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PET & SPECT

B BRI FR
EEES- 72— XKH
18F 110 m Tumor/Myocardium/Brain imaging. Glucose
PET 511keV imaging
150 2m Oxygen consumption, lung function etc.
=l e 6 h 141 keV Brain, thyroid gland, blood flow, tumor, etc.
SPECT 123) 13 h 159 keV Thyroid function, cerebral blood flow, etc.
Mn 28d 171, 245 keV bone marrow imaging, inflammation , etc.

PET&IEDI®I+— = 511 keV
SPECT&IEDIXIL+— = a few 100 keV
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12/2014
PSA = 2,923 ng/mL

7/2015
PSA = 0.26 ng/mL

9/2015
PSA < 0.1 ng/mL

Kratochwil et al. J Nucl
Med 2016:;57:1941-1944
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Nuclide Halflife B-ray a«-ray X-ray ) Clinical application
kev) (Mev) (kev) YT eV)
151] 8d 606 364 thyroid cancer, etc. -

77lu 6.73d 497 113, 208 neuroendocrine tumors, etc. m"g
223Ra 114d 5~8 154, 324 etc. prostate cancer, etc.

2>Ac 10d 6~8 218, 440 etc. prostate cancer, etc.

211At 7h ~6  70-90 | 570, 687, 898 pheochromocytoma, etc. e
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PET
(Positron Emission Tomography)

Detector

FDG-PET
Glucose Accumulation

1 Malignancy Diagnosis

[1] Shimazoe, Keniji, et al.
NIMA 954 (2020): 1614909.
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PET imaging

Compton-PET hybrid camera
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B BF-FDG(PET) and Na'3'I(Therapeutic) in vivo Imaging
PET imaging Compton imaging Compton imaging
(511 keV) (18F-FDG 511 keV) | | (Na''l 356 keV)
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NHRI1(CZ) NFZ
Chip Si . . —
s | Gomns XRPIX2b(/NEL 7/ A )
Pixel Size 30 Um sq.
T T @ FH S EFEEMT 2013-20194F
fofpixel ™ | 152x 152
Effective Pixel 144 x 144 (= 20 736)
v e HV=5V
ective Area 4.3 mm x 4.3 mm 5000
Thickne}s:(:rf Sensor 250 um 500 um ' ' I ' I
— g = 1.2 keV@13.8 keV
Resistivity I5kQ-cm | 5kQ - cm
Powii*iipply 1.8V @ Core/33V@ 10
Back Bias (sensor) 5-500V < 1500}
» 6.0 mm &
mm___ =
£ 1000}
= -]
=1 o
ol2 O
f',’ ¢ 152 x 152 Pixel Array
= § 1Pixel = 30 pm x 30 pm 500}
218
15 Column Address Decoder 8 leV
Column Shift Register (152 bit) — 0
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S <o Pulse height [ADU]
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Absorber detector . .
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CZ wafer Vbias=5V room terﬁbe}é'ture integ.r'a{ib—n‘time = 1000us Trigger mOde (25 X 25 pixels )
| pattern readout

/750um x 750 um

keV

keV
Y pixels

Y pixels

Xplxels ~ Xpixels
Shimazoe, K., et al. "Electron Pattern Recognition using trigger mode SOI pixel sensor for Advanced
Compton Imaging." Journal of Instrumentation 11.02 (2016): C02030.
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XRPIX2b + GAGG-MPPC Compton Camera : ===t vty

210 [ Start point A
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Yoshihara, Y.-, et al. "Development of electron-tracking ‘C)‘bfnpton imaging system with 30-um SOl pixel
sensor." Journal of Instrumentation 12.01 (2017): C01045.
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Alpha classification Beta classification

‘Gum'm o 00 Detector Plane
Method Pixel Size SPD (alpha) SPD (beta) \ T 7 :
MLP  10pm 68.8° 41.2° e
MLP 30 um 79.1° 35 go - a——— o
Electron

CNN 10 um 57.50 36.30 Trajectory
CNN 30 pm 73.0° 35.6°

z 1 > --we:.\ - vl Leseesssssscesssssssesesss
09 u— w/o ET : .
j N S [ —— x.2 : Flattern
08 08 \ 5
- | | \ .................... : Dense :
2 [ ] : Convolution : : : : o :
0s 06 - B | : i 2D : : :Max pooling: i Activation g
Zos % R 2D : : :
< % : Activation : : 5 : Dropout
e ' P : : :
= s %“& Do : i : Dropout : - Dense :

b o [nput : P : : i : Output

o2 ) L x% °o°D° "xx PUL. | | Gecsmmenans Sawmumsmnms Activation p
) %ol % &'W“ O e :
with electron tracking without electron tracking ! %0 60 40 20 0 20 40 60 80
posiomynm) Figure 3. Diagram of convolutional neural network used in this machine learning.

Shimazoe, K., et al. "Simulation study on SOI based electron tracking Compton camera
using deep learning method." Journal of Instrumentation 15.02 (2020): C02010.
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XRPIX2 Y —ZDOXHEBERF
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Iﬂ' - ma}ﬂj LIEW - FYTHAX 246 mm x 15.3 mm
‘SEABAS) (B%h#EE - 21.9 mm x 15.3 mm)

. E2EILTAX 36 umA

/’ - E7t)L# . 608 x 384
. EYHEE 310 um (C2)
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Large area X-ray SOI sensor + GFAG - GFAG
scintillator (C&A
g A Sensor information corp.) 8 X8
g | - Chip size : 24.6 mm x 15.3 mm
X (Active area : 21.9 mm x 13.8 mm) Pixel size :
2.2, - Pixel size : 36 ym sq. ' 3
_ Pixel number : 608 x 384 (= ~233k) 25X 2.5X5 mm
- Sensor thickness : 300 ym - 500 ym ; = :
| Haer AR BB > RESERE | IR 1
il N | - : | :
: N i
. 5.3 % (FWHM) @13.9 keV
Bias Gen. 3 180?—10
_‘ — VB 1601 ASIC power supply (2.5V, 1.25V)
e e PREDEE TR o 17.7 keV © ey B
§ 80; — 104; E:"_:; ; Energy
of- 740 eV /\‘ N — s 1 |Energy [keV] |resolution
o 20.8 keV Bl (FWHM) [%]
2of- J Swz"wl% N A | [122 18.2
°o_”"51" 0 15 20 25 "slo“' 315Q 40 ? E 511 1.7
« Temperature : 0 deg et b LY B
: Gain corrected - m m 1112745 5.6
* Vdet : -25V (nOt fUII depletlon) 1506“1‘0@‘}!00' IZIOOI()]JZI!!OJOJ :;LOBI I3l50L0I l4100I0I J4500 If;;OO

ToT width [ns]
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— GFAG detector (absorber)

=

Scattererl 3

(]jsféoukr;ev ) O S ; XRPIX? (scatterer) -q..«,\‘

35 mm A= ?.."._; 99mTc Source
Scatterer? . =Ny wa A
2 N XRPIX7 (scatterer)
19 mm ey N
_ AT T GFAG detector (absorber)
2 4 »1‘(- e ~//
* Temperature: 0 deg e

* XRPIX Bias: -25V * Activity: ~1 |\/|Bq
* SiPM Bias: -55V * Measurement time: ~12.8 h
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140 SkeV AT A X—22T AE D RREE R
30 _
: _ _ . SOI-GFAG GAGG
20 > _ o Ln;:gg;gn Compton- Compton-
- = PET PET
10 40— ' efficiency .- era camera
= 2 b ~12.7 (FWHM) 140.5 keV
g 0 o °F  degree Compton  |4.3 x 10
- 0 B imaging
-10 200 511 keV
- Compton 1.7 x 106 |7.0 x 104
20 10— imaging
_30 —05:“.—4I I— —2 —1IIIIIIIIIIIIIII IIIIIII
30 20 -10 0 10 20 30 o020 g e
X [mm]
Reconstruction parameters .
* MLEM* BIRILF—H > YR (140.5 keV) D
® Iteration number: 100 > N> oA X— 2T (2RI
* HhkeV < Esca < 20 keV
* 126.5 keV < Etotal < 154.6 keV *Maximum likelihood estimation method
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EERRAT

m=== °/'Co

30 mm
H XRHAHIX11 XRPIX-DAQ Event data
REL I 200V SEABAS (Event number etc..)
PCA1
I 12.mm Ogtput signal 1 :
Output signal 0 : Trigger, Event number /%
IR A HR-GAGG 4 mm Reference signal PETnet
> : : L
- Channel, Time width, Timing info PC2
64 ch SiPM signals - eAeh o Sign?s SRS
dTOT TOT-DAQ
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HR-GAGG (4mm/E)

XRPIX11 3.2 mmEyF8x8




HR-GAGG-SIPM Energy spectrum (Co-57)
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T
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IRIF—IEE(GAGG, XR11)

Illllllll]llllllllllllll]

| 10%@13.8 keV
|

17.7 keV

is i‘| ‘
o { i ,M b |
1 l 11 I 1

h_onepix_event

Entries 34621
Mean 614.5
Std Dev 2149
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-200 V @ room temperature

1600 1800



'}

- XR11-GAGGIYThohx5  rUlokyo

—

R IOE(JM1>>7 2 X)

BEfZEZA NS A timestamp(XRPIX11) - timestamp(HR-GAGG)

) Time Differe_nce Histogram (Coincidence Timing)
. [ Data
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Es + Ea ST IRILF—ARTNL

—7 Histogram of Es+Ea

122 keV £10%

Counts
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BERSEMF (DRI — RRgIERSt)
5 keV < Esca < 12.6 keV, 15.4 keV < Esca < 30 keV
Esum = Esca + Eabs = 122 keV £ 10%
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ARM Histogram with Lorentzian Fit 10% @ 13.8 keV I;?\) L#—ﬁﬁgﬁgd)%%

Events: 5829, Center; 1.05°, FWHM: 18.17°
550 L 1 Data AB(K) for Compton scatter: 122 keV vs 511 keV

= | orentzian Fit (FWHM=18.17°)
-- Mean: 1.07°

=
N
T

EO = 122 keV
EO = 511 keV
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IGEBE . U JBIDAAXA—2 T AT LADREEE
Compton-PET hybrid camera FvIEREDAQS AT LADNMNEE (BRXK - {k7#)
XRPIXFv TEWR FPGA-based DAQ “SOlnet”
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