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e [~ ) 1z 256-channel flat panel PS-PMT
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Fig. 1 Data acquisition system
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Fig. 2 Setup for NEMA-NU2 2001 scatter phantom
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Fig. 3 Sensitivity for 70-cm NEMA phantom as a function of Fig. 4 System sensitivity for point source with different LLDs.
crystal length. ULD was kept at 600 keV.
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Fi 82 keps @ 8.7 kBg/ml, 56 keps @ 7.6 kBg/ml Tdh 5, B —72 NECR OfEIZM D —fRA 7225

EELFRRETHY . KV Activity TO NEC OfEIFMhOERE LV s S X 5,

14 100
& Random L
12 O True+Scatter & 80 0.8 0.4
& True (8] =)
% Scatter g x B
1L
® = o o
@ - & E0 @ g
S o8 = g Ll A =
= L] [ ]
= & = Os * e =
(a5 - =) ; o -
2 U6 LR E T E T o 40 g i
Q - 0 = ] |
04 _—— ?
i = o &+ * * o+ * | 20 a
0.2 o - wowox® o owm s MNECZR
ght J o NECIR
0 4 ;
0 5 10 15 20 0 5 i g =
Activity (kKBag/ml) Activity (kBg/ml)
Fig. 5 Count rate performance for 70-cm NEMA phantom. Fig. 6 NECR for 70-cm NEMA phantom.
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(5) Correction of Inter-Crystal Scatter: An Experiment Validation

Chih Fung LAM *' | /NEmsE *2
*UORETRRE R EHIZERT « oA A=V IR o —, *P R T ERS - e TR

1. Introduction

The jPET-D4 scanner contain crystals that are much smaller in size than conventional scanner, thus inter-crystal
scatter (ICS) causes greater detection error and its effect cannot be ignored. ICS occurs due to Compton scatter in
detector crystals. When a gamma photon is irradiated into a crystal, it scintillates part of the energy into light (first
interaction) and scatters to other crystals where scintillation occurs again. As detected position by Anger-type logic
may locate away from the first interaction position, ICS causes error in position detection and therefore worsens the

image contrast.

2. Method

For Maximum Likelihood Expectation Maximization (ML-EM) image reconstruction, list-mode data is first
histogrammed into g; so that more than one event detected by the same pair of detector crystals is summed. Notation
g; represents total detected counts by i-th crystal pair. Conventionally, ideal system matrix, a; of ML-EM (equation
1) is calculated based on the geometrical arrangement of crystals and gamma-ray’s penetration in the crystals. This
ideal a;; does not include the effect of ICS. Notation n here is the iteration number, and f; is the j-th pixel in object

space.

S g,
n+1: J i -

fj Z%ZZ% jnau (1)
i J

Here, we propose to model a new system matrix that considers ICS effect. Firstly, the ICS probability, ICS,, is
modeled by using the detector block Monte-Carlo simulator [1]. It is a statistical relationship between gamma-ray
first interaction (FI) crystal pair and the detected crystal pair, and is modeled as shown in equation 2. Here, g, ; is the
detected events at -th crystal pair originated from FI at i-th crystal pair; and g;* is the total FI events at i-th crystal
pair. The detected crystal pair may differ from FI crystal pair due to the presence of ICS.

We assumed that ICS is a linear shift-variant operation as shown in equation 3, where g,

represents the
detected events at /-th crystal pair. A linear shift-variant process in g; domain is also equivalent to including detector
response function of neighboring crystals during ML-EM reconstruction with proper weighting function. Thus, we
proposed to model a new system matrix, a;“ by making use of the ICS probability as shown in equation 4. This
results in a more accurate system matrix that includes ICS effect. It is used for image reconstruction as shown in

equation 5 to correct the error caused by ICS.

_ 8

1CS), = o (2); g = 1CS,, ® g/ (3)
S g
Ics ) nl J h q’cs
dy = Z,-ICSM Xa; (4); f/ Zallljcs ;Za};csfjn o (5)
h J
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3. Simulation and experiment

The Monte-Carlo detector block simulator was used to simulate one detector block ring of the jPET-D4. We
evaluated ICS effect by simulating a hotspot phantom. The hotspot phantom shown in Figure 1 was generated. The
phantom has a uniform cylinder background with three hotrods of different diameter. The background cylinder is
195mm in diameter, 46.4mm in depth, and it is placed at the center of FOV. The hotrods are cylinders with diameter
10.0mm, 12.0mm and 16.0mm, being placed at 59mm off-center. Each hotspot has six times the average
radioactivity of the background. As comparison for our proposed method, two types of data were used for image
reconstruction. They were the normal detected data which contains ICS and its equivalent FI data. FI data contains

the ideal interaction position which can only be obtained from the simulator.

Transaxial Axial
hotrod
10.0 mRe) 16.0 mm
[
12.0 mm
<>
195 mm 46.4 mm

Figure 1: Hotspot phantom for simulation.

An experiment was also performed with a hotspot phantom shown in Figure 2. The phantom has a uniform
cylinder background with three hotrods and three coldrods. The background cylinder is 195.0mm in diameter and
186.0mm depth. The hotrods are cylinders with 10.0mm, 12.0mm and 16.0mm in diameter, and were being placed at
59mm off-center of background cylinder. Coldrods are cylinders with 19.5mm, 27.5mm and 39.0mm in diameter.
Hotrods and background contains FDG where each hotspot has six times the average radioactivity of the background.
The coldrods are filled water without radioactivity. The lower energy threshold was set at 300 keV. Random
correction, object scatter correction and attenuation correction were performed before image reconstruction. Object

scatter correction was performed by tail fitting method.

Transaxial Axial
coldrod
39.0 mm
100mm @ PY ?g%"ﬁqm
19.5 mm 27.5 mm
[ ]
12.0 mm
195 mm 186 mm

Figure 2: The experiment phantom has three hotrods and three coldrods.

Detected events from seven crystal rings were utilized, and axial slices were summed into a 2D histogram for

image reconstruction. With this, ICS effect was investigated by 2D image reconstruction. Instead of ML-EM, image
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was reconstructed by using OSEM with 12 subsets for faster convergence. Image sampling was 1mm?.

Contrast recovery coefficient (CRC) of hotspot against normalized standard deviation (NSD) of background is
used for evaluation. CRC for hotspot is defined as shown in equation 6, where < > represents the mean value. NSD
is calculated as defined in equation 7 with SD represents standard deviation. NSD indicates the noise level of

background region of interest (ROI) at each of the iteration.

CRC = < hot > — < background > (6): NSD < SD( background ) (7)
< background > < background >

CRC is chosen as a figure of merit because it indicates the detectability of tracer in actual applications, for
example the ability to identify a tumor in FDG scans. As OSEM iteration increases, image noise increases as
reconstructed image gets closer to the desired solution. Thus, CRC is plotted against NSD as we would like to
compare CRC of the proposed method at various NSD value. ROI definition can be found at Figure 3. ROI for
10.0mm hotspot is 8.0mm in diameter. ROI for background is 171mm in diameter and is taken by excluding hotspot

and coldspot areas as shown in the figure.

171 mm

ROM
8.0 mm ROI of background

B ROI of hotspots

Figure 3: ROI definition for simulation as well as experiment phantoms.

4. Result
(A)
55 —FH
5 | (simulation)
—=®— uncorrected
45 r (simulation)
) —%— corrected
% 4 r J (simulation)
35 | —A— uncorrected
(experiment)
3 + —o— corrected
(experiment)
25
0 0.05 0.1 0.15 0.2 0.25 0.3
NSD

Figure 4: CRC versus NSD results for 10.0mm hotspot for both simulation and experiment results. CRC of “FI”,
“uncorrected”, “corrected” of simulation; and “uncorrected”, “corrected” of experiment results are shown in each
graph. The ideal CRC value is 5.0.
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Figure 5: (A) Simulation: averaged horizontal profile of 10.0mm hotspot for “FI”, “uncorrected” and “corrected” at
NSD 0.2. (B) Experiment: averaged horizontal profile of 10.0mm hotspot for “uncorrected” and “corrected” at NSD
0.25. Both profile is plotted after images have been filtered by Gaussian filter with FWHM of 1.5mm.

By comparing “corrected” result with “FI” of simulation in Figure 4, it shows that proposed method manages to
restore CRC value successfully. At NSD 0.2, the CRC of 10.0mm hotspot improves from 4.26 to 5.01, which is
about 17.6% improvement. In the experiment, similar CRC improvement was also observed. The “corrected” CRC
value is restored or closer to ideal value. At NSD 0.25, the CRC of 10.0mm hotspot improves from 4.22 to 5.03,

which is about 19.2% improvement.

5. Future works
To evaluate the proposed system matrix in full 3D image reconstruction, computational speed becomes a significant
issue due to large number of crystal pair in the JPET-D4. To reduce the calculation time required, firstly it is
necessary to compress detected data into one DOI layer by using the DOIC method [2]. Certainly, the proposed
system matrix needs to be modified to take DOIC into consideration. This is a topic to be studied in the future.
Besides that, it is also necessary to speed-up the image reconstruction routine. In our current implementation,
system matrix a;; is being approximated by overlapping area of object basis function with standard Gaussian function
of detected crystal pair, g;. This is commonly known as the ‘on-the-fly’ method, as the system matrix is computed
during image reconstruction. After compressing the data using DOIC, a 3D OSEM iteration of the jPET-D4 takes
about 20 hours. It is based on the following condition: CPU Intel Dual-Core 3GHz, ‘on-the-fly’ system matrix
generation with blob size of 1.5mm. In order to reduce the calculation time required, we are currently developing a
parallelized version of the reconstruction routine based on distributed memory system (Figure 6) with 16 CPU cores.

The calculation time is expected to be reduced with respect to the number of CPUs used.

Master CPU Slave CPUs ...
| — | | — | | — | | — |
i === =
| — | | — | | — | | — |
| — | | — | | — | | — |
’ | | ] | ] | ]
| ] ] ] |
Gigabit LAN

Figure 6: Parallel computating for 3D image reconstruction based on distributed memory system.
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6. Conclusion

By utilizing DOI information, high resolution images and high sensitivity can be achieved. However, ICS that occurs
in DOI PET cannot be neglected due to the use of small crystals. As some scanners apply Anger-type logic
calculation in position detection, only one approximated position can be obtained for the case of ICS. This causes
error in position detection. We simulate and study position detection error that caused by ICS in a four-layer DOI
PET, the jPET-D4 by using the Monte-Carlo simulator. It was found out that ICS worsens the contrast of
reconstructed images. We then propose to model the ICS probability which statistically maps the relationship
between first interaction crystal pair and detected crystal pair by using the Monte-Carlo simulator. By including the
ICS probability into the modeling of ML-EM system matrix, ICS error can be corrected successfully as indicated by
CRC values for both the simulation and experiment. However, 3D reconstruction with the proposed system matrix is
computational intensive. As a first step, we are currently developing a fast on-the-fly image reconstruction routine

for full 3D reconstruction. It can be realized by utilizing parallel computing.

7 . Acknowledgement

We would like to thank Prof. Hideaki Haneishi and Mr. Masanobu Sato for their generosity in providing the detector

block simulator.

PN

[1] Sato, M., Haneishi, H., Inadama, N., et al.. Computer simulation of four-layer depth of interaction detector for
PET. IEEE NSS & MIC Conf Record 3, pp 1913-1917, 2003

[2] Yamaya, T., Hagiwara, N., Obi, T., et al.: Transaxial system models for JPET-D4 image reconstruction. Physics
in Medicine and Biology 50, pp 5339-5355, 2005

30



(6) GSO-8 /& DOI #RH 2B DIERIBRDIRET

it EEf-
FEMF « 537 A A=V Tt o & — - Jeim A R E 7 L —

1. IZC®HIZ

WEROBAN TIEREE Chho T R G E AR b OO BKE L EN T2 PET EEOERELHIEL, 21320
#7275 Depth of interaction (DOI) 15 HHZRDBHFEAAT > TE72, DOLM AT, M 2R THUR A L 77
BEARS F MZFZOT 3 L TRETEDLLD T, RS H MDA LA E DINATINDBFGED R G Lle>T
W5, BIEHRCHEA T 2 8 DOI fithigs, A58 T 3 J& DOI i Has 3l SALTnaH, Fex 1% 8 Jg DOI fa
FROBHFIT RN L[], # g, 8 JBO#E f R Bl S 2L E R B BT E IO & LI ke 7o o
TD, Al HHER O i3 H & T DM MR A - T DR S A 8 4y T 228157, 1 fidh#
FORSZFELSTHIENTE, BONOAH T DRI Th mW R fRREZ R DT LN TED, T,
R RNFOND LM HERZ H AL S 7 R (S U CHER IS A RN <,

8 J& DOl M2, OO RS 2 O v F L —Ta OS24 4 g9 o, it 8 @iEL-
HE1E T, TR B SRS AL BLFIN O SRR A D T RIZED T v FL—a KO IR OEAE TR SR AR L
T ARG OREEZ1TY [2,3], 2 FEOREILEL T, H725 Ce IIE D Gd,Si0;(GSO) V5, GSO fitidklE Ce DR
MEJECTRIENE DL | RIUFHEZ R ORS B TR E T 52N TEDL LWV RRIZR M E 2 FF
[4], ATENZ, 8 & DOI M H#RA s ELAS Shaik Bl 3 ATREZR Z L& 7R LT, ARTIL 8 J& DOI M HERIZ DWW Tk
ERFZEE LT, A BRI KD N BRI RE D1 W2 ]I E LTz,

2. EB&
2-1. tREBER

8 J& DOI # HZR DFAEIZ, Ce JFE 0.5 mol%:Ce, 1.5 mol%:Ce O 2 FiXHD GSO % 5, TN DRFELR
#1360 ns, 35 ns THD, ftdn DR EIRBITEE LD, YA 213 2.9 mm X 2.9 mmX3.75 mm (0.5mol%:Ce) |
2.9 mmXx2.9 mmX3.6 mm(1.5mol%:Ce) THY, EEDE MGG DO X257 Thd, Mihgsid, 4
GSO #dmD 2 WothlFl 4 J@4r. 5t 8 J&8 THERS N DMG G~ 1y 7/ 256¢h flat panel position sensitive
photomultiplier tube (FP-PMT)&IEE4E G DHERIT/2>TD, FEGRECSINIZS T L —al DL &4
VETDIZDER AN S AHRAS LT T, ZAUC KD DOI 4 &5 O s s DR EZ1TH, RICIE N O
— B IR ZE AT, A an L B, i T8 (8 J@ H) —FP-PMT [MiX RTV = A (R HTE 1.45) TRFHREET 5,
FEMIZIIES 0.065 mm, SCEER 98 %0D multilayer polymer mirrors 28 9%, fEdh~ 07 OJEH LA
FCLBH, TR T =T THEIET D,

8 J& DOI HIZFEL T, K 1R T 2 DOHE EE N AT HETH D, K 1 (a) 1T H A ORI KT (b) 1T
DR ALED LK THD, it 1 (LSLS)E 0.5 mol%:Ce, 1.5 mol%:Ce GSO JEES 7 MICAE H.
WZERESAL (B 1 (a-1)) | 835 2 @A C RO M EIZ 72> TS (B 1(b-1) ), M R A#% KE 2 (LLSS) 1 0.5
mol%:Ce, 1.5 mol%:Ce GSO BRI HMIZ 4 @ T SRESIN (X 1(a-2)). 4 BREIT I EREFT T
FMAEEIC722 (K 1(b-2)) o 20 2 DO A H THERE D HLE & 179,

31



(a1} (a2} «— Layer-1

%

-

ib-1} Layer-1,2 Layer-3, 4 Layer-5, 6 Laver-7, &
(h-2)  Layer-1,5 Layer-2, & Layer-3, 7 Layver-4, &

1 (a-1) B aeiid 1 LSLS, (a—2) #id 2 LLSS, OMIiE K, HiX 0.5 mol%:Ce, Z'L—1% 1.5 mol%:Ce GSO
WX DREERBLA, (b-1) LSLS, (b—2) LLSS, DS AGLIED XK OK: B il :RTV 2 .4),

2-2. BIEAE

2 1%, PEREREAM EBR D[ TH D, ¥ 'Cs FAHIRA V., v #7 (662 keV) D H#R L7060 kR S &
57350 DOI K@ ~D7 7B — A 2179, BE 10 cm Ol A—2&@L v #% 1 mm D7 7B — A
T2, i F =—2[5] &Lz 256ch FP-PMT MH07 ) —R{E5 (£ 16 5 5) 27 H—iHL TELND 2
Rt (2D) RV a B AR T T DOI 4 J& Oftdaki 2179, 16 7/ —RE 5O mfEO R E 2L CAMAC
ADC %]V %, Timing Filter Amplifier (CEVEBINDHWIEDO LRI aADZAIL 713, AE 5 OREEL %
RKBEL, ZDHAIL T DA T L& LR ERORILDEFT LD N TED, AN T L L THIHD
B R 51 L TIRIE AN EAT, WIEFABICIE 256¢ch FP-PMT D% A /—R{Z 5% v, CAMAC TDC T¥n
IRADIAIL T OREEITY, K 312 8 J& DOI f Has DOf dbikiEZ £L DD, T IIEFHIT 0.5mol%:Ce,
1.5mol%:Ce GSO DFHIZITVY, ZNFENT 2D R T ar b AN T LE/EHZEIZL~T DOI J718) 8 &4y D i
2 T RELC D,

| EZ £ 1&7 t o) 1.5mol% GSO: Ce | 0.5mol% GSO: Ce

. Timing |Zero cross tlmmg "
I Pre- Filter ~ p——— g
Detector gmp Amp S
Zero cross timing
Shaping b)
Amp 2TETTE890882] o Layer-2 “eaas as0
Anode Gate and oo o0 00 Layer- es 00 "8
Delay oee0ce ecoe 80| @ Layer-4 C® 800® 0000 00
| Generator “ee’"se a0’ Layer-6 ® Layer-1 Cee  se 00"
08 eoce e0ce 80| o Layer-8 ® Layer-3 08 0008 0008 60
gate start Stop (o] X JoJol X lelol X lo] y o] X lojel X lejol ¥ le)
CAMAC ADC TDC o0 o0 ‘oo Layer-5 [fee”"ee- 0@
388558855088 oLayer-7 [58 8508 8508 85
2 FEERAIE 3 8 J& DOI K Has Dt i nl| 12
a) ISR, b) 2D R al bARNT T A
2-3. #ER

4a), b) 1XZNZEFULSLS, LLSS IZHfL vy #a —HRBH L TRONIZ BRI/ m 22 (I 75 Th s, KD
l'with pulse height discrimination (PHD)Ji%, &A X P TOTRIF —ARTZ ML E | 300 keV (ZBEZEFRT7-
HDOTHD (TFAF—H vk 300keV) ,, Without PHD, with PHD DIHELY i F R A XU MR GSO IT5E
T 2554 DB MERNZ BRIV CODEE T 030h 5, 2 DDA ARD4EE LLSS O ik, K5 1%y o7
T — AR D B aAA AL DI C, 2O GSO XD — 27 0 | [l ff i T £ B EGELA

32



NUMZEDE = RBNTODERF B RR D, ZEEELIBEVEIBOM TEISTWDEENZNEBE R 5L,
LSLS T4 _XTOE T 2 FED GSO MFED A>TV T LLSS TIXBEYV &S5 HT Layer—4 & 5 DERDOHLTHS
FIL 5 OfEEN—ET 5, [¥ 4 TLSLS O peak to valley DIEAMEV DS | 2 FEEEHD GSO fdb% E-1 5
HERN S BEGELA U MR Z N2 LR TE D,

6. 7.8 1% 2D R ar AN TADHETHY, [4 6 1Ly #— RIS T, X 8 1Ly RO 77— LG
WZIWESNTZLOTHD, K 713K 6 D777 AL T, Hil21E Layer—-1-Layer—3 I3 Layer—1 & 3 Db &I
ST DIy DT T AN THHIEERT, K6 T, LLSS @ Layer-4 = 1 OEAN T L TIIIHD /54 D53 BEH
N X8 T Layer—4 ~ 1 DFEAN TARKRDOREIEDP/NSWZENER EE X LD, SOFEROFE LT
FL—a DS TR R DIEE  EARN T A EOSARS T RICH D, ZFEFETHEEOHS LE
TIXZDIRB) DRI ER TERNBDERD LI THD,

913y MOT 7B —LRINTIVRLNAE P IRATIT 1 5O &0 Tdhd, JEEE — 7 DFRXHEE
THRLF — G fifREZ R 1IR3, LSLS, LLSS IR EZRFAEIT <, WifiEIC W T LB TREE —7EN T
MO F L= a DWEDRIESND, TR — S fEREIL 28 TIRIFYS — Tholz, BE—ZHDM6
&L TIE, — & PMT IV ED DR 2 I F 3503 Layer—1"3 TIREF UfEE /2D, £ 2 g Tl ENEIE
L CWDDIEER 7 vy 7 ERDOKHNM OF 5B 2005, £, RIS 7 vy 7 A XD 4 J& DOI i HERD
e 173 BHONREIZZNEN 4 T8 H D 84%. 81%., 91% CTh-o7A% [2], 21T 8 @ DOI & Hi#R Tl
Layer-5"8 IZ&IGL TS (R 1), PMT 2B OEREHIEAF T 575, 1 J8 H 2N Layer-1,2 12, 2 J& H 2% Layer-3,4
(2, ERRTDIET ThD, JEmOBIEIL, PMT 2260 BEEELD PMT IZE< ETIZE@IE T2 8 OB RE KT
THEZEZBND,

a . b
) 25000 — without PHD ) 25000
,g 20000 — with PHD 2 20000
g 15000 Z 15000
© 10000 o 10000

5000 5000

O & Tw0 2000 3000 4000 O om0 zow0 30004000
Zero cross timing [ch] Zero cross timing [ch]

4y RIS TS5 N7 a) LSLS, b) LLSS TO¥urnAZ A7 )34,
Pulse height discrimination (PHD) @ F&E 1359 300 keV,

— Layer-8
— Layer-7
a) 10000 — Layer-6 b) 10000
2 5000 — Layer-5 2 5000 c)
2 6000 Layer-4 5 ¢,
Q —— Layer-3 2
Q 4000 L O 4000
ayer-2 2000
2000 ‘ Layer-1
0+ - [ "/
01000 2000 3000 4000 0 1000 2000 3000 4000
Zero cross timing [ch] Zero cross timing [ch] Layer-8

X5 77 —ABREHTHELIL a) LSLS, b) LLSS TOX¥arar&Z A3 74576, ¢) a) Eb)DIEKK, B
~TH) 350 keV,
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Layer-8, 7. 6,5 (S)

Layer-4,3,2,1(L)

Layer-7, 5,3, 1 (L)

6 v#—HERKTELN 2D ROV ar bR T4, (F)LSLS, (F)LLSS, Bl 300 keV,

Layer-4,3,2,1 (L)
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2
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o
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Oi) 50 100 150 200 250 300

Position
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-
-
.
.
4
L

-
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200
100

d-1) Layer-2 - Layer-6

o

4
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200

c-2) Layer-1 - Layer-3

%1 4.2) Layer-5 - Layer-7

Position

g-1) Layer-5 - Layer-7

50 100 150 200 250 300

0 750 160 150200 230 300
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h-1) Layer-6 - Layer-8
0 ) Layer: ayer-

g-2) Layer-3 - Layer-4

h-2) Layer-7 - Layer-8
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K7 X6d2D R varANTAOT a7 7 AL, (a=h-1)LSLS, (a-h-2)LLSS,
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Layer-2 (S) Layer-3

-
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8 BN NNE vm ooyt
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L) Layer4(S) Layer5(L) Layer-6 (S) Layer-7 (L) Layer-8 (S)
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o 1 R S 1
. ter 33 s 8 - SRR ED .o sEYEE
T mm? - Wt . L. .- 8 nus SR B SRNTITREET o o

Layer-1 (L) Layer-2 (L) Layer-3(L) Layer-4 (L) Layer-5(S) Layer-6 (S) Layer-7 (S) Layer-8 (S)
X8 77 e — AR THLILE 2D R varbARN T4, (F)LSLS, (F)LLSS, BfEIZK) 350 keV,

. e -4
I 8 W

L. Rt
$88 % ¢
HE

fa
”nn

— Layer-8 b)1 40
— Layer-7 120

. Layer-6 -

S —Loyers | Layer | 2 3 4 5 6 7 8
S0 — Layers & o Full energy LSLS 0.62 0.59 0.61 0.63 0.73 0.76 0.92 1.00
Sw Layer-2 G0 peak [ch|  LLSS 0.64 0.62 0.64 0.68 0.70 0.78 0.90 1.00

Layer-1 20

Energy LSLS 15 15 15 15 14 14 13 13

D 000 | 0 ion [¢
UPulsehgight [a.uf] Pulsehe]ght ] resolution [%] LLSS 15 15 15 15 14 14 13 13

X9 77 e —AMBECHEONI-H AT 1 FEsD #F 1 HEBEE—IELZRNX —3fREED JE [ LLEL
W=, (E)LSLS, (F)LLSS,

3. F&BH

FLLBHFELT- 8 J& DOI M s O i 23 i (M R MERE IS R T R B AT~ T, Br/mAZ A7 4341 1% LLSS
DIFHALDNTEIIH BUAS LSLS T DA B DR AR PN BUELA U M D5 fhadkal OFR01E LLSS
MG TH 2D RV aBARNT T LT Look-up-table 2RI DRFIZHE M Z 0B 2 D, 16> T, LLSS TD
2D RT T ar b AN T AZEBIT DO fhis O EI D R A BRO MR ISR D T HT5EFZ20N570, £
DWEFIEN R ONB/RWOEY I LSLS ffiE 2 IN T2 L2 b L Bbis,

2% Xk
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IEEE Trans. Nucl. Sci., vol.53, No. 5: pp. 2523-2528, October 2006.

[2] N. Orita, et al.: Tree Dimensional Array of Scintillation Crystals with Proper Reflector
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2005.

[3] T. Tsuda, et al.: A Four-Layer Depth of Interaction Detector Block for Small Animal PET.
IEEE Trans. Nucl. Sci., vol.51: pp. 2537-2542, October 2004.

[4] H. Ishibashi, et al.: Cerium doped GSO scintillators and its application to position sensitive
detector. IEEE Trans. Nucl. Sci., vol. 36: pp. 170-172, February 1989.

[6] N. Zhang, et al.: A Prototype Modular Detector Design for High Resolution Positron Emission
Mammography Imaging. IEEE Trans. Nucl. Sci., vol. 50, No. 5: pp. 1624-1629, October 2003.
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(7) /NEh%) PET ZLE RS

BRESUE DY, AEEY, KiTESY
VBRI SRR BRI IEAT « T A A=V TR v & —
DFIERFRERE « HIRB 2R SER
DRI - T

1. [FLC®HIC

TUIART v "N EO/NEW E i EIZ L7~ Positron Emission Tomography (PET) HE&E X453+ L X
IV DAERBEREMRIA OB R T RO EBAL Z ATREIZ T D70, RA N ) A REEHEEST 26 172 F
e LU THIFZED TWA L], 2 THLIL Depth of Interaction (DOI) &2 o L=, /)
Yo EPERE PET 2818 (JPET-RD) Z4RR L TW5 (K 2) [2], WEFEEE TOHE T 4 8 DOT FiHigs
DFEOFMZITV, 48 DOI-PET Fithes & LCHoetkmB a9 2 & &mL72(3, 4], BifEIX
JPET-RD @ PET %5 & L COMRED RAE Y %47 9 IoOITHHERE 2 DWW U X7 VAT A& G4
LR 21T > T\ D, AEE TIEZORERIZOWVWTOREZIT I,

2. INENEEER 4 B DOI-PET R HES

X 2 (Rl ER A I ES iz 7 v T v v 7 48 DOL a0 5B & R, Bibgity v F1r—4
fhdh & M TR SN T ny 7 b FL—va U RERIET 572D ONRETHEEEND
R %o AN HIAR O FHEUIHER D PET ISR & [F] URE AL - R - LB THEEE OMAGbE & AWK
WM OB OHZRZ HTEF T, T A —HRHOATAFETORGE 1 DORY Y a e X b
TRy BT T ENARER T 2D D, JPET-RDICHW DR T 1 v 7 13FE T A X 1. 44
mmX 1. 44 mmX4.5 mm T&H 5 LYSOLu:98%, Y: 2%) > > F L —&F % 32X32X4 |ZHH T 7= %
T 5, VrFL—FRTORMIRBITIIED & O Uiz, EFHEAE IFERS h=7 2%
? 256 channel flat panel PS-PMT (256¢h FP-PMT, H9500) Zffi i~ %, 256ch FP-PMT ¢ Opening area
1252 mmX52 mm TH Y., 256 fHDT /— FiE3.04 mm EFET 16X 16 (A S TWA 5], ftfhsE
FRNCEEEN T A HEMIZIE, MEE 98%, JE X 0.065 mm @ Multi-layer polymer mirrors % A
VN, R By 71X FP-PMT (123 ) @ I A THREG S 72, JPET-RD TIIHEFFEIAS 8. 8em &/h &<

LINd-Sd

T
TR
O T
(T

K1 jPET-RD OHE E 2 jPET-RD A#E&I7Ovsy



3 TURTERBREVNTVTS 4 TIRFREBRVAT L

AR S HE TR LT REE COMEIZ /2 D720, FHEERE 720 U AT A TOREREHSCE
T DORANT T OBEREMT 5 2 LN TRIND, BAEOFHE TIELFRIEE L THE SO 5E
A LZEIT) Z L 25 LTV D, BEDOZEND JPET-RD ICBW TR0 LA 4 58NS
HZETCTREZRES T DI ERSAEVHEELHER T2 ENARETHLZ EBRRINLTVND

(6], ZDTHBEO T VT vy 7 OEWEORE TS, HAINZ 40D 171> 7 (16 X 16 X4) TOfEkh
AL B, BICED 45D 1 T vy 7 ZHRIAT FP-PNT & RICHEEZ1TH LW O 1EETR TIT-
TW5, R LBEOTH LY AT AT PNT O 208 L TRt LIET 5 Z E R ARFRETH D
e, REBRTIIFME Ty 70k 4 55, B LAKRIIEOEE TCRHEEZToTZ, TD5,
FNEND 45501 71y 7 B OREGE DT RGP ORE R & Bl TLEW, 2RILARY
Tarb AT T AIBWTHEENTTNS,

3. IVURTEREY TV T

X3, K4IZT T ERICHW -y b7 v 7 ERT, EEET L I”OER & BTSRRIV Z D
B> TEBY ., EROPLINIEFEA T —V L AT — /Lﬁ74/ﬁﬁ%lmfétb@fw5ﬁ@
T HRTWD, BIETAME 1.65mm, £ S 5em O %6e-%Ga 7 1 L HRIRZ V., ﬁ%ammma%_
N5 lem TOHENTZ 4 DFTOMEIZE X, CIVENDNLE CTAE D FRIEDRIE 217 > 7o, Mt
AITREND K DI 6 AEOFALIZHBIZEINT Z ENARRIZR > TR, METiZO@ﬁﬁ
W72 Line of Response (LOR) Z{ili7=IAEICEIN L, TNENDOHATT 30 437 — 570)42@&%&
fTo7, FP-PMT IZIZZNZH-800V 23T HALTIR Y |, 256ch D INTHRFLTF = — AT 16ch *
CHA B AVEETE R AL 18 5 5 R A 38 L 7214 PA [B13E | [RIIRFEHERIR] B 1225 H AL 5, PA [AIE %1% JPET-D4
DINEER L FEOY & -V TR D | KGO DI 1, 024ch 75 4, 096ch IZEHE LTV D,

4. R

HIDOIZ 7 7 vy 7 g R HEAR TIT o T2 EIS KT 2/ RIC OV TR R 5, BIED T AT A Tld=
AT U AERSOTZRETT R A =AY MR 2 RIEKRY Y a VB A NS T ADT— X 215
D2 ENRMERNED, T—ZITIE LYSO FERIC LA ERE DA XU ERR LS TND, TRLF
— AT MVOREIZIE B6e-%6a T A U #RIEE Az, 5 IR 1 THOLATTZ R LF—AX
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7 MVERT, BEENEMDDEENTNDTD
\Z 5llkeV OHEE—7 LD HENTZRLF—D
AR ERBENTND, KT AT L TIHFAFIS J
R CORIEDHE D look-up-table A fEH L e s s ey
TEE, ZhaBRT5 2 L TREAMTOREE
DFIEZEIT> TV D, BUTHIER DT R /LF— R
RX7 MLTHY , ZRVF = fFREII EZ DO A
7 MK 1TRDER S B v,
6 Mg 1 THO - 2ktARY v a vk
2 NI hETT, vy T ORIESS T 6 £ B 5 63Ge-5Ga RIZHT BT RILF—RARIMNL
TREND L DT 4 ORI ST
W5, ZRUCKLES 7 1w 7 O TS FP-PUT OFGERE V £ F TRIE SN TRBY ., £
NEVAMINCERH LT 2 — RBELE LR W=D T v T — 3B 21T o 72 BRI AME 0D # i A3 PRI 27
STLEI, ZOORKL LTHERATLEWRFEOTFRIN 9 <o TR, FEEICITEEL L T
WITTULE D W ~BRL NG REIEDD 72T T OINE DR TOREDR E < A A TWDHIRIA S #
BORmERTE— I Bi#ESTLES> TWOLENRKTH D, v~ v FOFRICH 5T ORRMIL 2 &
TR L DT 1y 7 BIEN 4 DITHESNTNDEETH DM, Kﬁ—f%@&ﬁ%%#%%ﬁ
FTHxOE—27 OHFNLFREETH U | fEdh T v > 7 & 43EI LT 2 LI X 2 R CofE S fifee D
BIFEZ > TWRWNWEEZLND, FToART T a B A N T A ETONBIZEFET DGR DI HIEE
DIFENI T FP-PMT DGR DIE—kRIED ERFR TH D, BT THLIN 45D 1 7 vy 7 O
THREDENERY Y a VA N T A RZBEN TSN, ORI EL 52 THnD &
9 UTCIESA E FP-PMT ROFeH LI O G R RESEEL TWNWDH EBZ b5,
RBIZD o RXT VAT BT KD 2R R ORGSR A R, KR U 7 ERN LA v T
VART EHAWTHY A TS A’i’ﬁfﬁk LU HEHEAIX filtered back projection 1 (FBP) Z W Tfr > 7=,
DOT 8 L OGAIZIZ BT D 4 SOBOREMZ ZNENE LiAA 100 18. 0mm Dt & L TRV A

6 2 RFARTLIVERMN'SL
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)75 MMekfTo T, &8 13 D0 A D oA 20061230
L L OO OB RE ORI R AE AR ° | lomoorito .
LCn5, ZRSfRET ERoOIcLT/LbhE  §7

RS O G % 0 6. T4 VBIEOERT 7

b5 16 AE LB T E Y b SRTHS, & } :

BB CEE DOT A TN I LI B 2 oo

T AT 1. o B ORI MRAENE BT ]

5, H6fEH E B DOI FEHAE WA .

IR 8 23 H D 2> B AL B IS RE o TR & < 22 ’ " e et ” 5
IIRIEDS AL LT Do AUSKT L, DOL {2 A M7 SRR ST RO

H LIS E 0T — 2135 T 0ZEM S RED LI
B2 HOORERART 2mm F2E D ZEMSMHEENE SN TEB Y, 4D DI OFENHENTWD &
Eizbnhb,

5. &

Fox O 7 N—TTII/NEMH PET 255 JPET-RD OBHR A2 1T-> TRV | BIEDV L _XT EBRV AT L%
W FBRZ 1T > T D, 4,096 B LYSO fifih % 32X 32X 4 [T BT 77 v 7 a v 7 ftias O BUE
AT, ORI 21T o 725 R AR 21K T 17% (FWHM) O =% L — 3 fFRENS D LTz, 2 IRoTAR Y
Ta b XM AIEVTIE FP-PMT D¥mDEs &2 RV TSR EDfEd 2 70l T 5 2 E N TE T,
F, 2T AT Oy Z SR A L2 U T EBR S R T A e OB R G 0 22 [ Ay R BE D
AT 572 FOFEE, MRS F 0T 1. 5mm OZERISRRENE B NT-, F7-. 4 BD DOl HFH 4 H
W5 Z & THREFFIRARICI T 2. 5mm LU T OZERGRED S DTz, BIIEORHERO TV AT AIF5E
ITHREEN ENTHDHRTITARL, 5% b VAT AORPEROUE - (b 217> T MERH
D03, AEIORE R JPET-RD A3V VEREE & 220 ffRE 2 WAz L7228 @E & L COMRELFF>Z L AR L
THVAZLEEL L TORBEZED T FETH D,

SE X
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42(3), pp. 219-232, 2001.
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(8 —1) HBREHE /n vivo AERIINDTESE

B EED A @R
HHRREFREZERT 1) B A A=Y 7t 72— 2) BRI ERIEr s 27—

B A A= 7 OB B T IH B RO FIRFFHR T D, IHBHEHRIT 2 AW FRHZ NREIER D
FH NS AEIG A @D | 511 keV O FEREIE DY 2 DO H R TN RFE NI FHIIS NG S 2022
DR B85 5 SEAR (LOR, line of response) b TRy R+ L3 EZE L 7= AT REMEAS BV,

ZZCHEFERR &1, 2 AOTHBIET R SIVOFAR A FED3, B ITITL LY 180° TIIZARNEN)
BWTHY, LT 05 BEOEENHDLIENHON TS, 2O S photon non—collinearity
(acollinearity) $L<IZ angular deviation EFE(EIL, B AGE CIITHEIES RO A EIREI LS > TD, fAEFEENIC
Fo T BUTRT IS, LOR BNED M THBREFRNDTEHEL TLEDT20D | B A A= 7 D2 S REEN S

&35,

Anger
A

. 4
Probability Y& Dmm

—

X1 # ERRENCLD LOR LE DX THIRELZE DO TEHE.

2006 I HIRS =R E “PET Physics, Instrumentation, and Scanners” [1] @ 12 _X—IZ1E RO LH7R
HE RN ISV,
EXAMPLE 4

Calculate the blurring due to photon non-collinearity (Anc) in an 80-cm

diameter PET scanner designed for imaging humans and in a 15-cm

diameter PET scanner designed for imaging small animals.
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ZOINT NI HEEED IOV TR NSWIGE I, AERENC KGR A ITIRER THD, Ll
LHHIEEO IV 7T RBRENGAITIE, PET FHANZ B 2B 72 iR (G FE IR R D e KR L7 5,

LA THEEREB O AR HUL 0.0022 LENTWDAY, 24U LOR EEOSHEBRERE O Bk 7 7B fR =0 (K
1H)ICKLT 0.50° ZRATHEHELND, Ll —fMRAVICH EEHRENAN0.5° FREE | LS DIt T0Dons, Bk
AIIZIE 0.4° ~0.6° DOHEIPAZ T DD, HDHNE 0.45° ~0.55° OHFFHZRON, 172 £7-425K02 0.0022 & 2 #7
DA RZDDHITIE 0.495° ~0.505° OEIPHZROHHIREL72W, D7elt, 0.5X° DXHIC 2 HTDFH
T A RBRRELT- R T — X I ETIZEAN DO TH LD, BIREATIE 0.002 & 1 HTOA B FIZIEDH T
DNIELVY,

[0.5° FREE JOARILLEL CTHIHENDDIL, 1965 4£(Z Colombino HAMFIAKIZHKI L CHIE LA E S DT —4 T
H5[2], LiL. Colombino HIFHEIFR /B OEREITHFL TWVRWL, 7T 728 Rat’ — L THIITL T
HTh, 2 HiOBE R TFIIRIELEE , Fo, MK E RO EHELL THROHR > TRVWODSRBFETHD,

RN TR DI, RIS ZE RN L T DA RI20 IO B H & 2 $h T2 A— KL T
tEE G2, F12130.001° FOMEELE X 22030 RIFFFHEERA FLER T IUE RV, BRIRTREEZ 100mCi, BRIEE M
MO IR 10m (f B fiRfE% FIF5H720) HETHE, K9 2 M CAENE T ay T2 ENTED, L)
L. BF O Xo7m ks CBul 1.83 Bifl) 28R EL T in vivo TERTH2OIZREETH D72, 50 4FIC K 5
BT 1A A= 7 DIELICH 0BT RIS U SID I E R O M R BN IR E & ThHD,

TS HR AR = ° .

FIBS B M1

R2: A ERBOSMEEERETDHIE.

2. [RE

DI ROTZW B EDEHENE TERWG A, BIORIE /T ies Bl &4 E &L T, RO W ELEIC
R T L HEEEZ D,

T, REIROAI% CRAF T2 EZ2 BT 572010, BREEREZR3DOIINCERT D, BT BhE T
DRFEWED FEREZ SR RIZ LD | S5 2 ROTEBHBHFRDOI HAEE D 1 ADORATH A>T Y iz EFEL .
ZNEEAZT DN X Hhia R T D, 22Tl 2 KDOTHEBBH MR OEB B4 Z I p & p, L HIKERTOE
LB O BEREE p, LT DL 2D 3 RKORT NV TSIV AT U 236 AT 0 i B B
RN T 5,
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7.(P,)

X3 A ERBEOREEFAUREFERIZ ERIL T D7D DEEER.
A CRT L EHED X e Y O NENEIVRFISNDDT,
P, =p,sin6, p =p —p,cosd
2%, Fio, TRNFX —DORIFRIND,
2mc’ =cp, +cp,
BRSO, 72170, my 1ZEFH LT EFOE & (9.11 X107 kg) THY., ¢ 1TEEEEH(3.00X10° m/s) T
bHDH, 22T, {HIEE (i) OMELET p, p, 0D 3 D THY, R 3 2HDHDOT—RITMIZENHHKD,
BIRIE, EEEmORAFAID Y pliy DRE T RN —IRAFRIOREENL T p, b LT p ZIHETDE,

2mc? +c¢ ¢
p =2 TPy ome? + Er
1+cosé@ 2
2
ep, = Zmyc” —cp, N CZ_CPJ
’ 1+cos@ 0 2

DRI EHID, BRGE DT RAX —LEB & pD cf5THDHND, £i01T 2 KO OZFZEho
TANX—THY, FIZOMEHM () BT 1 HSOEBEZFNX — (m, =511 keV) 5 p, \ZHBILT= 0y 872
FH T 5282 RL TV D, DFED IR (HIRRTOE 1 LB5E 1) SNEBIL TWDE, ZINBIAET DB D
W (=R — LI BEBN T D, 2T, BE T OB HEDO T AL ENE FT20LFRUBILT, W
b@LRY T TR THD, AR TIEZOBI SR % [ =L — 28| LIE5,

Fo WA RO =X —0 2 F B OXLEB) BARFAIO X iy ORE ST 54,

p. = p,sin@ = mclO
DBERFOND, ZhUE, AEREN 01T p \ITHBIL T2 EIZITALAZ LA RL TS, 3T, HLAA 07 IZ[H
TESIVTCWARLIE, MIRATDE A EBEOEEED X RO 3IT AP >TLE), ZHUTERN EDORTF
BN T2, D FED, X #il7 [ OE S B3 FEFREhE U CRAFESIL, Y il 5 [0 O S B X = r X — 28 L L TR
FESNRT TR0,

ZIT., EARETIX, HDFEE DS AN OREE D > TWDHD T, WK OB OER &34 7
PEZ A 208, AR OURIA T CIIBGEEN Lo T3k 2 27 mE TV L7 | BLIE G803 +5
WCRETFIUEHRHNIC p= p, EBEZDND, LTZ3oT, LU FOBIRAD YLD,

(0)=>1)

2
myc

ZORIT, ZRNAX — B DO GA<AL % E R T HIE, EERETHZEN TEAWA EFREI O/ fi<O> 1T
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TXHFEERL TV,

3. &l

TARNF —FEE D3 A <ABZRE R HE T D72018 B R TV E = L — 3 R RE A3 D T RAF7R
Ge FERM H A (GEM-25195) & Vo, Mg i aR DT v RV & TARIKIEL , 511 keV (28152 A7 LB
B (R EA O L — 0 fiRRe) 2RO DT80 | AR DFHINT eI > T, 7 IAF v VB ERITE AS LT 5
FRIED T o~ IR EAE RO BRI 2 [RIRH L E L7, e =3 L — D BIFRIE, *'Am (59.5 keV), Ba (81.0,
303, 356 keV), *"Co (122 keV), *Na (511 keV), ¥"Cs (662 keV), *"Mn (835 keV), I3 O Y (898 keV) T,

VT, FDG % 2.8mCi FFEL T, 140 iR LI EF AT 747 1 44 (20 B M) &L 0.1mCi FEAE %
DT =T 7 FEPLIH SO RO AT MV EE L 40 43 RIFHIL 72, BRI A REF 0%
RECHY, GRS OB ERBICEIT Dy EE 2, TORITH MEFEREIC Y e ERT D, Lz
MoTC, Ge FEABRHAROR EIUTE ThHD, 72720, @t RIC LM RO AR EZRET D720 | MiHaE %
PRI DO PSR 2.0m LU RRERF[E A2 2FHAIREH O 5% AN 7=,

4. #R

K4alX, LFEo 6 O RIS SV o~ 8 (R BR) D AT L ThD, TR LF—D &0
FE B — 7R K72 TOKERF D353 03D, Ll IHIBHUER R Chh 5 *Na DILEE — 2721713, ZOIERNC
RLTH®Y OB —27 806K, ZAUE, BB FRO =R F —73 511 keV 22BHGRL T— DO DEIZEES
RN THD, ZHUTH LT, OB EN DT o~ TIE T 3 X — 3 BLIIS R OA, JHFR21
BB E LT PEESKE N0, BUEB S OEE N NSODETHD,

B4biL, HEE—7 DOHEIREN o~ fE (EEEE ) O =X —DRRE T 1y LT/ T7 Thd, 4 8%
PG HIHR (AR Cho/NB -7 4o T4 7T D8 Mk HgRo 511 keV (2B HTRX— 53 fFRE (K77
—ZhRNENGA) X 1.17 keV THDHEHEES LD,

@ <150 FAn Fico
[ 133gg

133Ra

22Na ¥igs
13383 HMn

30 A UL n | BHT |

59.5 122 303 356 511 622 835 898

(b) 3.0

ZZNg

20l Doppler Effect

88y
15¢ 137Cs

13383 5Mn
Ofiam _Co

13383
051 <4~ Detector System Function 1
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B LHE T ORERIZH KT DB 2 LD HENE 2.99 keV DRSS 80.9%% 56>, B LBE 13 UL E
FNCTE R LToAR Y M= ADOKEIRIZ R T 5 88 2 DD HENE 1.77 keV DA ARV D 19.1%% Hb 7=, [X]
FORHRIT, K4b TRz 511 keV ITF1T D Ge KR MR DT AT AREEAZRL TWD, LD 2 5306
VAT LB LD AT A AR 2 — 2 a TIRVBRS ZEIZRY , =) F — #2528 T& D, (F
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[1] Cherry, S.R., and Dahlbom, M.: “PET: Physics, Instrumentation, and Scanners”, ed. M. E. Phelps,
Springer, New York, 2006. (ISBN: 0-387-32302-3)

[2] Colombino, P., Fiscella, B. and Trossi L.: Study of Positronium in Water and Ice from 22 to -144°C
by Annihilation Quanta Measurements. I1 Nuovo Cimento, 38, pp707-723, 1965.
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@Hﬂ@ZWﬁ%T%@\EF@ﬁﬁ%ETi(Mﬁﬂw%kﬁémoLk#of\mﬁﬁ@mﬁ
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TOF O fREEN ] L3 5 2T 5.

ﬂ

PET HOBST#E HERIT RO B DHEREIT, AT DS A2 RE BRI L, ZOME, =31 ¥F—,
%;w%ﬂ@%ﬁ%i@E%:mﬁﬁé ETH D, HREBEROZ R X —1L 511 keV THDIH, 21
XEAOBRE E LTI TE, BRAbREN, LR T, HEREREZIRERIHT 572
DIT, LIEUIEHE cm OR IOV FL—2fERnHAWsND, —F, (EREREEILE - ORHFE TN
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v U MERBICEILIZ LaBr, (Ce) > > F L— X DB AL LN TWDH 7D [7], BEfx ko ChEsnD &
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[1] Muzic, R.F. and Kolthammer, J.A.: PET Performance of the GEMINI TF: A Time—of-Flight PET/CT Scanner. Conf.

Rec. 2006 IEEE NSS/MIC, M6-152, 2006.

[2] Budinger T.F. : Time—of-Flight Positron Emission Tomography: Status Relative to Conventional PET. J. Nucl.
Med., 24, pp.73-78, 1983.

[3] Yamaya, T. et al.: Preliminary Resolution Performance of the Prototype System for a 4-Layer
DOI-PET Scanner: jPET-D4. IEEE Trans. Nucl. Sci., 53, pp.1123-1128, 2006.

[4] Inadama, N. et al: A Depth of Interaction Detector for PET with GSO Crystals Doped with Different
Amounts of Ce. IEEE Trans. Nucl. Sci., 49, pp.629-633, 2002.

[5] Tsuda, T. et al.: Performance Evaluation of a Subset of a Four-Layer LSO Detector for a Small
Animal DOI PET Scanner: jPET-RD. IEEE Trans. Nucl. Sci., 53 pp.35-39, 2006.

[6] Moszynski, M. et al.: New Prospects for Time—of-Flight PET with LSO Scintillators. IEEE Trans.
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Dichroic mirror 0.97 0.96 0.98 0.98
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Layer 1 Layer 2 Layer 3 Layer 4
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F—A7 MR L X —SRREA X 8 1ITRT,

(b) 18000-
16000+
14000+
12000+
10000+
8000+
6000+
4000+
2000+

Count

(b) 100

QUANTUM EFFICIENCY (%)

-

|l

|

0.01
100 200 300 400 500 600 700 800 900 1000
WAVELENGTH (nm)

X7 (a) H7546B-01
(b) w2

Energy Resolution : 19.0%

X8 (a) 2D position histogram

100 200 300 400 500
Energy Channel

() N7y 7 BIKTOZRILF—AT hL

6. HEHRH

#61% PS-PMT D47/ — R THRIIHEH., TDOT7 4 by MEROBARIZ LA A= 0 T H1T 9,
SO & U THE L7 H7546B-01 13 8x8 #i& (&7t 64ch)dD 7T / — K% KD PS-PMT Th ¥ | —kttids

BV 8x8 B B DHIEAMKAER S D (K 9),

HIEITRBRANOETFEHIZ ADC TITW MAP /L L TWA R, S8BT 7 o Z— & W6 3GERANC X

5 MAPLZEIT> TV FETH S,
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(67— samamrcaanl | [ 77— koot |

Photon z

9 0t MAP kD FNE GEZCX)

7. ¥&H

IR HH O DOI-PET MR Z BIE L, ¥4 7 A v 7 17— R ORERERA PMT 28 A L
TO PET fith#s & L COMREIMG AT o7c, ¥ A4 7 0 A v 7 I 7 —TIEKFMZ T RO TZGA I~
LUWWERRREIE D L D4, RIEREIRAH PMT TIEfE 2K T 19.0%D = % VX =N F LN L2 L, &£
Lo LERRBREA T Z LK, 5%, 20 25% AW TOEOEH PET MR LD T &
e S, Ll YU FLb—ra 0 Gate lRORE, PMT %7/ — ROBHZRONTHE | &
JED MAP LD 7= OFHABEZR OFHHE 7 LRI Z < . AEFER O 7255y oM B b & D THEICHE
LTWn&EZ,

B 3CHR
[1] Prout D.L, Silverman R.W. Chatziioannou A. :/IEEE Trans on Nucl. Sci. 51: 752-756, 2004
[2] T. Tsuda, H. Murayama, K. Kitamura et al. : I[EEE Trans. Nucl. Sci.51: 2537-2542,2004.
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(10) /INENY PET =& DEHEEBH

IRETEE UL IR Y, msIs Y, R Y
THERZFRFERE - BRBHEIIZER V. BEHBRIESR AV - 0FA A=V TiiEe s 2 —

1. XL

VAR, A A= 7% BRI E Ui/ N PET & o B3 CE R HANI 2 1 AT h TV 5,
TR SR B RFZE AT TITOEAEE 7 AT K % DOT (Depth of Interaction) HiHga[1]&BI% L. EIERE/)
WA DOI-PET 25i& “JPET-RD” ZBHHEH TH 2 [2], DOI MR ORHEIL, THfE % LT v B HNL
B DL D72 <. FOV (Field-of-View) WG D —FEMEZ FREBEAIICE O 2 T 5, JPET-RD
TiE. DOI FHAI & It OMRIEMIC LV . BEAFSEHE TIEEBL S TR WIR L & R DRINL 2 [ 2,
— 05 /NEBUE O R ERERE RS K DRI, Ax OBRHERT vy ZIZAST S y BOROEIMZ LY
7nry by NEEORERER ORAEBE L&D, SHIEREZWNISE 5, iU, ®BsERIcsy
THORFFFERZE LR TS, BEAMICHE LK T SE 5, AWZETIE, 3 2B ok
HE7S 572 2 JPET-RD O Y I 2 L— a VAT, MHEROTHE L EE ORE - 3R
RDOWBERONCT D, Fio, SHEYWELZHNICTY / — FEFOSEIHGAAH LEBE L, 2FHO
S b a2 R A D,

2. Hi&

(1) IEEHER

BIER ST~ U A& HE L, JPET-RD O HERELE L., NAK., WAE., g7 2y 7o —i4 &
RNEWAE CLTFUATR (H) ) o3fEs L (K1) , WTRORE S EE7micRbia7 ey 7 %
2{EELE U7z, F72, JPET-RD & AU E & OMEREZL kT 5 72912, microPET-Focus120 & [AlBk72 4 H
FEE (K1) ¥ Iab—Ta iz, BEEBOBRARTIA—ZER1ITE LD,

T ) — REEOSEFAH UL, I, SEAH LaEH 1X1, 2X2, 4X4, 8X8 \Woloifif, £
ALEIL 16X 16ch, 8X8ch, 4X4ch, 2X2ch 7 / — FEE#HEZ 1 >O7r b= REE THAHTF
BEThd, AN ULOERZETIEE 1RG0y 7 B0 0> v ZOVEEERNE LT 5 & TS h
D

(2) PETH#EYI=V—%

Ty P ABLORHENTO vy BOZFEEFHHEIZIL GATE (Geant4 Application for Tomographic
Emission) Z M 72[3], AENX. PMT HITHYS 3 23 0 VT —Z OAERIT GATE 2 IV, &t DU
H YR 2 L—H L JPET-RD OfF BAFEE 7 /UICH b THLRICIER Lz, Mittgs 7 v v 7 (OElRAH L
RIS E 7 A b)) DoDOEFZ7Zaery b K, 70— 7, RGOS REEZEY, U A ME—
Rer—FafEEEicihans & Lz, EEOZ AT —OfEEIE R 7 v v 7 NONEICED 57
—xE & L. JPET-RD 73 20%., fERMUAEE DS 18.5%([4] & L7z, UWNEEFR/XT A —Z % jJPET-RD & kML {E ¢
L& L, BARMITIE SV AFES R 120ns (FOBIARERERE]) . = (¥ —7 1 U 400~600keV,
IN—¥ 7Y A 7 128ns (FEEOBIARKEFRF][5]) . # A4 LT 4 R 4.0ns & LTz,

T
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. iPET-RD

K
R
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< >4
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85.2mm
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(c) Overlapped
(a) Hexagon (b) Tetragon tetragon (d) Conventional shape

(microPET-Focus120)
1 eHieshdE

#£ 1 FHEERE OIR AT A —X

JPET-RD Conventional scanner
detector arrangement Hexagon Tetragon Overlapped tetragon microPET-Focus120
scintillator material LSO (lutetium oxyorthosilicate)
crystal element size (1.44)* x 4.5 mm® (1.51)* x 10.0 mm*
DOI capability 4-layer non-DOI
crystal array 32x32x4 12x 12
number of detector 6 x 2 ring 4 x 2 ring 24 x 4 ring
transaxial FOV 85.2 mm 49.2 mm 38.1 mm 100 mm
axial FOV 98.6 mm 76.0 mm

(3)%§%Vi:v—Vay
FOV D H10MZ 10kBg O SRR (EAE 1. Omm) Z5RGE L. 100 R ORIE D & HLfseh B 2 3R 72, Iz
T, FOV ORI Z MY 7 o b A (EAE 3emX K S Temy, MERY =F L) Z3({E L 4],
y Bt DB ELAS 109 0 > b &7 D F CHIE L7eT — 4 00 b HHHE & BV O BIfR 2 /n s S st 2R
(NECR : noise equivalent count rate) &% U7z, FHEFIL NECR=T° " (T+S+2(R) Thr %, NHD T, S,
RIFENZN, B, HEL, BREOKFRRGHAOHEETH D, FITRET — 22 HD 2MIEOEIE TER
AL, B S DB FR O WIRN OFEICHIET 288 Th 5,

4. R

B HERBCE O PSR E A2 X 2 1279, JPET-RD O L& i, ANATE - A UATE
() =1.0:1.2:1.5 L7220, HIFAOREWEEEIZEROMEENR S RO R L oTz, —T7,
FAH LB TR CRE IR T L, 28 I X LIS 2RI T RIT, MESBEEICHR ST, 2X
2 T 10. 7%, 4X4 T 25.5%, 8X8 TliX4l.6%&7-7-, ZORETBRAINIZZRINLF -7 hL (=
X —IRRIED &M 3ITRT, o, UERBELE O PR 13K 5% & 22 0 . JPET-RD & HE~UgKEE A
HHITH DR E o T,

JPET-RD DAt HiARELE C D NECR 35 L OV EIFE A LIZ K D NECR OE b Z X 41273, ~ 7 ATk
% i RGBT 20MBg R & S B T2, ABFZETIE 20MBg TO NECR Z iP5, 4yEIFEAH LE LA
WA (1X1) | UATBELE O NECR [ZAMAIEELEIC KT, AR () BlE CIIANAEAE & R &
Tpolz, HEMAHLETSHZ LT, SRMESFEEIZIS VO TNECR 230\ kL2, BRI, aE%ex2 iz

T
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—e— Hexagon —=— Tetragon 7T
Overlapped tetragon — — Conventional shape

Absolute sensitivity(%)
o8
Counts (a.u.)
— [\ w E=N W [=)}

0 0
Ix1 2x2 4x4 8x8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Number of anode segments Energy (MeV)
2 HULHE R EE 3 HEEAHLICE D=L T =2 M LDl
2500 88
L el A il I e
£ 1500 r .
: 5
Q 1000 - /
Z A
500 v
0 /
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Total activity (MBq) Total activity (MBq) Total activity (MBq)
(a) Hexagon (b) Tetragon (c) Overlapped tetragon

4 FHERRRE L A LB e B JPET-RD 0 NECR Hhif

FUNT NECR (X, NAFIEET 10%, MNAFEIEE T 30%, PHMAF (E) FEE T 44%m L, WA ELE
NECR 3 AATERLE & B> 72, —J7, 5E$k 4X4 Ti, 40MBq LA_ETO NECR IZ & ST b L7z2s, @
O EEIRTIT NECR 1ZIE & A LM E LTV, 2SE¥ 8X8 Tk, 2 MHEREE T NECR [KETFL=.
20MBq TO ¥ v ZVEHEER CHEERR) LRt LB oBRE K 5 1R d, 23k 4X4, 8X8 Ty
VINVEHEERYE ST W W ER3b D,

JPET-RD (FiArH LAyEIS 2X2) & HERTUAEE D 20MBq (2351F % NECR % ekt il g o e LT
By hL7es T 75K 61T, ERAEERE 1T OIR VBB L, NECR BIRWEER & 72 o7,

5. %

TR OFERN S| e LBk a8 & PO ENME T35 2 L hbnotz, M3ITRL
LA LR EZHETIEE, (Ko x X — A X SR L7, 2Tt 7
UHGEL (CLFRREERNEGL Z2EZ L, BHROHBEAHLE S A MRV X —% 0 L T 592 v ##
MM L= EZEZ NS, 2Ly fiE, BB AL MNTHELEZ X LXF =S L7- 71
Y hxy RERECLE (R Shdizd, LRMNICBIIIEN S =XV F— 3K, =3 AF—T 4 R
THIZALRWEDIUREA IR TIEL B2 65,

SHECRHEORER G, AFEAM LA LeWES, Blids T 2y 7 ORI X 2K EOF|HFIX
7nry by REEOFHEAHZ NS &, AR ORABE 2 @ 57212, fERAIC NECR 2K T
SHELZERbrol, L, BEHANLET L A0 7 Fxr REIEOFHAEN S HIE
S, VUINVEHEERBLIONER 20 ETE 5 2 Enbaots, BAEMICIE, M4BIOKS NG 2X2
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1600 [ Overlapped tetragon -~ _

—o— Hexagon —#— Tetragon Overlapped tetragon| o~ | e
° ~ 5% 1400 Tetragon ~-___
g 13 2 1200 e
- =3 *
g 1271 m 1000 N
5] = N
; 11 F S 800 ¢ * Hexagon
80 = 600
% 1 F 14 Qﬁ
© %.1) 400 o
.% 09 1 Z 200 | "> Conventional shape
M ng 0 L L I}
1x1 2x2 4x4 8x8 0 10 20 30
v 0,
Number of anode segments Absolute sensitivity (%)
5 BAHH LB E v v ZVEECEOBR 6 HOLKRPECEE & NECR D BIf%

DEGAH LR RETHD E N2 D, DEE AX4, 8X8 TIL, Y7 VEHEERIZIZE A EELL720 D
KTT 5720, ERAICNECRIZA LW Elbhote, K2R LZL T, ElEk4Xx4, 8X8 T
IR AN EELICER L 72 BER TAZE L, 2F 0, 7y by FEIEORERRICER L7235
BT B BEIE CRDT B2, SEIR 4X4, 8X8 TIET RAX—HBINC X B HHENEELA <~
NOUETORBEO FNRBN Il KSR LIELIICV Y I AGEENMETLEZEE X NS, —
i SEIGE A LI, RSB EELZE - Loy MERET 2R H 5720, Wi SR
ZARGES 2 RIRFEHEGR DAL E ORRZE 2 T & ZZMa e m LAt sh s (2],

Fo, X6 5 D AR E I A 2N S W OITEENIEF IS, @V NECR 2B3MF 6 Tihvine
ERbND, ZORRIL, L EPDEICHIR S L5 /NE PET (23T NECR Z &8 D 721l
PRI L DEEDON ENRRAIRTHDLHZ L E2RBLTND,

6. £¢&®

AHBFZECIE, DOT Mg 2 A 7o/ N AT BE R 2 U PET 25 (& “ JPET-RD” Z %Gt Dlcdh =0 . s
DR AR O BEREAS B e 2 55 O RE - FHECRAREA R RS I 2 L — v a VIR VR L 72, Mg
7Dy7%%ﬁﬂﬁﬁﬁ%éﬁkmﬁ%ﬁﬁ\@ﬁ%@@%%@\ﬁMﬂD@%Ku#*T%é*ﬁ%M

[ZH . B A ORIV BRI B3 525 BT B aERf L 7 1 & R o REIE O A

BRI AL IR U 72 BB R OB L 0 NECR A3 L L7 2 & &R Ui, BARMIC, ARl e i oS
A UATE : MATE(E) =1.0:1.2: 1.5 THHDITH L, 20MBq TONECR X 1.0:0.9: 1.1 THh-
2o L2 L, 7/ —REZOREGAHELETHZ LT, fHxORtHET vy 7 O 7 VEHEERH
EL. MO L D HEEREOFEIC L Y NECR 25A E L, NECRELIZ 1.0:1.1: 1.4 &2 o7,
Fio. NEW OB ORIV T, BRI BELICE R U7 T 2 5 NRICH 2 2203 5
NECR &[] ET& % 2X2 3EIFEAH LS JPET-RD ICRECTHDH Z L &R LT,

S5k

[1] Tsuda, T., Murayama, H., Kitamura, K. et al.: Performance evaluation of a subset of a four-layer LSO detector for a small
animal DOI PET scanner: JPET-RD. IEEE Trans Nucl Sci 53: 35-39, 2006.

[2] Kitamura, K., Yamaya, T., Yoshida, E. et al.: Preliminary design studies of a high sensitivity small animal DOI-PET
scanner: jJPET-RD. 2004 IEEE NSS/MIC Conf Rec 6: 3896-3900, 2004.

[3] Jan, S., Santin, G., Strul, D., et al.: GATE: a simulation toolkit for PET and SPECT. Phys Med Biol 49: 4543-61, 2004.

[4] Tai, YC., Ruangma, A., Rowland, D. et al.: Performance evaluation of the microPET focus: a third-generation microPET
scanner dedicated to animal imaging. J Nucl Med 46: 455-63, 2005.

[5] Hasegawa, T., Yoshida, E., Yamaya, T. et al.: On-clock non-paralysable count-loss model. Phys Med Biol 49: 547-55, 2004.
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(1 1) FEEREE D0 —PET EBOEGHEERKIZBITS
HAETILOKRE

EHRED ILARE O, IARERO | ACRER O, BANIEZ O, LS, HRe©
THRY: - BABETITR Y, HHRESR AT « 571 A —2 v 70
BRI | JCE R - ERAEERY . THAY - T

1. [FLHIC

RRHIZED 3 RCIRSAL EAE WA G C& 5 DOLR g1, BB ORI COMMGEE DA RHHIENT
ED7 | W ERATE G S CTiREZ L | SR 4 DT B2 M DOI-PET #i& O PHF A HIfEs L
T3,

PET 23\, #EEHZR G A AGEE VD56 . ARG O B 3B E 7 L O EMESITIRET D,
BT VI, BET —Z LR EERSAHT DU AT A< 7 ARSI, SEFTEZEH R T2 FEDIED,
ERNCIVERETHFRIEN], BT AR 2 —2alllVRETHTERIPREIN TS, ERlBIUY
a2l —arli D FETIE, FANIV AT LN I A% FEL ., sHEMICREFL 7l AR a1 7o 02
ND, LN, BHFEFOSTEII DOLE D 2 Tl b THIMNT 5728, DOI-PET % & Clis 27 A~k
JADBEFBINGRKEIRD, — 725 B TR T 228D, — | VAT AV NI AD M EIR B %
BRI D FE IR ENCFH R T DL T, ARVE BNt Bl CHMREITHOZEN AR THLAY, FHHE=
AR T 5, 22T, Siddon YEIZRFES LD EE L ray-—tracing TA[3, 414 FFH L7l 722 8LE 7 L % H
WHZET, ERRFHENATRE T D, ZNETIC, BHHIELE JPET-D4 (@ L-BLIET VLT, FATHRET
NVBIPIRESN TS, LinL, IR AAE E CIRAEETRRITE R L TR g R o TV 7R —&
RHZET, B RERESEMRLOR: Line of response) b CHIMEZ M H #8315 Z B4 (DRF: Detector Response
function)&72AZ LN FAINA (K 1) 728 FATHRET 056 H TEANIEIAGLI TRV, 2T, AW,
TATRRET VLN ATE OB ERELE ICHE L 72T 7 L L TIRESTO A BT L6 R L, A A—
YT Ralb—varETHIE T, E B LG R R M OBLE G H#REA DOI-PET 2EEIZHE L 7B
VAR BRETT 2282 BRYET 5,

(a)

1 HETZAIRIC LD RIS B O
()TER/NENY) FHE MicroPET 1), ()T # ik 52 REAE B (B Hi 25 D i 22 B 2272 DU #712)
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2. BAETL
LRI BLIE T LTI, AR D v SOTRITRE (sub-LORVZREL . K48 HHiFEF%F > DRF %3545,
% sub-LOR 23R H 3 1% CHRIHENAMEEIT, F i ORI RELE S TN TD sub-LOR ORREERNHEHR T
HZENTED, BARHNCIL, BRIBE RS . EHFE A A.B IZBITD y MORK R L, Ly EAFEF A B I
AFTDROFRFORKE L, L, (K2 BH)ETHE iR AlTRXDO L IcRE D,
h=[{1—exp(~u(L, + L")} = {1 —exp(~pL {1 - exp(=p(Ly, + L))} = {l—exp(=pd,")}] (1)

2. 1 ETRETL
R 2D ZRICEDE L7235 8 (2 B8\ T, DRE 23 LOR FIANZIZIEYS) —CTHHERE TE(X 1(a), DRF 1%
MURDNOBBCRBLSND, Z0LE | K 2R3 T2, 7 BHOMRMFE XD DRF X M RKOFAT7
sub-LOR(A L M) % HWTERIT HZENTE, VAT LV IADEH 4,15 mFEFHD sub-LOR & j/FEHOY

IUNDRDDES [, R RHIEE b, CEAHFL, RLADESZLTHATES,
Mi
ai,j = Zhi,mli,j,m (2)
m=1

2. 2 fEESEETL

B R R A ORI S L0 NS 5EI A R S EOERFEDRS fh(sub—crystalIZ L0 S D L
RETDHE, B FE T %D DRF (M HFE F-EZ D sub—crystal 2755 S? KD sub-LOR & W Tl 452
EMTEDH(K 2(b)), 1% B DORHZARHZEL T s, 5,8 H D sub—crystal & .5 sub-LOR (ZOW T, /& HOE

ETCUVAT LYV R o, ZEHHET D,

S S
ai,j = z zhi,SA,SBli)j,SA,SB (3)

sy=lsp=1

(a) Sub-LORs ],Q,IHM () Sub-crystals ],...SA,,...S

s4-th sub-crystal

Cryg,tal A

rth d:(_etector pair rth d_etector pair

| fth pixel

Cryétal B

Cr};stal B f‘]

1,],54,5B

» v
SN /’?LB’J;SA,SB ’

B2 (a)FATHET Vb)) ESEET L
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3. Ak

BIET VOFHBOT-DIZ, BT H a2 —4 GATE ZHWEEIT —221Ek LTz, v 32l —tar T
T~ A EEL, /N 4 & DOL s 7 my 7 obia B CUARICEE L EEE SARICEE L2
BEEXRELT, P2l —al TIIBGE FRER, A EBRE), MIRIZED y ORI, BELITZEET. 2 Koo
VZIRE LTz, S ATEEEE OB ARG 7 7 A, B T0mm O3y 77 TR EOE—RIBIZEA Imm O AL
#RIEZ 10mm [FIRE TR IRICECE L 72b 02 L, A TEASE OB NI IZEES 32mm Dy 7 TR
FIZFERRICIERS Imm O R Z Smm [EIFE T 11 RBLE LT 7o ba Wz, RIS/ > 7 7T 7 R O#RR
izEnZE 10 %F 1 &5 % 1 &L, HEHEE OREZZEL T IM BLU 2M OIEA Y M TRHfiL 7=,

R RS CIE, SEATRRE T LV E IR BT T WK SEV AT AV NI AL FHEL  BEMIEA L |
T MLEM(Maximum likelihood expectation maximization)=[7]% 1 H L7=, ®IRZE/1%, 18 0.49mm O 7tE/L %
FEIRBABUCEREL , WUATELEE T 80 X80, ANAFIEE TIL 178 X178 ([ZH TV LTz,

PR OBEREMOFREIE, 11 A0 SRR O TR EL, 7K 75 18] 0 - F R (FWHM) O -2l 2 -1 22 1) 53 fif
fie(Averaged resolution): U CEFEL . MABRIBONLEIZ LD HREDIEHL>E AR THIELL T 11 /80 FWHM @
VR 7E % 2 DO SEE Tl T2 %A 25 [ 70 fERE D FE— K& (Resolution non—uniformity) L CEFR L7,

BT T VO RE FE LFH R R HIIM — A7 O BRIZHY | TS E A2 @D HIEEEE A3 ) E§ 2 TS
D, 22T, HATHET MOV T TRROMINE 4 L % 0.8mm, 0.4mm, 0.2mm, 0.1mm, 0.05mm, FEIEk4y &€
TIAZDWTHERR D EIRL S& 1X1, 2X2, 3X3ITHREL, ZNEND | KIEHT-HOFFEREE & SO E
ZE M FRRED X L FE— AR AT E LT,

N,

4. 58
4. 1 ETLDIRSIA—28RE

IMAT PRI 2M AT R T BB BV THATIVE T VST BT T VDT A—F 2 S 1K
W= OF FRFRNC X U 22 5 e L FE—BRIMEZ RO T-RE R A 3 1R, i LBlleT L3 F—&
VIOGRHEETIE, WED Y MNZELT R m Z R LTz, £o, WEAT M IM D 2M &5 2 & T 22 [ 55 fiF
REE— BRIV NG I ELTZ, DI Tl 2M AT N COREREFIH T 5,

VUM AL B IS D ATHE T AT, X 3(a-1DE(a-2)8Y sub-LOR OEIFEAS 0.2mm LA R ClI 22 [ 4 fig
REL —ARMERNZIT BN DTEMND, 0.2mm e LTz, Fio, IR EIET L TlE, 2X2 551 3X3 55H
TIL B ZE M I RAEIZZE DR, 3X 3 EIE T 52 LT HRENHK) 28% 1] L9572 3X3 4y EI% fe i
LT, ENENDOFR AR T D&, H S FIET LV TITEATHRET L ORI 4 {5 Tho,

WIS, AATBEREICOWTH RS, ] 30b-1DEb-2)07 57 X0, PATHRET /L TiE 0.2mm ZHiEfEeE Lz,
— 7 BRI BT VIR 2SI ARAE . —RRMESDIC 2X2 3EIL 3X 3 EITIIE DLW, 2X2 4y
Bl fEfEE L=, MET LOFEaANIZIERT THD,

4. 2 BAETILOKRE

VAT S E d LOS AR EEIZB O T, IM AV RB LD 2M BTN TO 2 DOBLIIE T M KD 22 7 fig
RED B EIE—BMEZ R 4 R T, WARIEEICB W COHTRET VEBEB D EITT V& T 5L,
T2 FRREIT TN T E AL ZEIT7R R | ZE A FRRE D —RRME CITFEI O BIET A0 IM AT T 18%. 2M 1Y
VIT40% BV R AR UTZ, — 5 NATBLIEE TIXEATRET VERWDIET, —kRIEDR IM IR T 22%,
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2M IR T 18% B Wi RA R LT,
2 DDOETF )V TLE R S e

D—ARIEDENFAE L7 DI AT ELE

ET 2M AU ROSGATOFEREIRE, K

SEHBEOT T 7 ANERK 5ITRT, 2 OODFT NDT a7y AV E T HE ., FBESETT LV E WAL TH

FIROE — ZEDOIXE S ERIHISND LN R TET,

PLEDOFERID, AT E CIEZL<OMMFE TR N T y BOAF O FLAZ AN KENZ L F1-X5HH
DORRBENHE N DD, f“Jr?S?b IART Dy BEIVELET ML TEDLHEIR S EITT AT HEHEH &5,
— 5. SAREEIIINARERL LT FOV BHARK 2 B THY, fEdaE TR0 RIABAB/NINT EMnD
FATHET VDT 2B 6N,

- -0 - -Parallel sub-LOR model (1M count)
— O~ Sub—crystal model (1M count)
@ Parallel sub~LOR model (2M count)
B— Sub-crystal model (2M count) *Pentium4 2.8GHz single processor
(a-1) (a-2) (b-1) (b-2)
1.8 04 03
17 5,035 - q}k e - »
gt ‘g 03 3 D\“\:_ _________________ .. ‘g .
:;1'5 Eo.zs :;1‘6 POUPRE S ° E
E 1.4 e . § E 15 .\; §
: = L :
g3 LT e Sla g
El’ S ¢ Zos iﬁ -T;
o nqé ol 13 é ot
| 0.05 12 S —— 0.05
0 20 40 60 8 0 20 40 60 8( 0 60 120 180 240 300 360 42 0 60 120 180 240 300 360 420
second/iteration second/iteration second/iteration second/iteration

3 IM AT MBI 2M AV N TEATHRET M(AL=0.8, 0.4, 0.2, 0.1, 0.05mm)&

pﬁszxxilj%?‘ﬂ/(l X1, 2X2, 3X3 DEND T A—ZEIESE 1 KEHTZ0D
YRRE. (a—2)Z2 %y
(b- 1)) 22 K1 53 AR RE . (b—2)22[H] 53 g

IU 4 T
AL

BB (a-1) VI ZE M 5

AT
S D

(a)1M count

'Z:‘ 2.4 | | Averaggd resolutiqn . 70.24 .
g Resolution non-uniformity =
s — T g
g 2.0 : 02 &
= : E
= . =
2 1.6 | 0.16 §
g ' =
1

=] | g
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A A LTZPETAF v — D F7e bz 2-1 1, EEO G EE Fig. 2-1 1R T, WE@ELbICT —4
WAEITSDE—REHCTIERO T —XIFVANE— RN TRIFSND, 7 —ME BII2RFA T ATRETH D,
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% 241
microPET P4 microPET Focus220
Crystal Material LSO LSO
Detector Diameter (cm) 26 26
Axial Field of View (cm) 7.8 7.6
L=l g:::‘nt;en't:f Sy 10,752 24,192
Crystal Size (mm) 2.2x2.2x10.0 1.5x1.5x10.0
Packing Fraction (%) 80 92
Number of Slices 63 95
Slice Pitch (mm) 1.215 0.815
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