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Recent Results on X-ray Generation at LUCX



Laser Compton Scattering (LCS)

(Exam.) 
Laser 800 nm
0°scattering

Inverse Compton Scattering
 Laser
 Several 10 MeV electron beam

(Small accelerator)

Several 10 keV X-ray
(like as large SR accelerators)
Property of LCS X-ray
 small source point
 monochromatic by 

collimation
 Tunable Energy
 short pulse (ps, fs)

1. LUCX (Laser Undulator Compact X-ray)



Electron Accelerators in KEK used for LCS R&D

Cs2Te 
Photocathode RFgun
マルチバンチ電子ビーム生成

Damping Ring
低エミッタンスビーム

S-band Linac (1.3 GeV)

Electron beam: 1.3 GeV
Intensity: ~2x1010 e/bunch, 
1 ~ 20 bunches/train, 3.12 Hz

x/y ~ 1.5nm/4pmATF

cERL

STF

• Superconducting RF
• Pulsed beam: 
1.3 GHz, 1 ms
• Higher energy: 
60 MeV  300 MeV
Under upgrading

• Superconducting RF
• CW beam 100 uA  10 mA
• 20 MeV

• Normal conducting 
RF

• Pulsed beam: 357 MHz 
- 1000 bunches/pulse

• 1000 kW pulse laser 
stacking in optical cavity

• 24 MeV

LUCX
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Old RF-gun cavity & cathode block

Cathode block with Cs2Te coating

End plate with cathode blockCathode block

Since we consider the generation of short bunched electron beam, high RF 
gradient acceleration and short pulse laser to generate photo-electron bunch in
the cavity are necessary for the generation of high quality electron beam.
This is a photo-cathode RF gun.



S-band 1.6 cell RF 
Gun,  100MV/m more
Operation 120MV/m,
achieved highest 
accelerating gradient 
140MV/m, ~ 6 MeV

250mm

S-band 3.6 cell RF Gun ~ 10MeV

360mm300mm

S-band 2.6 cell RF Gun ~ 8MeV



3.6 cell RF-Gun
Start of beam acceleration 
test from 1/11,2012.

11MeV beam at 120MV/m, from 100bunches/pulse
to 1000bunches/pulse beam generation was expected.
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9.6MeV beam in
a week RF aging
with ~20.3MW RF
input power
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PARMELA SIMULATION

In 2010
In 2012

3.6 cell RF Gun 
Installation



LUCX and ATF electron source: 3.6-cell RF gun 

e- beam

UV laser
(266nm)

Cs2Te 
photocathode

Tuner

RF Input
Waveguide

100mm

Frequency (π-mode) 2856 MHz 
Qvalue 15000 
Coupling β 0.99 
R/Q 395Ω 
Mode separation (π-2π/3) 2.8 MHz 



LUCX acceleratorLCS X-
ray

electron source
Photocathode RF gun

12-cell Booster 

Optical Cavity:
LCS X-ray 
source

Optical Cavity
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Energy 30MeV
Intensity 0.4nC/bunch 
Number of bunch 1000
Beam size at the 
collision point (1σ)

33μm ×33μm  

Bunch length 10ps
Bunch spacing 2.8ns

Energy 1.17eV(1064nm)
Intensity 8mJ/pulse 
Waist size(1σ) 55μm ×25μm  
Pulse length 7ps

Photon flux more than 108 per second

My colleagues got the X-ray
Flux of 107 at 12.5Hz.

Still we have problem
on cavity rigidity.
We need the improvement
of table and installation of
high reflectivity mirrors.  

Brightness 1012
Photons/sec/mm2/mrad2 in 0.1%b.w.

application to novel light sources

Several second is enogh to get X-ray imaging.



LUCX Optical cavity and Laser system

2. Laser Pulse Accumulation with Burst Amplification



AFAD 2015 26-27Jan2015@NSRRC, Taiwan 

R. W. P. Drever et al., 
Appl. Phys. B, 1(1983)97. 
Use PDH method 

Main laser (CW) 

CCW circulate 

Scanning 
Piezo 
ccw trans. 

cw trans. 

Split 
2 

Amp. By QCW 
amp. More 
than 1000 Main path 

With amp. 
FB path 
w/o amp. 

1000 times higher peak power can be 
achieved on electron beam timing, which 

stabilized by reverse path in the optical cavity. 
Main and rev. path resonate on same cavity 
length 

Burst mode optical enhancement cavity 

K. Sakaue (Waseda univ.)



3W

3W picked up 
pulse

30kW burst 
amplified 
pulse

We installed the Pockels cell in order to collect the amplification 
power at the electron beam timing. 





Stability of stored pulse intensity: 15% rms
About 0.2nm accuracy of cavity length adjustment was not achieved two years ago.

Laser power stability in the optical cavity
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2.8mJ/pulse

Stability of stored pulse intensity: 3.5% rms
About 0.2nm accuracy of cavity length adjustment is achieved now.

Optical cavity is not 
stable due to the 
vibration and laser
injection optics drift.



3. Results at LUCX
Four mirror 2D optical cavity to generate X-ray. LUCX
Project

• To downsize the accelerator, we have installed a 3.6cell rf‐
gun and a 12cell booster.

• 3.6cell rf‐gun
• Beam test has been started from Jan 2012. 

• 12cell booster 
• This booster was installed in last June.

2012/02/27 15

1.6cell
Rf‐gun

3m accelerating tube

3.6cell
RF‐gun

12cell booster
New optical cavity for
hard X-ray generation

Microwave resonator cavity
for soft X-ray generation



Development of multi-bunch e- beam at LUCX

2012： 150 bunches, 90 nC
2013： 300 bunches, 380 nC

2014：1000 bunches, 600 nC, 24 MeV
Energy compensation by RF amplitude modulation

Electron beam stability :0.2%(in )

Number of bunches (1000)

Electron Bunch Charge

LUCX beam target：
30 MeV, 357 MHz
bunch spacing 2.8 ns

more than 1000 bunches/pulse,
beam size less than 100m

LCS 
Collision point

X‐ray detector

RF cavity



Summary of Laser-Electron Beam Parameters at the photon-electron 
collision point

Wavelength Repetition Power Pulse energy

1064nm 357MHz 1MW 2.8mJ

Size(H) Size(V) Pulse duration Col. angle

60um 25um 7ps 7.5°

Energy Repetition Charge N. bunch

22MeV 357MHz 0.6nC 1000

Size(H) Size(V) Bunch length Emi (H) Emi (V)

40um 70um 15ps 5πmmmrad 6πmmmrad

9keV LCS X‐
ray Energy

ELECTRON

LASER

40μm×70μm

Laser pulse
Energy in the
Optical cavity Total charge

per train



Number of X‐ray: 
1.2x107 Photons/train

Rep. Rate: 3.13Hz

CAIN Simulation assumed following measured values.
Number of X-ray: 3.6x107 Photons/sec
X-ray Energy: 9keV
Source size:  60um x 25um

X‐ray flux at the HyPix‐3000: 
11.83 photons/sec/pixel
This pixel size is 100um x 100um.

X‐ray energy distribution at the HyPix‐3000

Energy band width(FWHM): ~4%

Calculated by CAIN

Measured X-ray intensity distribution and the comparison with CAIN simulation

We found the present multi-pixel detector was saturated. This problem will be solved using
SOI detector because of the pixel size of 17m soon.

12.5Hz



LCS X‐ray imaging at LUCX

X-ray detector
HyPix-3000

2200 mm 2300 mm

LCS X-ray
source point
10 keV
107 photon/sec

Sample 1
for SOI, for Hypix (doubly scaled image)

Sample 2
for HyPix-3000

X-ray detector(movable)
MCP+I.I.+CCD
SOI: INTPIX4



X‐ray detector for the X‐ray imaging at LUCX/cERL
HyPix‐3000 (Rigaku)
High‐resolution/high‐speed 2D photon counting X‐ray detector 



LCS X‐ray 
imaging at LUCX

• small source dimensions
• clear expansion of image
• edge contrast enhancement by 

refraction

Chili pepper 
280 sec

de
te
ct
or

Chili pepper
300 sec

de
te
ct
or

LCS
point



Evaluation of present LCS performance

放射光単⾊X線 

LCS X‐ray (LUCX)
10 sec exposure
at 107 photons/sec

SR X‐ray (PF‐AR)
30 msec exposure
for angiography

Assume the angiography
by LCS X‐ray,
need 100 
improvement 
 intense electron beam
 intense laser pulse
 smaller beam size
 increase repetition rate
 …
 small crossing angle
 higher e‐ beam energy
 …
integrate challenges!

LCS X‐ray (cERL)
100 sec exposure
at 107 photons/sec

109 photons/sec will be expected at the end of this March.



4. Summary

• We have been developing a X‐ray source by a Laser 
Compton Scattering.

• It is a fundamental technology development to realize 
a compact X‐ray source ,which energy is several tens 
of keV ,where a wide variety of application are 
expected.

• Compact LCS X‐ray source can be small to fit in 
universities, industrial labs and hospitals, then will 
contribute to improve our life.
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Downsizing
to 6m x 8m
by new
technologies

Normal conducting accelerator system for compact high 
brightness X-ray under design

High brightness X-ray facility based on LCS

Thank you for your attention!

To get clear X-ray imaging every second, we have to increase 
the X-ray flux by factor ~ 10.


