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Development of Large area Gamma—-ray
Camera with GSO(Ce) Scintillator
Arrays and PSPMTs

H. Nishimura

Cosmic—Ray group, Kyoto University

. The Advanced Compton Camera

. GSO scintillator study

. Large area gamma camera with GSO(Ce) and PSPMT
. Conclusion
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6%2 lhe Advanced Lomptoh camera
with micro—TPC and scintillation

Observation of Callle
Gamma-ray (100 keV-10 MeV) Micro-TPC (gas)
Angular resolution : ~5° Detect 3-D track and energy
Field of View: ~4str of recoiled electron.
MeV P4 =Tomorrow Hattori’ talk
puitplanel” o intillation cameic

Detect direction and energy
of scattered gamma-ray

] [ . Position resolution

=2 - Energy resolution

| - Large area

"' - high stopping power

- radiation hardness

Perfect reconstruction of Compton event !!
PMTs

Scintillator
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dDcintillator fTor Gamma

(1. Ao A
Density | Absorption | Decay time | Light Hydroscopic | Radiation
(g/cm?3 | coefficient |constant output Hardness
) (cm-) (ns) (Relative)
Nal(TI) 3.67 0.34 230 1 Strong | very weak
o
CsI(Tl) [C\2°7.53 0.44 1050 0.85 Weak | very weak
BGO 7.13 0.92 300 | 0.07-0.12 NoO weak
large
LSO 7.4 0.87 40| 0.4-0.75 No | strong
large fast
YSO 4.45 0.38 40| 0.3-0.45 No strong
fast
CWO 7.9 0.92 5000 0.3-0.4 No weak
large
GSO 6.71 0.70 ~60 0.18 No very
large fast strong
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R Factors of GSO(Ce)Pixel

1,Size :
the pitch of photo device =area of bottom = 6 X 6mm?

absorption coefficient =Height =13mm
=6 X6 X1Bmm3

2,Surface polishing "TXed!
-[chemical etching or mechanical polishing
3,Concentation of Ce What fis best?

- [0.5 mol% or 1.0 mol%
Ce colors crystal and decrease the transmittance

4,Zr-doped
- [doped or not

Zr makes crystal not to be colored Measured these factors
Next =
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Measurement of sample pixel

5 10 © oot et A v s
S 0s o reflector : Goatex
s \ ooeee, | PMT:R6231 (HPK)
: [| ooz cvanmc PreAmp:time constant 6 u s
Eas_ o ShaperAmp:time constant 1 u s
h 8t 6X6X13 pixel
2rs A Ingot A Ce 0.5mol%
UM FOVPL FOVPL VL OOV OO OO OO O 00 @ ingot A (mechanical etching)
65 07 075 08 085 09 095 1 105 11 115 .
light output (a.u. * ingot B Ce 0.5mo0l%
No significant relation Ml ingot C Ce 0.5mol%
performance of crystal Ingot D Ce 0.5mol%+2r(200ppm)
&polish,dopant(Ce,Zr) ingot E Ce 1mol%+Zr (200ppm)
In case of 6 X6X13 pixel 4X6X20 pixel
R Ingot F Ce 1mol%
Ce 0.5mol% non-Zr A ingot G Ce 1mol%+Zr(200ppm)

chemical etching
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Cr> Construct Pixel Scintillator

r aYa} Folcjswritt?n, by LASER

- Pixel Size 6X6X13 mnj?3 NRTREAREE~
- Ce 0.5mol% K g\éz;l#,le?yer
- Chemical etching b) HHIHHIU] Mirror)
-« 8X8 pixels ~5cm
- Reflector : ESR (3 M) &)
- "
o o o | T GSOcrysta
[ —— Bottom ESR

e -
e RN
LT 1Y
oo mERE
. ] ]
T ] Y

Side ESR
]

Bao-OCm 1 B
A GSO array with 64 pixel ~ ~cParate B3R w H Hf g:;;?;quare

(Naoko Inadama et al.IEEE NSS & MIC,M6-27,2002)
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PSPMT (Hamamatsu H8500)

/ FlatPanel PMT H8500  (HPK) \
« 8X8 multi—anodes with 6mm pitch

« 12 stage metal channel dynode

« Gain ~10°

« 52X 52 mm? (Effective are is 49X49 mm?)

« Anode uniformity Min:Max 1:3 in one PMT (Typ.)

Hamamatsu H8500

Effective area of making 10cm? Camera

()
(]
O

B ‘2 ' Max. 89%  Min. 49%
k ' H8500 R7600(old W
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Read out with circult resistive chain

resister=——— ot4ch FlatPanel PMT anodes
Back plane of PMT i

BB BB B B B P

E\
-

NN

",-"l,‘,_
=iy e Lo
1 M&Nmﬁvvmdﬁr Iy
04CN OO OO OB O 1, Y
gl Anode M
PMT +resistive chain d e L5
‘ H Lo s Rn @ @rn @ 2 2 2l r
16¢ch 17 2rp@poBer @ orBr Qv B Ba P 1
Sum Amp W P T T 0V e
x16¢ch X
position calculation /H = I+ )
ShaperAmp Y : mass of center S P
Discriminator - ch divisi — -
> x : charge division Y
&Gate 16ch law > b
16chADC gy = b
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tﬁé%formance of 64 pixel Scintillation camera
with GSO:Ce

[Bh ]

FlatPanelPMT
In flood field of gamma-ray of 13’Cs
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energy resolution
9.8% @662keV(FWHM)
10%(Typ.)
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QQ 16cm X 16¢cm scintillation camera
with 9 flat-panel PMTs

1)Put 3 of 5 cm unit on

3)Put 3 sets of 3 PMTs in box
like this.

2)Connect 24 anodes
with resistive chain over 3 PMTs

92ch scintillation camera with 3 PMTs
bdch FlatPanel PMT e node

BN i i ~
lee'ee 00 H .0,00000 (0000000 -/ | ®16cm Scintillation Camera
im“’” Iy i ﬁg ®cffective area ~80 %
YA . ; £|f | €6 mn 576 pixel

kS 0.9, 2.9 o N €48 ch readout by resistive

11a 11l
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% Performance of thel6cm scintillation

In field flood of radiation of 37Cs (662keV)
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Energy resolution and

The gain map: light out put at each pixel
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dynamic range
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R Now constructing

Scintillation camera for 10cm TPC Scintillation camera
kS e for 30cm TPC

% | IR
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3mm pitch scintillation camera
e 3mm pixel scintillator array+H8500
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R Summary

- Scintillation camera for advanced compton camera

« Study of Pixelated GSO scintillator
with size of 6 X6X13 mm?

» Large area scintillation camera with size of
160 X 160mm?

(G SO pixel scintillator array and H8500 with 6mm pitch anodes)
—Image of 576 Pixel are resolved clearly ~6mm pitch
—energy resolution 9~13% @662keV (FWHM) Typ. 10. 5%
—Dynamic range from 100keV to IMeV (Typ.)

* Now developing

—Expanding to large area.
—3mm Pixel GSO + H8500 — position resolved

energy resolution @662keV (FWHM) Typ. 12%

Position Sensitive Detectors 7th conference
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FlatPanelPMT H9500 (HPK)
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[hoseimap ] 137Cs (662keV) 41 PR &
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GSO vs Csl(TI)
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R .
Monte Carlo study with Geant4
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R Monte Carlo study with Geant4
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VAZ FH\ 7=64ch read out
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