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Science of quantum beam imaging (using the technology of

elementary particle experiments to probe matter and living systems)

Introduction of Small pulsed Neutron Source in Dept. of Physics
2010 by supplementary budget
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Gamma Ray Medical Imaging
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Low energy gamma RI (<300keV,*mTc:143keV):

. 1 1
cosp = 1—mec* (E — m) Agp AE/E (E=E1+ E2)




Electron Tracking Compton Camera (ETCC)
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Determination of each gamma direction ;
useful for Noise red. & Clear Imaging
Noise Reduction by Kinematics(a)+dE/dx
Large FoV ~3str(good for monitoring)

low dose
Modular structure

no use of electron track a
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SMILE-IT in the North Pole (2013~)

Terrestrial y-ray bursts due to Relativistic Electron Precipitation (REP)
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TCC for Molecular Imaging

based on first balloon detector technology

Mobile ETCC for small and middle animals
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Observation Time: a few MBg tumor of mouse -> ~2hrs
Pos. Res.: 8-5mm (FWHM:10cm -5cm front of ETCC)
Energy range: 150keV-2000keV

Field of View: 20x20cm@10cm front of ETCC
Uniformity Re-productivity ~10%
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2F A A— %7 Molecular Imaging

TEHRTRE DTLREEN,. RHNLEGRELZENDDPFLARIILTIRA THEBIE] (Radiology, 219 (2001).)
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Features of ETCC to Molecular Imaging &

Nuclear Medicine

1. Wide Energy Band 200keV ~ 2000 keV

2. New type of Tracers using RI with its decay time
similar to biological decay time;
visualizations of immunity (%) and enzyme (E23%)
(FDG for visualization of metabolism)

3. Multi RI Tracer Image *"Tc +'8F —> New Modality

4. Visualization of beam Therapy, Neutron Therapy, &
Therapy using B-emitter biomarker

5. 3D imaging from one directional observation for
operation supporting



Variety of RI applications in ETCC

Ce- Cr- Ba- I- Au- Na- F- Cu- Cs- Mn-54 Fe- Zn-65 Co- 60
139 51 133 131 198 22 18 64 137 59

Energy 167 320 354 364 410 511, 511 511 662 835 1095, 1116 1173,
[keV] 1275 1292 1333

Life 1376 277 10.52y 8.01 2.6 2609 109.8 1270 30.04 3121 445 244 5.271
day day ear day day Year min hour year day day day year

Energy dynamic range : 167 - 1333 keV.
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ETcc/cT (Duble Tracer) B {RAREA AU Zn-65-Porphyrin
|'1 31 -M | BG Thyroid Cal.source

MRMT1 : PC12 grant # Ba. 335keV
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3D image from fixed directional observation
ETCC only can obtain 3D image by fixed Directional observation

F18-FDGi in
mouse tumor
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On-time imaging approach for beam therapy
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Proton Therapy Beam-on Imaging @RCNP

Kurosawa et al. (2012)
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Center from 2012
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Improvement for practical use in 2013

Observation time for mouse
2 hours-> 10-20min.

Improvement points
1. Efficient e-tracking (x10)

( 3atm, CF,) (x>20)

Total ~ >100 times faster
& Multi-head (3-6 heads)

2. Mew readout of Sci. Pixel ( x 3)
3. High Pressure and new gas
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Pulsed Neutron

+ Thermal Neutron (~meV)
Transparent for heavy material,

+ Pulsed -> Time of Flight (TOF)

-> Energy resolved

Material Analysis

(Structure, strain etc.)

1 nuclear resonance->Identification

of chemical element

2. Bragg edge

3. Small Angle Scattering
4. Spin analysis (Magnetic features

Element
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TOF Thermal Neutron imaging detector

TPC measures 3D track of proton-triton pair. 5 3 764 keV
Alumi Aluminum drift h+°He — P+ Guetgy.
HMIAUM = plane (thickness = Drift Neutron friton release.

vessel

3He Track length

pr\of ~1 cm.

Fosition

Gas gain ~500: Ar-C,H;-3He (up to 2 atm )

Timing Resolution of ~lusec. (drift height 5cm)

uPIC i
Threshold |
i ASD
0 1
H=7"""! Time-above-threshold (TOT) Simultaneous measurement of position

\(OC energy dep.) and energy deposition at high rates.



Spatial resolution & Gamma Rejection

Measured TOT distribution
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Sensitivity of order 1012 or less can
be achieved at reduced gain without

loss of neutron efficiency.

Position from mid—point
of track.

Resolution: ~“1mm(o )

Bin size: 80 um X 80 pm.

Resolution with PID:
A\
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Preliminary

Improvements of Spatial res. (Simulation)
*Reducing gain variation (5~10%) and
*Reducing uniformity by 15~30%.
*pixel pitch reduced to ~200um

Resolution after diffusion arfi’:(/}ggin variation
. ) 3,
improvements: 80~90um. 7

Plus increased pixel pitch: < 70um.




Resonance absorption:
Ag-In-Cd alloy
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Image of ASTM indicator

Image taken with pPIC (100 pm bins)

IMulC @M * Exposure: 3 hrs.
* No TOF gate.

% 120 kcps.

* Live time: 14%.

Plate thickness: 3 mm.
Exposure: 2 hrs.

TOF gate: 0 — 3 ms.
Neutron rate: ~10 kcps.

DAQ live time: 70%.

Ag-In-Cd alloy
c
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Data taken at NOBORU in March 2012.




Neutron resonance absorption

Exposure: 5

(" hrs ~
Rate: ~10 * Measurement of neutron TOF
kcpsl allows selective imaging of

L nuclides via resonance absorption.
\_ Live time: J

<~ External TOF | * Good time resolution is essential.

gate applied
| (0 -2.2ms) JEEliaEs e R )
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Data taken at NOBORU in March 2012.




Resonance absorption with CT

% 16 angles: 0° to 90° by 10° steps, 0°
to -90° by 15° steps.

% 45770 min/angle (11717 X 108
neutrons/angle).

Resonance CT sample Exposure: 20 hrs
Rate: ~350 kcps

Neutron Live time: 50%

External TOF % No sample 2.5 hours (38 X 108 neutrons).

gate (0 — 2ms)

| S
2D image at 90 Reconstructed CT images
— Filtered back—projection method
Area used SREh .
— Neutron TOF cuts for selective imaging
for CT.
()]
(2]
3
TOF for 0.2mm X slices - : ;
X# X (mm) 3 o )
Cu <= g Tomieaaee  Oms = 45, TOF 155.57159.0us
Mo W((. t
Ag €-

Data taken at NOBORU in December 2012.




Bragg—edge

Katana fragment
(15th or 16t century)

Preliminary

Region used for
Bragg—edge study

transmission

TOF projection for
one slice

TOF (ms)

O R R
TOF (ms)
Edges (jumps) occur when
Bragg condition can no
longer be satisfied:

A

d= = d—-spacing from
2 wavelength

* Bragg—edge positions related to crystal
spacing perpendicular to beam.

% Measured edge positions show some
difference between crystal structure of cutting

edge and spine.

Data taken at Hokkaido University in February 2012.
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System upgrade

Requirements for practical use in J-PARC
#* Increased data rate: x4 or more expected.

#* Compact system—> new Electronics system

Current DAQ Amplifier—shaper—
discriminators

l// 7

Output through single
FPGA limits DAQ rate to
10712MHz ("200kcps)

New encoder module

S 118mm X 220mm

Neutron event
measured with new

encoder

i Peak for
':gfon— proton and
aso] triton in TOT
JFDL
4402

GJ JEDZ

= ;

= ™ Anode

Strip No.

New system 30x30x40cm detector box + VME
at least 4times DAQ rate (2012)

VME-> Ethernet ~10times DAQ rate (2013)




Neutron Therapy with Boron-10

. : : PET Image of
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1. ETCC provides unique approaches in medical science;
Multi Tracer , micro dosing with new RI, 3D imaging diagnosis,
and on time imaging of beam therapy

2. High through-put modular ETCC will be operated under the
collaboration with CANON in 2013
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Innovative Techno-Hub for Integrated Medical Bio-imaging

3. ETCC also is soon introduced into the field monitoring in
Fukushima-accident by HORIBA (JST program)

4. TOF neutron imaging detector has both a good timing and spatial
resolution of 1us and 100um, and provides a new imaging approach
to material and life science.

5. TOF neutron imaging detectors will be available in J-PARC soon.


http://ckpj.t.kyoto-u.ac.jp/
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