i ;:z Development of an advanced

Compton camera with gaseous TPC
and scintillator

Kyoto University
dept. of physics A.Takada,

K.Hattori, H.Kubo, K.Miuchi, T.Nagayoshi,
H.Nishimura, Y.Okada, R.Orito, H.5ekiya,
A.Takeda, T.Tanimori

» MeV gamma-ray imaging
& Compton imaging
» u-PIC & micro-TPC
» performance of prototype camera
» summary

n‘“Ef‘“”PIC




MeV gamma-ray imaging

for single gamma

sub MeV ~ MeV gamma-ray Imaging for...
¢ MeV gamma-ray Astronomy
# Medical Imaging (SPECT/PET)

¥ Collimator + position-sensitive detector
— SPECT, OS5E(CGRO satellite)

* harrow FOV

» background from collimator

» Energy < 1MeV

» Classical Compton imaging =nge compen
= Compton CT, COMPTEL(CGRO satelhte) "3‘\ -
« only event circle  coso=1-m.* (? —m *.-
» no background rejection I\ ey P
« direction of recoil electron is unknown ST e

— > A new method with a good background rejECtié:'ﬁ"'



Advanced Compton Imaging

MeV -

» micro-TPC (u-PIC)

Drift pl
e PO track and energy
of recoil electron

» Scintillator

position and energy
of scattered gamma
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R econstruct Compton scattering
1-PIC ? _' event by event

incident - . PMTs : :
" Scintillator® 1 photon = direction + energy

recoiled e” i Lal"ge FOU (N3Stl")
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he character and

structure of u-PIC

# 2D readout (~65000pixels)
# Large detection area (10cmx10cm)
# Print Circuit Board technology

4 max gas gain ~16000
@ energy resolution

30% @ 5.9keV (100cm?)
# stable operation for 1000h
fooum @ gas gain ~6000
|_::‘—*~$= good gas gain uniformity
. 4.5% @ 100cm?
# fine position resolution
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Mmicro-TPC

(Time Projection Chamber):
v 10cmx10cm p-PIC

— 2D hit position
v 8cm drift cage (E=0.4kV/cm)
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Electric field
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— drift time
micro-TPC
— 3D position information
Typical tracks Y
Ar 90% C,H; 10% _/ proton  /
gas gain ~5000 & _"ﬂ\ ——(
proton % N
E ~1MeV i% ejectron 7> |
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Prototype Compton camera  [fieeas
memory board | ] __,'I & BT
on VME bus |4 .

| Anger camera

~_Imicro TPC
10x10x8 cm?
Ar +C.H. (9:1)
NaI(Tl) Anger
47x4"«1" 25 PMTs
position resolution
= LA B ~B.7mm (FVHM)
s . gl energy resolution
' ~9%

\ encoder * e (662keV, FWHM)
il (u-PIC) Vo

No Veto or Shield !



Typical event

uPIC8/20031017/per1  Cs137 '-'-';Hl"]:,"ﬁ" 1 top view
track 648-65 9118 iy : source position s [T T
. reconstruted g S O S W S -
25 : : :
2
15
10
E

E,:566.25keV ¥ g0t =304
Ko :126.60 keV Yl g3y

- 8=13.09
E,‘.| : 692.85 keV w=547T ,1:. 309
AS= 2181

: Compton point
: Nal hit

H> %0

ﬂnalug data
L (WENIE

B 3D view

""" front view

: 'F'l I T |!-|-| r!|-|| |-|-|I|r|r! L)

S e e I T

b -
- “
% st
“ .
-1n- " o
W ) -
r —
=




Gamma-ray imaging

track of recoil &
energy and direction of scattered ¥
energy of incident v : known

_:___Ijl__?.
reconstruction

4 Background rejection
@ oo + Measured o

o i, = calculated o from
energy information
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Comparison with the classical Compton method

‘Advanced Compton Meth. Classical Compton Meth.
Using the electron tracks Not using the electron tracks
» complete direction within * only event circle within
__ SECtCII" form error region ring form error region

@ Simply overlay @ Simply overlay
. 2 sources were Hard to separate
< separated clearly

2 sources
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Angular resolution
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T Gain ~s000
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100 1000&nergy [keV]
v ARM (Angular Resolution Measure) 16° @ 662keV PVHM

v S5PD (Scatter Plane Deviation) 34° @ 662keV PWHM
for each gamma-ray




Prospects

» Scintillator
. pixelization(multi-anode PMT), large area
— higher position resolution & efficiency
» micro-TPC : 10cm cube = 30cm cube
—> catch the energy of recoil electrons
higher efficiency
» Gas study

Pixel-type scintillator




summary

v Event by event reconstruction well established
— the principle was proved
v Good background rejection capability
—> higher S/N than that of classical Compton
v’ Prototype performance (for 662keV)

+ ARM(FWHM) 16°
+ SPD(FWHM) 34°

Goal 500keV(FWHM) ARM ~7°  SPD ~20°
1MeV(FWHM) ARM ~5°  SPD ~10°
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- Simply overlay sectors
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u-PIC as an X-ray detector A =73

Gain uniformity(o) 4.5% _ Test chart
R image
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