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S

Mechanism | DOI (Depth of Interaction)
- 18F-FDG emitting positron (e+)

- e+e- annihilation 2y
- Stacking the linaes
- Imaging 3D distribution of source

Limit of response width make narrow

So that, high spatial resolution would be

Application achieved at edge with DOI

- search of censer
- study of brain science... 4
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Study Purpose

1. Readout of DOI with sub mm resolution
using narrow size WLS fibers

2. Development of new PET which has
higher performance and Lower cost

\

~ 0.5 mm resolution of DOI ~$ 1 million
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Y Characteristic
1. using WLSF

2. using scint. Plate

3. readout by MPPC

WLSF: readout XY information

Scintillator: Z information and Energy

Photo-device: MPPC®

Total system stacking this layers

Merit

1. resolution depending on fiber size
2. reducible cost of possessing crystal
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Crystals for your future

GAGG

(Gd,Al,Ga,0,,(Ce)) itc H Crystals and

{~> Applications

| Product Information

&= Light output ~56,000
L:l_ [photons/MeV]
% Energy resolution 5-6
E (662 keV, FWHM) [%)]
Decay time [ns] 92ns(86%),
174ns(14%)
B 450 5{110 5(')0 7(;0 8(|)0
300 s
wavelongihi/ nmn Emission wavelength 520
[nm]
Fig.2: Radioluminescence spectra of GAGG :
excited by X-ray, CuKc, 30mA, 40mV Density [g/cm?] 6.63

Fig.1: Photograph of 3-inch-diameter GAGG scintillator.
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uter Cladding (FP)

nner Cladding
MA)

Core(PS)

T0
— 11

L T

QiL =LMElIX0.5p.e. T 5

Material index density [g/ cm?]
Core PS n=1.59 1.05 < ) >
Cladding inner PMMA n=1.49 1.19
outer FP n=1.42 143
Cladding Thickness: T = 3% (TO) + 3% (T1)
: =6% of D
Peak absorption wavelength 550 nm Numerical Aperture: NA = 0.72
Peak emission wavelength 600 nm Trapping Efficiency: 5.4%
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5ch % Och
6ch % 1ch
7ch % 2ch
3ch

8ch
4ch

9ch

10
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5ch Och
6ch 1ch
7ch 2ch
;;;;;;;;55’ 3ch

8ch

10 MPPCs allow readout 25 strips. Ach
och Z >> reducible number of MPPCs: n — 2sqrt(n)
C

11
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PMT2

GAGG: (10 x 10) x 2 mm3
n
WLSF(R-3)

M PMT1
GSO: (26 x 48) x 2.4 mm3
Pb Shie

! W , & collin

PMT3 WLSF(R-3) q&im SN PvTL
Iy GSO f 8

I GAGG+PMT2 12
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(ade_c[1]-117.4)*2.5e6/1.6/gain(1):(adc_c[2]-97.4)"2.5e6/1.6/gain(2)

Fiber Layers v.s. mean num. p.e. GAGGE Entries 4056
PMT3 p.e. DOI-PET/ WLSF with GAGG PMTogme __________________ __________________ ................. .................. .................. ............ ﬂﬁ:ﬁi 121523

- RMS x 6.46
- : RMS y 94.09
14 600— s b s o e . oo o9

5

12 = :
k= 500 —ns .................. B L ................. .................. .. .................. . ..................

10 E : : : : : : : : :
. 400 e N ol ™ R T —

10

mean num. p.e.

- e N — = - — e T— SR S—

o N B~ O
TTTT

EOD__ ................................................................................................................................................................................... ‘I

ol A

0 1 2 3 4 5 - _ @WLSF:4layers
O:I_I_- 11 1 | | I - | 11 1 1 | 11 1 1 | L1 1 | | 11 1 | 11 1 1 | 11 1 1 | 11 | Ii
0 5 10 15 20 25 30 35 40 45

PMT3 p.e.
WLSF#%H

@saturated Np.e. beginning 3 layers.

@®Relation of PMT2 & 3 is obtained 1/20 @ 4 layers.

@Collection efficiency is 0.1 at both readout.

@®Np.e. over the 5 p.e. is enough for pos. readout. Therefore, the 1 layer
allows readout DOI.
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setup2

2 mm step
PMT2

GAGG
WLSF(R_3 ecccc000

&

Collimator 2

Collimator 1

v

GSO: (26 x 48) x 2.4 mm3

Collimator 2: ¢ 2 mm
Collimator 1: ¢ 5 mm

14
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Reconstruction Method

' 3ch ' 2ch ! 1ch
e
: | | | i | i >
2 . 0 2
'9ch '8ch' 7ch ! 6¢h ! 5¢ch
: : : : : : Rec_l:
T L L S
. -08:-04! 0 ! 0408

X1 =Z(qi* di *(2 - i))/ Zqi '
@i=0-4,di=2mm
X2 =2(q" dj* (7 -])) 2q
@j=5-9,dj=0.4 mm
X =X1+ X2
Qi threshold = 0.5p.e.
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incidence position v.s. reconstruction position incidence position - reconstruction position
— 8 . = : : : : : Entries 490
E - Mean -1.389
G g : : : : RMS 3.344
g °C 4 Integral 452
g [ %2/ ndf 24.95/24
e Bl N Ol . s PO 19415
- p1 -1.882 +0.304
2 p2 4.439 + 0.346
- Il 'l T "I . o 03 38.34 + 817
r p4 -1.818 +0.082
C': i N N [ [ —3 0.2549 + 0.0552
2 HEE N I e |
o O - n .
I T
T e e e B e e e e e N
rec. pos. [mm] inc. pos. - rec. pos. [mm]

@ Relation between inc. and rec. pos. is oibtained.

@ inc. —rec. pos. distribution achieved pos. of DOI with
resolution 0.65 mm FWHM (o ~ 0.255 mm).

@® S/N =p3/p0 ~2.0

16
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@®\\Ve have developing new PET detector using WLSF.

@ This characteristic is using GAGG, WLSF with long
wavelength and MPPCs.

@® Experimental DOI resolution has achieved 0.65
mm (FWHM).
@ DGAGG =2 mm, @col =2 mm, Ax =
2 mm,WR-3=0.4 mm.

@ Next plan has estimation of 3-D resolution, energy
resolution and_timing resolution.
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Backup

18
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Ry FMZIHEHTPETEENSD ?

@GAGG: 300 x 300 x 4 mm3 (X 6) X6
~ ¥6,00085

OMPPC: & AImEIZ(16 x 4E) x 6 x 6

WLSF#%#t 80f& x 2 x 6
~ 35001&
MPPC+&&H L [B]E& ¥8000/ch

~ ¥2800A8

Q®WLSF: 30cm x 1500 x 2 X 6 X 6
~50 km
¥ 37/A/12.5km
~ ¥ 15058

iF ¥9,00058LF

B RHAPETV R T LA

19
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Entries 1254
Mean 104.2
RMS 97.49
Integral 1240

12/ ndf 16.71/17
Constant 13.9+1.4
Mean 253 +3.2
Slgma 33 15+4.35

_________________________________________ (E==o N N

S o OO SOOI WP MRS S0 AU WO NN e

[ | 1111 ] 1111 | 1111 ] 111 1 [ I .| | 1 11 1 ] 1111 | | I I | ] 1 1
0 50 100 150 _ 200 250 800 350 400

p.e.
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EEREERIXFFE{E & Consistent?

GAGGMFHE - N=57,000 ph/MeV - ;
22Na gamma-ray E=0.511 MeV WS
SIRf : 0=0.036 n2=193 ] 4=5 mm
=2FIIE  £~0.25 « .
Nbe —NE*Oe FER4E R & consistent d*tan© Sin©=1./1.93
o Nexp= 253+33 p.e. Q = (1-cosO)/2
~ 262 p.e. \ _0.07

WLSFTOULERIZE 1 0%I(E?

€col=Etrap(A1)€ans(A)Ew (A1 5 A2)€pyr(A2)/Epyr(AT)

cZ v EYT$Ee (M) ~0.054
774 /8—Q.E. £, (M)
BHEILTE ¢, (M ; A2)

PMT F1Q.E. g51(A)

M: DUFHRE

A2 BRORE
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FERALEZPMTIE?

TPASE0A14EA

R9880UY 1) —X -

I ROEB0U-Z10
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HAMAMATSU

PHOTON IS OUR BUSINESS
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FHL=MPPCIZ?

512572-100C/IP (Mop=\BR + 1.4 V)

(M=1.25 x 10%)

—=JE &
50 (Typ. Ta=25 °C)

40

17N
{ \

ol N

300 400 500 600 700 80O %00

R (%)

B (nm)

HAMAMATSU

PHOTON IS OUR BUSINESS
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MPPCO&FH LIE?

EASIROCE Y 2—)L
64ch ADC + HV
305 H
Based on NIM

Developed by KEK

C
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