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Introduction,

 Facilities
 Laser-Compton photons
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300 ~ 800 MeV, 300 mA
Electron storage ring “TERAS” of AIST
Tsukuba, Japan
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LCS gamma-ray beamline
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Energy spectrum of
11 MeV laser-Compton photon beam
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Application: 1
Electron-beam energy

measurement 1n an electron
storage ring, non-destructively
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Counts per channel (cts)

Electron energy (MeV)

Non-destructive measurement of electron energy in an electron

storage ring with laser- Compton scattering
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Simple, timely, and robust!!
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Basics: 1

Photon flux of pulsed gamma-ray
(Q-switched laser, pile-up event)
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How to estimate photon flux of pulsed-LCS gamma-ray?
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LCS gamma-ray Beam divergence

beam source size
Horizontal: 299 yrad

Horizontal: 40 um
Vertical: 277 urad

Vertical: 180 um

Longitudinal size: 40 cm
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Source development: 1

Multi-pass laser-Compton
scattering
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Multi-pass laser-Compton scattering with circulating electrons

Spherical concave mirror Spherical concave mirror
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Multi-pass laser-Compton scattering with circulating electrons
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Intensity gain of 3.3 was achieved with method-Al!

Compton Sources for X/gamma Rays: Phys.and Applications , Sep. 7-12, 2008, Alghero, Italy



National Institute of Advanced Industrial Science and Technology (AIST)

Source development: 2

Long-Axis Fabry-Perot Cavity
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Fabry-Perot cavity in electron storage ring

Enhancement of an effective laser power for LCS up to a few decades
using a F-P cavity.

_ Long-axis F-P cavity
Laser light

Laser longitudinal-standing wave

electrons
Longitudinally-single mode laser
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6-m F-P cavity, installed in the
storage ring

Cavity mirror Cavity mirror

(downstream)
Vi » (upstream)
lewpo 6.08 m Viewport
Collimator  (out) (in)

= L‘E --------------

X-ray detector lﬁ / Bending magnet \ laser

Cavity length (m) 6.08
Laser- g-parameter -0.216
Compton Mirror r.o.c (m) 5.0
photon Rayleigh range (cm) 244 .1
Beam waist size at focal point (mm 0.909
Beam waist size at mirror (mm 1.452
Power density (kW/cm?2) 60.4
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Long-Axis Fabry-Pérot Cavity for Intense Laser-
Compton Photon Beam

H. Toyokawa et al., Jpn. J. Appl. Phys. 44[10] (2005)7671.
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Photon yield enhancement of 75.3!!

Nominal values

Reflectivity; R
Transmissivity; T

Measured values

N NI N N N NN N

99.83 % (catalogue)
0.17% (catalogue)

Total loss; P ? (ppm)
Finesse; ¥ 1850

Ring down time 12.1 usec
Cavity length; L 6.08 £ 0.05m
FSR; Avgegr 24.7 MHz
Bandwidth; Av_,, ) 37 kHz
Finesse ; ¥ ~ 660
Reflectivity with round trip loss 99.53 %
Round trip energy absorption; 9, 0.612 %
Maximum gain; G, /5.3

Cold cavity Q; Q, 1.17x1010
PZT tuning coefficient 0.550 MHz/V
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Source development: 3

W-band (95 GHz)
Electromagnetic-wave Undulator
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Device imageD. Open-sided Traveling Simulation
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Practical solution

|
i
Open slit 18 mm |

Electron beam

Suppression of n=>0
w N TEy,, mode

20 mm
5 mm

Cylindrical mirror (Copper, Brass, etc)
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H. Toyokawa, R. Kuroda, H. Ohgaki, Proc. 22" Particle Accelerator Conference
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Application: 2

High-energy Gamma-ray CT
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Linac-based X-ray scanner

. Simple and robust
. High throughput
. Cost effective

LCS y-ray CT system using electron storage ring

®

. Highly penetrable

. High low-contrast resolution, results in
precise recognition of object shape,
materials, and density

. High spatial resolution

~

(e
i
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Why CT using high-energy
monochromatic photon beam 1s required?

1. High-energy photons penetrate large sample
objects (MeV photons are the best).

2. Only monochromatic photon beam tells us linear
attenuation coefficient of the sample correctly (not
polychromatic photons).
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CT beam line
3145 3060 7790
| I
| 1st Collimator HCS beam
Interaction laser \ 2nd Collimator
region \ , /

= 1
/ Shutter Nal(TI)
CT stage @

800 MeV electron
storage ring “TERAS”

Shielding wall

(Unit in mm, top view)
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[, =1, e*

y-ray detector
(full-energy
absorption)

% A= in(i/1,)

MY =6+ U= in(iy1,)
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Measurement of uy, at x=x,, 6=6,
Survey every line-phase space (x, 6), then obtain a sinogram

_ 051101 _revD60901 =101 x|

23x300 pixels; 32-bit grayscale; 260K

2-D image of u(x,6)

Tomographic image reconstruction (filtered back projection,
algebraic reconstruction technique, maximum liklihood
expectation maximization, etc.)

2-D image of u(x,y)
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Crack ran through
coarse aggregates

S iT—— |

wo ¢z

“).2 mm in width

Low

- I:’hot_o

H. Toyokawa et al., Review of Scientific Instruments, 73(9), 3358(2002).

Cross-sectional image with CT

Coarse aggregates are visualized

ACF Award 2006 “Best Concrete Research”
Radiography of Reinforced Concrete Structures Using Compton Backscattered Laser Photons

Beam, H. Kanada, H. Toyokawa, T. Uomoto, 2006, Bali, Indonesia.

Aluminum phantom,
(high-contrast, and spatial
resolutions)

Reinforcement
bars (1 cm)

CT Image on phOtO _._- ‘ Measurement time: 5 hours

Photograph of specimen (from bottom)
Stroke 500 mm, 10 mm/sec, resolution 5 mm

Concrete block with iron ores, 100 mm><100 mm)

(Specimen
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Fire extinguisher

Wood (mulberry tree)

1. H. Toyokawa et al., Rev. Sci. Instrum, 73(2002)3358.

2. H. Toyokawa, Nucl. Instrum. and Methods in Phys.
Res., A545(2005)469.

3. H. Toyokawa et al., Proc. of The Eighth International
| Topical Meeting on Nuclear Applications and
" | I Utilization of Accelerators, pp.331-335, 2008.
N i i i
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Novel methods under development

Nuclear Resonance Fluorescence

(nondestructive assay of radioactive nuclides)

Dual-energy LCS-CT

Nuclear Resonance Fluorescence

X-ray fluorescence
Atomic interaction

Nuclear resonance
) fluorescence (NRF)
Photo-nuclear interaction E
Non-destructive inspection of K
B t// special nuclear materials (SNM)
K

explosives con

taining 180, 12C,
and 14N for homeland security is
possible, even though they are
hidden in a safety-box or cargo
container.

Nuclear Resonance

Quorescence NRF /

such as 233U, 235U, 2%%Pu, 232Th, and g

N

N
~

~_
=

p)

4.4 and 8.8 MeV dual-energy y-ray CT

We detected carbon through shielding box of

iron 1.5cm Lead 2mm

1. Deuterium oxide 8. Copper

2. Chromium 9. Tantalum

3. Aluminum 10.  Tungsten

4. BGO 11, Stainless steel AtomiC number (Z) and
5. Water 12.  Magnesium .

o siicon 5 e, electron density (p,)can
7. Quat 14, Ar be visualized.

7

Industrial PET/CT (material science)

Pulsed positron production (positron lifetime spectroscopy)

-

positron-annihilation

P

Sample object a

Incident photon beam

P, .

W = -In(P/P,) (integrated
value along the photon beam
path)

&Cs-induced positron emission tomography

~

/

LCS y-ray beam

High-purity Ge

detector
\ y-ray detector (full-
5 Annihilation photon (511 keV) €nergy absorption)

m m % @ s w0 7o |
Photon energy (keV) o *
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&D0ca (D panls; 32-ba gravscake B1EK

511 keV Positron emission 9.05MeV Transmission
A few cm ~ few tens of cm . D efe Ct
A Positron need|
Y Interstitial atom

y-ray detector (energy)

D\ Impuritiy
e

---------------- N < Vacancy
................ s £ A
LCS y-ray beam .
e T\’D Void
y-ray detector (timing) c c
Annihilation y-ray Specimeni Dislocation

/ (preferably made
by metals)

@ keV)

We need intense short-pulse MeV
gamma-rays (ERL)
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Application: 3

Detector development, calibration
(X-ray line sensor for Homeland security)
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~\ X-ray line sensor

CWO; 2 mm in thickness, pitch 2.2 mm,
(IHI Corporation)

’ 256 channel per module
Scintillator stack

X-ray line sensor

-~y

Cargo container/trailer

X-ray source
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Application: 4

Nuclear and Astrophysics studies
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(v,y), (v,n), (y,p or d) etc.
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Summary

 Basics: 1
— Measurement of photon flux of pulsed gamma-rays
» Basics: 2
— Beam life time and photon yield
 Basics: 3
— Beam source size
*  Source development: 1
— Multi-pass laser-Compton scattering
*  Source development: 2
— Long-Axis Fabry-Perot Cavity
*  Source development: 3
— W-band (95 GHz) Electromagnetic-wave Undulator
*  Application: 1
— Electron-beam energy measurement in the storage ring
*  Application: 2
— High-energy Gamma-ray CT
*  Application: 3
— Radiation detector development, calibration
(X-ray line sensor for Homeland security)
*  Application: 4
— Nuclear and Astrophysics studies
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@ AIST National Institute of Advanced Industrial Science and Technology (AIST)

International collaboration of laser-Compton photon
facilities and users will be beneficial to all of us.

Hopefully, we can make loose but friendly partnership.

Keywords:

eShort term:
Short-pulse, high-intensity, small and compact

*Middle term:
Utility, stability, running cost

*[L.ong term:
Unigueness, robustness, simplicity




