μμJJ

＠＠119MHz and 50bunches119MHz and 50bunches
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SummarySummary

１．Extremely low emittance electron generation system (RF gun and psec laser)

・QE：１ｘ１０－４(Cu)、 １ｘ１０－３(Mg)

・Transverse emittance:2.6mm･mrad @1nC (Nd:YAG 4th harmonics)

・pulse shape control of laser resulted in 

extremely low emittance e beam (1.2mm･mrad@1nC)

・multi-train laser system is under development for intense X-ray beam

２．X-ray generation via the inverse Compton scattering

・femtosecond X-ray pulse generation at the incident angle of 90degree

X-ray intensity: ～１０４photons/pulse

・30keV X-ray generation is planning after system improvement

electron energy ： 40MeV, laser ： 0.5J/pulse

・In the preliminary experiment,  around 10-fold increase in intensity was

observed. FESTA
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Electron Beam
Probe

Control

Pulse Radiolysis SystemPulse Radiolysis System
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Setup for white light generationSetup for white light generation

flow cell

lens

oscilloscope

monochromatordetector

White light generationWhite light generation

white light generation systemwhite light generation system
Obtained white light spectrumObtained white light spectrum

filter
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Time profile of hydrated electron ( at 720nm)Time profile of hydrated electron ( at 720nm)

Time resolution :
30ps is achieved!
Time resolution :
30ps is achieved!
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SummarySummary

1．Development of RF Gun System
* RF gun is operating well!

2．Beam Diagnosis
( Emittance and Bunch Length Measurements )

* Slit scan techniques
* RF kicker cavity  ( in progress)

3. X ray Generation (  Inverse Compton Scattering )
* Soft X-ray with 7.7 ps (rms) was generated!
* 5 x 103 Photons/ pulse

4. Pulse Radiolysis System 
* ps Pulse Radiolysis System by Stroboscopic Technique


