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Electron-Tracking Compton Camera (ETCC)

MUTPC (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
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uTPC (Time Projection Chamber)
for 3D electron track

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

. Drift plane y + MPIC (micro PIxel Chamber) «— 2D readout
Z =2 _Electric micro pattern gaseous detector
electron field .. 2D readout + Drift time — 3D track

Prototype uTPC size : 10x10%10 cm3

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

Position resolution : ~ 150 um (1D)

Stable gas gain : ~ 30000 (uPIC : ~ 3000, GEM : ~ 10)

400 um pitch

cathode

anode



GSO and LaBr, Scintillation Cameras

)

B
* Number of pixels: 576 B
 Pixel size  6x6x13 mm3 (GSO)

6x6x15 or 20 mm3 (LaBr,)

« GSO Energy resolution :10.0 % (@662keV, FWHM)
» LaBr; Energy resolution: 6.5% (@662keV, FWHM) \
* Position resolution: 6mm -

:GSO
: LaBr3

07250 300 350 400 450
Energy [keV]



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 : LaBr,

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

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

Scinti : GSO



Examples of Medical Imaging

ETCC for medical use

Porphyrin was accumulated in RGK-36

which is the tumor of rat stomach cancer. Jcm

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
* Multi-head camera (10%10%10 cm3x%2,3,...)
* Developing a large size ETCC (30%30%30 cm?3)

# Improvement of detection efficiency

e 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)

Demerit of CF , gas

3 Low gas gain — isoC,H,, gas (penning effect)

2

High dependence of drift velocity on electric field —

nosition resolution ?




Optimize the gas mixture

& T A —

Measurement Requ ;
. equirements .
1. Gas Gain . :
N . High CF, ratio
2. Position Resolution [eSaei o




Gas Gain at 1 atm

~ Penning effect of isoC,H;; ~ | ® Ar/C;H;(90:10)
10° | | | ® Ar/C,H/JCF, (72:8:20)
Ar/C_H//CF, (63:7:30)

® Ar/C,H,/CF, (54:6:40)

. Gas Gain

.............................................................................................................................................
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® Ar/C,H, (90:10) at 1 atm Measurement

® Ar/C,H, (90:10) at 2 atm 1. GasGain

® Ar/CF,/isoC,H., (54:40:6) at 1 atm Drift Velocity
¥ Ar/CF,/isoC,H,, (54:40:6) at 1.4 atm

2
3. Position Resolution
4. Energy Resolution



_Gas Gain

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

I S S S [] Ar/C,H; (90:10) at 2 atm
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...... ArfCFdfisacde (54:40:6) at 1.4 atm
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. : - AF/GF ,fisoC,H,, (54:40:6) simulation
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Ar/C,H (90:
at 1 atm

c =378 um, D = 147 um/cm?/2

Position Resolution

0.09F

Ar/CZHG (90:10)
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)

25 s .. ARM : Angular Resolution
& -9 Drift plane Measure
% SPD :
Scatter Plane Deviation

Measurement
1. Efficiency

2. Angular resolution
(ARM and SPD)




Efficiency and Angular Resolution (*33Ba 356 keV)

Ar/C,H, (90:10)

Ar/C,Hg (90:10) 2 atm 3.55%10"pet e@%v 105.1°

Ar/CF,[isoCH,, (54:40:6) 1latm  2.44x10°fqc F1.94 117.9°
Ar/CF,/isoC,H,, (54:40:6) 1.4 atm
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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



V/s. Conventional Compton Camera

‘Advanced ‘ Conventional ‘

Measure _ DO NOT measure

the 3-D track of a Recoil electron the track of a Recoil electron
eReconstruction : point eReconstruction : circle
eDirection error region: arc eDirection error region : donut
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Position-Sensitive Scintillation Camera

GSO(Ce) 8x8 pixels
Pixel size: 6x6x13mm?3

Multi-anode
Photo Multiplier Tube (PMT)
HPK H8500 8x8 anodes

Dynamic energy range: 0.08 -1 MeV
Eng. Resolution: 10.5 % @662 keV
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Assembly of La Br3(Ce) array

Using our technique, Eo.sf— 133Ba GSO monolithic
we assembled an 8x8 array. & ¥ LaBr; monolithic
S04 W AE/E = 4.120.1 %

o
)

@ 356 keV (FWHM)

07250 300 350 400 450
Energy [keV]

< ou
> . S50
6.1 mm pitch % \\ . array
(=multi-anode PMT < g
] 5 10 ~ .- -
H8500 anode pitch) o g ImCAlg. p=
1. x ? ~ PrVyesn g \+\\
54mm g s alrdy S,
' 80100 200 300 1000
Energy [keV]

SO FWHM (%)=
LaBr; : hygroscopic (10.4+0.3)x(E/662keV)0-21+0.01

Hermet K LaBr, FWHM(%)=
‘ ermetic package (5.7+0.4) x(E/662keV)-0-03%0.01




Angular resolution (FWHM) [degree]

Angular Res. Simulation including pTPC

201
18 Sci. Eng. Res. ETCC. Angular
16— @662keV Res. @662keV(FWHM)
14:_ 105 o/o 4.20 f
12" 7% 3.1°
10: \ - 5% 2.3°
8- \\\\& S =
= N
4: \\\\'Ex
2: ""—-.\\-___""‘-——
200/ 400 600 800 1000 1200 1400

Incident Gamma-ray Energy [keV]
Doppler broadening (Ar)

Zoglauer et al. (2003)

Eng. Res. (FWHM) of LaBr;(Ce) :

~3 % @ 662 keV
Loef et al. (2001)

Incident vy
A@ Angular resolution

Scattering

angle ¢ o
Scattered’y & }F;egﬁgre
E : energy ' 9y

Calculated assuming
1, no error in position of
Compton point

2, energy Res. of TPC
: 30 % @ 22 keV



Energy Dynamic Range

Measured sources

Ce- Cr- Ba- Au- Cu- Cs- Co-
139 |51 133 131 198 18 64 137 60

Ener 167 320 354 364 412 511, 511 511 662 835 1095, 1116 1173,
1275 1292 1333

[keV]

D . A

SPECT PET

Energy dynamic range : 167 — 1333 keV.

26



Spatial Resolution

—40

» PET ' '
Y Comptcm camera (Real GSG))

30

20

0 200 400 600 800 00
Energy [keV]

Goal : Same resolution as human PET @ 511keV

Spatial resolution(FWHM) [mm

27



1-131-MIBG & F-18-FDG imaging
(365 & 511 keV)

Dept. of Bioanalysis, Kyoto University
H. Kimura, H. Amano and H. Saji

Scinti : LaBry

6cm

Rainbow : PET Rainbow : 511keV
Orange : SPECT Orange . 365keV



ZNn-65 mouse imaging

Mouse Zn-65 imaging

Energy :1116keV o
activity :1.4MBq
obs. time : 2784 min o
Events :629 events 0265 abo a0 a5 Toa0 . 1900

Energy [keV]

Zn is a good tracer for diabetes

3x3 LaBr, Install to
10cm-ETCC

Measurement after
dissection

Liver :0.04 MBq
Spleen :0.02
Pancreas:0.02
Heart :0.02
Stomach : 0.01
Kidney :0.00
Intestinal:0.11
Brain :0.02
Other :0.79

BG :0.03




CF,/isoC,4H,, (95:5)

CF,/isoC,H,,(90:10)

CF,/isoC,H, (80:20)

arschangingAna

Ar/CF,/isoC,H,, (74:20:6)

~Ar/C,H, (90:TOR_
6(90:10) base

Ar/C,H./CF,/isoC,H,, (69.3:7.7:20:3

Ar/CF,/isoC,H,, (54:40:6)

Ar/CF,/isoC,H,,(73:20:7) Ar/CF,/isoC,H,, (53:40:7)

Ar/C,H,/CF, (63:7:30) Ar/CF,/isoC4H,, (72:20:8) Ar/CF,/isoC4H,, (52:40:8)

Ar/C,H,/CF, (54:6:40) Ar/CF,/isoC,H, (73:25:2) Ar/CF,/isoC,H,, (49:45:6)

Ar/C,H/CF, (45:5:50) Ar/CF,/isoC,H,, (72:25:3) Ar/CF,/isoC,H,, (47:50:3)

Ar/CF,/isoC,H,, (71:25:4) Ar/CF,/isoC,H, (46:50:4)
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Ar/CF,/isoC,H,, (70:25:5) Ar/CF,/isoC,H,, (45:50:5

Ar/CF,/isoC,H,, (95:3:2) Ar/CF,/isoC,H,, (69:25:6)

Ar/isoC,H, (90:10) AW/CF,/isoC,H,, (67:30:3)

Ar/CF, (90:10) Ar/CFlsoC,H,, (66:30:4)

Ar/CF, (80:20) Ar/CF,/isoC,Ft,



u-PIC: 2-D gaseous detector

400um pitch

Size:10cm x 10 cm
d | 0]0]| Pixel pitch: 400 pum
i IOIO ~ 65,000 pixels
\ \ Gas gain: < ~6,000
anode cathode  (stable operation of
more than 1 month)

340 4 m

260 4 m
J0Um.

<« |
-

% S— 10 (o E—

91

polyimide




u-PIC : gain and Energy spectrum
We filled with Ar(90%) + C,H4(10%) gas at 1atm
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X-ray imaging with pu-PIC

4 . )
AMP-Discri. Board
Based on a chip for
ATLAS Thin Gap Chamber
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Proton Therapy

Attack on Cancerous cells

Monitoring
Before treatment:

jonization chamber
After treatment:

PET technique
(PET: positron emission tomography)

Real time : none
ETCC :

> ability to detect Prompt gamma

rays as the monitor
»Wide energy range (0.1-10 MeV)

» Rejection of Neutron
»Wide field of view (~3 str.)

Relative Dose

1_
- 150MeV
0'8; proton
0.6f
0.4;
0.2
; i

%50 100 150 200 250 300
Depth in Tissue (water) [mm]

Simulation

Gamma rays

1 2 3 4 5 6 7 8
Energy[MeV]



We are developing a monitor for
Proton Therapy

] J

& ETCC
(10cm)3 TPC

160 MV Protd
v a /

¥ 7

Water - A 3¢
Phantom ol 288 - "G i/ collaborator :
v i Y ¥ J. Kim

J@N (Research Institute
and Hospital,
National Cancer
Center, Korea)

Experiment in Osaka Univ. Research Center for Nuclear Physics (RCNP)




Sensitivity in X / Gamma-ray Astronomy

il Compton Pair Creation
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Energy spectrum

diffuse cosmic y rays atmospheric y rays

3107 =10° |
r Lg Previous results = Previous results
E10° aw 310+
gm-S £10° SMILE-1
5 @
N 4, S

B o

107 We detected 420 photons (Total)
L . @0.15-1 MeV, 32-35 km for 4 hours

10 102 10 104 10° 10 102 10 104 10°
[Energy] [Energy]



