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@ Laser Compton Scattering (LCS) =

w Scattered Photon

0, Electron
E, = ymc?
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> 1 EL .
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v Pencil like beam

v Energy Tunable

v Polarized (linear and circular)
v" Correlation of E, and ¢
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@ Quasi-monochromatic LCS photon beam .
B
v ~ 472 Er Scattered Photon ~ VT T2
YT IH(02 W AL/ (md) T RS = Meotron

Incident Photon

for example: E, =35 MeV,E =1.2eV
o poEcm2kev el
> - =0, = e
gn _
~ n
> ~~
GEJ’ 15 E 2e7 t
S 1ol 0=1/y, E;=11 keV | S
2 - E
e 5 —_— | H le7 + 10 mrad
0 . A 4 . L .
0 10 20 30 40 50
scattering angle, € (mrad) 0 | | |
0 ) 10 15 25
Energy (keV)

guasi-monochromatic X-ray
IS obtained with a collimator 5



@ Flux and Brightness of LCS sources N

Flux : photons/s ’) | |
16 rO «— ¢electron classical radius

Frotal = — NeN|_T 5

3 W,
0
/ / \ " collision spot size

electrons collision frequency
laser photons

Spectral Brightness: photons/s/mm?/mrad?/0.1%BW

2
B~ Ftotal 7/_2 x 0.19% for the higher brightness
€n »higher collision density

»higher repetition rate
»smaller emittance
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peak brilliance (ph/mm?/mrad?/s/0.1%BW)
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calculation by using a formula in [1].
[1] F.V. Hartemann et at. Phys. Rev. ST AB 8, 100702 (2005).
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@ Linac-based LCS Sources __

Advantages of Linac

in combination with modern acc. technologies

small emittance - high spectral brightness

short electron bunch - short pulse X-ray

free from quantum excitation

scattering of high-energy photons
—> large energy spread in e-beam especially for y-ray

Drawbacks of Linac

|

low repetition rate = small flux

l\ﬁs

o \\ l@i
—
M or energy recovery linac

can be compensated by multi bunch operation
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complex refractive index of X-ray

phase shift

Phase Contrast Imaging

T2

n=1—6—1p

<N

absorption

absorption imaging

8=0, p#0
o/
zéi!siigg!!!!!!gg

X-ray source

»

phase contrast imaging

8#0, B#0

X-ray source object

edge-enhanced image

v'small source is essential
v'no need monochro X-ray

good matching with LCS

In biomedical tissues,

5>> B
103 1
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@ LCS X-ray Source at AIST 2.3

AIST FACILITY Courtesy of R. Kuroda

Laser Compton scattering X-ray source at AIST

Electron beam Ti:Sa laser (CPA)

~ 42 MeV || Wavelength 800 nm X-ray
140 mJ HE ' detector =

Energy
Charge Pulse energy

Bunch length (rms) Pulse width(FWHM) 100 fs

X-ray energy Pulse width (rms) Total flux

~ 20 keV 150 fs (for fs exp.) ~108 [s@10Hz

~ 40 keV 3 PS (for imaging exp.) ~107 Is@10Hz

——

AALLEE o, UV laser

gl ll l Eicc . Achromatic arc.
s—Te laser photocathode rf gun
Multi-collision LCS with laser cavity (under development)
Expected X-ray flux :5 x 10° /s@10Hz

nationaL wstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




@ LCS X-ray Source at AIST

AIST APPLICATIONS Courtesy of R. Kuroda

In-line phase contrast imaging K-shell absorption edge imaging

Purpose: Investigation of Initial bone disease
(Osteoporosis)

Purpose: Investigation of initial symptom
of the blood vessel disease (Diabetes)

In collaborating with
Ibaraki Prefectural University of Health Sciences

Sample : Rat’s lumbar vertebra Fof exam le

X-ray energy : 30 keV

In collaborating with
National Cerebral and Cardiovascular Center
& Tokai University School of Medicine

le
Sample: Mp/

Rabbit’s ear with iodinated contrast media
X-ray energy:
33.17 keV (K-edge of lodine)

Absorption

Contrast
enhancement

Real time imaging (1 or 10 frame/sec)

REFERENCES

H. Ikeura-Sekiguchi et al., APL 92,131107 (2008)
) o M K. Yamada et al., NIM A 608, S7 (2009)
« O Vo .4 30 % 2. 4. 4 s 3 R. Kuroda et al., NIM A 637, S183 (2011)
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S Photocathode

2 rf-gun

tux Sokac:d

Electron Beam
30/40MeV
400pC/bunch
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h IPAC 2012 New Orleans, Louisiana |PAC ]2



@ LCS X-ray Source at KEK / LUCX

Courtesy of K. Sakaue

Intensity [a.u.]
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@ LCS X-ray Source at KEK / STF

Courtesy of J. Urakawa

(developed for ILC)

electron beam laser pulse collision spot (um) | X-ray flux (10% BW)
40 MeV 30 mJ /pulse head on 1.4 x 101

62 pC, o, = 8.7 ps 162.5 MHz Oy | Cey = 10 /10

162.5k bunch/pulse o, = 4.3 ps o/ oy, =20/20

5Hz

Supported by MEXT Quantum Beam Technology Program

L-band superconducting cavities
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Multi-collision operation of LCS sources

For the higher flux !

multi-bunch electron beam

KEK/STF
L-band RF gun with CsTe photocathode

laser storage cavity

LCS beam

e-beam

Stored laser power
=40 kW

mode-locked laser | @KEK-LUCX

laser pulses from a mode-locked laser
are coherently stacked in a high-finesse
Fabry-Perot cavity.
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@ Spectral Brightness of LCS sources
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LCS sources are surpassing X-ray tubes and approaching 2"d gen. SR.
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@» LCS sources above 1 MeV

1025 “atomic” | “nuclear”

- Ga- 10, et
1020 j - J MES g : 2

B ~ Figtal 5 x 0.1%
én

Peak Brilliance
[ph/sec/mm?Z/mrad?/0.1%BW]

1015

> 15 Orders of Magnitude

1010 sl G .......................................
\|

10 keV 100 keV 1 MeV 10 MeV
Photon Energy

C.P.J. Barty, “White Book of ELI Nuclear Physics”

LCS is unparalleled photon source above 1 MeV.
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Applications of LCS y-ray sources

Nuclear Resonance Fluorescence (NRF)

Energy [keV]
1* 2410 i i
Tublo U2 PR — L fingerprint
_______________ \ 2143 2003 I 27
i 1 1815
_________________ - 2 1733
Absorption Emission
977 938
933 1 680
Absorption Emission
ot 0 ot 0 12 ¥ o Wl Yo ot 0
Flux of gamma-mays 243 Am 237 Np 239 py 235J 2387J

_ Detection of SNM in a cargo

Beam Monitor
23 foil

Notch

Beam + No Scatter = SNM

y-rays

Management of nuclear material

nuclear waste

detection and assay of isotopes
-- U, Pu, and Minor Actinides
-- alpha emitter

San

detectors

T-REX:
Thomson-Radiated
Extreme X-rays

:

0.5-2.5 MeV
tunable

AN

AE/E =107

SNM: special nuclear material

-- difficult to measure
by passive assay

22



@ | cs y-ray source at Lawrence Livermore

VELOCIRAPTOR @ Lawrence Livermore Natl. Lab.
250 MeV Linac

optimization of e-beam

Ey=1-2 MeV 250 pC, ¢, = 0.35mm-mrad, o/E = 0.17%

Test Facility for Nuclear Security Applications

R.A. Marsh et al., IPAC-12

25 pC, g, =0.Imm-mrad, o /E = 0.03%

o o o -
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F. Albert et al., IPAC-11

Bpeak =

X-band linac, SLAC T53 (~ 70MV/m)

Flux = 1x101° ph/s

1x1020
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@ LCS y-ray for Fukushima

Measurement of Pu in the melted fuel - necessary for nuclear nonproliferation!

removal of debris
from the core ~2022

Slab Debris Small Rock-Debris

l ]
, '
Debris of Melted Fuel

Y-ray generation

rav b i
y-ray beam pipe o4



@ LCS Experiment at the Compact ERL

3-year R&D program funded from MEXT (2011-2013)
~ >Installation of a LCS chamber

»Generation of LCS gamma-rays

»Demo-Experiment of NRF measurement

LCS experimental rooms

Building electron gun

superconducting
accelerator
(9-cell x 2 cavity)

» Electron beam = 35 MeV, 10 mA

»>LCS flux ~ 1x10 ph/s
25



@ LCS Experiment at the Compact ERL

Upgrade for U-238 measurement (Just a Plan)

»Reinforcement of superconducting accelerator
> Addition of the 2" loop

) 1+ 2410
+ 2245
T 2176
electron gun
rooms
Two superconducting i ¥ O S o ma-rays
accelerator e - -
(9-cell x 8 cavity) \ 4 8l & 4 l
N\ & 7t aiy
/ # ﬁ # LCS chamber 2381J

@ P
Q »Electron beam = 245 MeV, 10 mA

o i L — 13
’ w8 gl o »Gamma-ray flux = 1x10%3 ph/s
-loop
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@ LCS y-ray source at ELI-NP

ELI-Nuclear Physics : Complex of PW lasers and LCS at Bucharest, Romania

I_....ml\_-z-_llm-ll S i e e R

- LCS y-ray (600 MeV Llnac)

#PW laser stand alone
Production of Neutron-Rich Nuclel
Radiation Pressure Acceleration
#LCS-y / e stand alone
Mapping of nuclear potential landscape
Deformed nuclear shape
Parity violation in (e, €’) process
Production of medical isotopes

#PW laser + LCS-y/ e
Pair creation from the vacuum

Vacuum Birefringence 7

http://www.eli-np.ro/ 07



@ Summary

LCS photon sources is evolving Scattorod Photon
in cooperation with advanced Laser and Acc.

LCS X-ray is approaching 2"d-gen. SR
In terms of Spectral Brightness.

2"d-gen. SR in “laboratory size”

LCS y-ray is an unparalleled source in terms of '

its flux, brightness, narrow bandwidth. St

Innovative science and applications
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