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Electron-Tracking Compton Camera (ETCC)

UTPC (Time Projection Chamber)
--- 3D track and energy of
Compton-recoil electron

Scintillation camera
--- position and energy of
scattered gamma ray

Scintillator

- Determination of direction and
energy of each incident gamma ray
- Large FOV ( ~ 3 sr)
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uTPC (Time Projection Chamber)
for 3D electron track

GEM (Gas Electron Multiplier) (F. Sauli (1997))

y' y

Drift plane + UPIC (micro Pixel Chamber) < 2D readout
~Electric micro pattern gaseous detector
electron fleld . 2D readout + Drift time — 3D track
cloud

Prototype uTPC size : 10 X 10 X 10 cm?

Gas : Ar/C,H, (90:10) at 1 atm, sealed

Position resolution : ~ 150 um (1D)

Stable gas gain : ~ 30000 (uPIC : ~ 3000, GEM : ~ 10)
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GSO and LaBr, Scintillation Cameras

* Number of pixels: 576 S
e Pixel size 6X6X13 mm3 (GSO)

6 %6 %15 or 20 mm?3 (LaBr,)
* GSO Energy resolution :10.0 % (@662keV, FWHM)
 LaBr; Energy resolution: 6.5% (@662keV, FWHM) \
 Position resolution: 6mm -

:GSO
- LaBr3
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MeV gamma-ray camera projects

Advantage point:
wide energy dynamic range (300 — 3000 keV) and wide FOV

(SPECT < 300 keV, PET 511 keV)
1. Multi RI Tracer Imaging
--- The development of new Rl drugs
2. Proton Therapy
--- Real time monitor of prompt gamma rays
to measure Bragg-peak position

Scinti : LaBry

Sub-MeV gamma-ray Imaging Loaded-on-balloon Experiment (SMILE)
1. SMILE-I (2006, launched)
e Operation test of ETCC @35 km Scinti: G50
* Measurement of diffuse cosmic and
atmospheric gamma rays (~ 400 photons) ~ 4 hours

B 2. SMILE-II (2011)
e Observation of Crab Nebula or Cygnus X-1 ~ 3 hours



Examples of Medical Imaging

ETCC for medical use

Porphyrin was accumulated in RGK-36
which is the tumor of rat stomach cancer.

Spatial resolution
~10 mm (FWHM)

Scinti : LaBr,

Energy window : £10%  Activity :0.16 MBq
1004 ~ 1228 keV Time :110.5 hours

Events :173 events 2 sources Imaging

Time : 6 hours




For High Sensitivity

# Increase detection area
e Multi-head camera (10 X 10 X 10 cm?3 X 2,3,...)
e Developing a large size ETCC (30 X 30 X 30 cm?3)

# Improvement of detection efficiency

 Optimization of gas 2 times better
than

 Operation at high pressure
our prototypes



Selection of gas sealed in uTPC
Ar/C,H; (90:10) — CF, gas mixture

~

Merit of CF , gas

¥ Small diffusion — better position resolution (for uTPC)
— better angular resolution (for ETCC)

¥ low Z(C:Z=6, F : Z=9) and 42 electrons in one molecule
— Compton scattering is dominant — higher efficiency (for ETCC)

o 9%

Demerit of CF , gas A

¥ Low gas gain — isoC,H,, gas (penning effect)
¥ High dependence of drift velocity on electric field —>

\_ worse position resolution ? )




y GEM (sciEnergy)

Optlmlze the gas mixture
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Gas
+Ar/C,H, (90 10) Measurement
+Ar B

+-CF, |
+isoC,H,,

. Requirements :
> 1. GasGain High CF, ratio

54 2. Position Resolution [NeRe e EEReN




Gas Gain at 1 atm

~ Penning effect of isoCjH,, ~ | ® Ar/C,H,(90:10)

e Ar/C,H,/CF, (72:8:20)

10°
Ar/C_H,/CF, (63:7:30)

® Ar/C,H,/CF, (54:6:40)
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- Ar/C,H (90:10)
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® Ar/C,H, (90:10) at 1 atm Measurement )

¥ Ar/C,H, (90:10) at 2 atm 1. Gas Gain
® Ar/CF,/isoC,H,, (54:40:6) at 1atm | 2 Drift Velocity

® Ar/CE./isoC.H. - (54:40-6) at 1.4 3. Position Resolution
r/CF,/isoC,H,, (54:40:6) at 1.4 atm \4 ey Resolution/




_Gas Gain

Gas Gailn @  Ar/C,H, (90:10) at 1 atm

[ ] Ar/C,H; (90:10) at 2 atm
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...... ArfCFdfisacde (54:40:6) at 1.4 atm
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e ° T L AﬂCle”sDC‘lin (54:40:5) SimUIatiD‘n
D rlft Ve I OCIty Ar/CF,lisoC H,, (54:40:6) at 1.4 atm

- v  ArCF,lisoCH,, (54:40:6) at 1 atm
- e Ar/C,H,; (90:10) simulation
- O Ar/C,H; (90:10) at 2 atm

? ? 5 Ar/CH, (90:10) at 1 atm
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Ar/C,H (90:
at 1 atm

Position Resolution

0.09

Ar/C2H6
at 2 atm
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Energy Resolution
31 keV X-ray from 133Ba (31 keV)

Ar/C,H, (90:10) at 1 atm Ar/C,H, (90:10) at 2 atm
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Imaging with ETCC
gamma-ray from 133Ba (356 keV, 800 kBq)

ARM : Angular Resolution
Measure

SPD :

Scatter Plane Deviation

Scintillator

/Measurement
1. Efficiency

2. Angular resolution
\_ (ARM and SPD) Y




Efficiency and Angular Resolution (*33Ba 356 keV)

Ar/C,H, (90:10)

Ar/C,H; (90:10) 2atm  3.55 X 10hetterlby 105.1°
Ar/CF,[/isoCH,, (54:40:6) latm 244 X 10 factot!1/94 117.9°

Ar/CF,/isoC,H,, (54:40:6) 1.4 atm @ 11.2° 119.1°
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Ar/CF,/isoC,H,, (54:40:6)
at 1.4 atm
Imaging of 133Ba
15 cm away from top of uTPC



Summary

In order to improve the efficiency of the ETCC, we have
optimized the gas mixture and pressure sealed in the uTPC.

The highest ratio of CF, gas with steady gas gain of ~ 20,000
is Ar/CF,/isoC,H,,(54:40:6).
The diffusion constant of Ar/CF,/isoC,H,,(54:40:6) is

2 times better than that of Ar/C,H, (90:10), so the position
resolution is improved.

The efficiency for the ETCC using Ar/CF,/isoC,H,,(54:40:6)
at 1.4 atm is 2 times higher than that using Ar/C,H, (90:10)
at 1 atm, and those ARMs are comparable (~11° at 356 keV
(FWHM)).



Thank you
for your attention
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