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In-room PET: IGERRIES
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In-beam PET: DoPET
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In-beam PET: Open PET
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Assembled real system

Multi-slit collimator based
on Tungsten alloy

Uo

SiPM board ASIC based

\ Detector based on (front) detector readout
\ BGO and SiPM .._'_'_'_'_'__'_'_'_:::::::::::::::::::::::;:
\ i From ASIC  JEEl 1 :
: L X Power :
1 From ASIC St | % ; supply 1
i : 1
1 1
1 1
1 1
1 1
: ToPC :
o o a 1
Data acquisition i Digital processing board for :
electronics ! AD and data acquisition H
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Detector design based on BGO and SiPM

Detector module BGO block SiPM array

« Crystal pixel size: 3.5 mm X 3.5 mm X 30 mm

« 30 mm BGO: ~60% detection efficiency for 2~8 MeV gamma
« BGO blockssize: 12 X 12, SIPM array size: 8 X 8

« Each detector module contains 2 X 2 BGO blocks

« Whole system: 6 X 5 detector modules used

26



System electronics design
e Detector readout electronics

Standard Outputs

e e || Anger logi
1 ’ network

Detector readout based on customized ASIC-EXYT

« Data acquisition electronics

E, XX

FromASIC SRR A RN M i R
E, XY ! : o = Pow:
From ASIC ER pply

To PC .

Digital processing board (DPB)

12-bit, 80 MHz ADC for digitization

&8 64 Ch ASIC
SiPM Array
DAC | _'"\‘_\
0 N[ o come A L
Fast C{rlputs L~

of E, X and Y signals from ASIC
Each DPB handles 2 detector

modules

Total 15 DPBs used for the whole

PGI system

Zhu, Xuezhou, et al. IEEE Transactions on Nuclear

Science 2016
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System performance evaluation:

Assembled PGI system without
radiation shielding components

’’Na point source (14.3 nCi, ¢1.8
mm)

Energy window: 1275 keV x 20%

Three different source positions,
10 min acquisition for each
position

2 h background radiation
acquisition for background counts
correction

Source-collimator distance: 250
mm, Collimator-detector distance:
375 mm

FWHM resolution calculated for x
and y directions from
reconstructed images

experiment

3D translational stage
22Na point source

Multi-slit collimator

25

12} — Background radiation
% 2t — 2Na point source
O
- 15}
8
| S
€ 05 €— Energy
o . [ -
> : window
0 =
0 500 1000 1500 2000 2500 3000 3500 4000
Energy (keV)

Measured energy spectrum
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Results: point source experiments

Pixel Y index

Pixel Y index
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Pixel X index

X direction
Y direction

Pixel Y index

Y Position(mm)

300
20 250
40 200
60 150
80 100
100 50
120 ; i
20 40 60 80 100 120 140
Pixel X index 5
75 x 10
6
(D -
25 r
) . C 0B
)
-25 A B )
-75 © © g 0
-100  -50 0 50 100
X Position(mm)
1.62 1.53 2.56
0 1.56 1.

« A-C: measured
point source
projections for
three different
point source
positions

 D:
reconstructed
point source
images

« Achieved spatial

resolution: <3mm
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Results: proton beam simulations
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A-E: simulated projection for point sources A-E

F: reconstructed point source image

Average spatial resolution: 2.07 mm (X), 2.58 mm ()

0.015

-75 0
-100  -50 0 50 100

count level: 10*
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= count level. 10°

0.01(| —gruma e | ||| Wj

0.005}.4
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-POO -50 0 50
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NGy (@)

s
a-c: simulated projections at different count levels
d-f: reconstructed PG distribution

g: PG profile in x direction
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100

System sensitivity map @4.44 MeV

Y position (mm)

2.5
2
’ 15
-75

-Ioo 50 0 50 100
X position (mm)

0.251% @ FOV center
0.200% averaged over FOV

Count | MDEP,, MDEPRyse
level (mm) (mm)

104 0.44 2.29
10° -0.04 1.45
106 0.29 0.76

Improved RMSE with higher
count level

Good Bragg peak positioning
performance even at 10 count
level

x 107
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Conclusions/Future work

A PGl system for proton therapy monitoring

— Multi-slit collimator

— BGO + SiPM for 2-8 MeV prompt gamma detection

— Hybrid system response modelling for image reconstruction
Initial detector and system performance evaluation with
Monte Carlo simulations and experiments demonstrate
its feasibility for prompt gamma imaging

— High sensitivity: 0.25% @ FOV center

— High spatial resolution: <3 mm

— Good Bragg peak positioning capability: 2.29 mm @10* counts
Future work: system performance evaluation with high
energy gamma isotopes and in real proton therapy
facility
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