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Inverse Compton scattering
(Laser-Compton Scattering, LCS)
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y ~80 @ Ee =40 MeV
Maximum flux: Head-on collision
Maximum X-ray Energy ~ 30 keV

Features of LCS X-ray

- good directivity

- angularly distributed

- quasi-monochromatic in small
solid angles

Utilization for material science, etc

Ultra-short pulse,

high-peak power lasers

+

Low emittance, High brightness,
electron source

High flux X-ray source
(can be a “Compact” X-ray source
compared with Synchrotron facility)




A compact high-brightness X-ray source
@ Superconducting Accelerator Test Facility (KEK STF)

The Quantum Beam Technology Program of the Japanese Ministry of
Education, Culture, Sports, Science, and Technology (MEXT) 2008.9 to 2013.3 |
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Goal: - W
1.3 x 1019 photons/sec 1% bandwidth P =g V-
@ 5 Hz, 40 MeV, 10 mA beam

Beam & Laser collision point

Beam dump

Passed w/o beam 10ss
in April 2012
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: L_aSer  From the cathode
40 deg bend To the dump ~ 23m Rey.Hori

X-ray detector Beam operation (~ Dec. 2012)
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Electron beam

e

Photocathode
L - band RF gun

(2.6 MW input)
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Specification (Goal)
Pulse length 1 ms
Repetition rate 5 Hz
Bunch Spacing 6.15 ns (162.5 MHz)
Number of Bunch 162500
Bunch Charge 62 pC
Total charge / pluse 10,000 nC

Beam Current 10 mA (~=7TmA@Mar.)

Beam size at collision point ~ 10 um (36um in ¢ @ July)

Bunch length 12 ps (Laser, FWHM)

Max. Beam Enegry 40 MeV 30~40pC/bunch

Beam power 2.0 kW (40 MeV Beam) 162448 bunches in 1ms rf pUlSE

Beam energy ~ 3MeV >



\ Laser system

Oscillator

162.5MHz mode-locking et
2D four mirror cavity to | IM/

. -/
generate X-ray with two

cylindrical lenses
30mJ/pulse

Burst Amp
By 100 times
(10uJ/pulse)

Fiber Amp
(100nJ/pulse)

Short pulse 4.3 psinc



SOl X-ray detector

One of the Detector Technology Project (DTP) at KEK since 2005
Monolithic silicon pixel detector with Silicon-On-Insulator technology
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High-resolution X-ray image
can be measured in one detector! b e ey
Almost inactive with y-ray more than 100 keV L O L

v-ray reaction probability at SOI layer(40nm) and bulk (260um)

—> very small ~ 0.6% @ bulk
—>Good for high radiation background environment such as the QB Accelerator




10.2 mm

Integration-type SOI pixel detector (INTPI1X4)

15.3 mm
< >
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-developed in 2009

=832 x 512 pixels (14x8 mm)
= 17um pixel size

=300V for full depletion
(resistivity=700 Ohm-cm)
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INTPIX sub-board (“SDEAAQBR?I?Z,,) @control room
INTPIX * Analog to » Data transfer
Analog output Digital Converter S Ethernet
(ADC) 12-bit Using “SiTCP”




Pre-experiment at KEK Photon Factory (KEK-PF)

Integration time 200us/image x [ 50 dark images + 300 X-ray images ]
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Detector Setup at QB accelerator

X-ray = ‘ Ol f"M_/)(_ray Nal signal by beam loss back ground
(distance from ME = fe: = Nal
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—> SOl trigger

—> SOl integration gate

| (changeable, from 40 ns/clk to ~ 1 ms)
Delay timing was adjusted using

Il Nal background signal from beam loss
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X- ray detection and current status

- w-=x End of October (operation in last week)

| Position of laser and electron beam at the
collision point can be adjusted on the

Electron | florescen_ce screen

/ [Current issue]

- Electron beam requires additional

feedback control system to be stabilized

- Laser system optimization is underway.

We are focusing synchronization of

electron beam and laser with lower

Intensity very carefully (to prevent

physical damage first)

- Collision tuning and increase of laser

intensity will be performed in November.

Screen captures of florescence screen at the collision point



X-ray detection : very preliminary analysis

400 bunch (~2.4us) pulse train, ~40 pC/bunch

_ Red: “On” beam
£ 107¢ - Beam position is adjusted to the
3 10°) =\ laser position.
o & A Black: “off” beam
10° ‘i\i\e \ - Beam position is off by ~1mm
035 / \ 300 pulse trains accumulation
10°F \
? Unfortunately we don’t detect X-
10° ray yet due to very weak laser
10} y-ray power currently (to be continued)
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We established DAQ system for the measurement of X-ray spectrum
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Summary and near future plan

A compact high-brightness X-ray source based on inverse Compton scattering

has been developed on the Superconducting Accelerator Test Facility (STF) at
KEK.

All the component was installed and we are operating the accelerator.

We are trying to do collision experiment and optimizing electron beam and laser
to reach our goal and demonstrate X-ray imaging by using SOI X-ray detector.
Operation will be continued in the end of December.

To be done:
- Stabilization of electron beam at the collision point - within a few microns
- Electron beam size ~ 10 um / laser size ~ 20 um
- Increase of laser intensity with the synchronization to electron beam
- measure X-ray intensity = 1.3 x 1019 photons/sec 1% bandwidth
@ 5Hz, 40 MeV - 10mA electron beam & 30mW/pulse laser



