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Simulation study of proton radiography based on pixel sensors
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Abstract: Using high-energy proton to image the region of interest can directly obtain the accurate estimation of the proton

stopping power of the lesions, which is of great significance to reduce the range uncertainty in proton therapy. As a

fundamental function of proton computed tomography (CT), radiographic imaging plays a crucial role in assisting clinical

positioning. The study develops a compact proton CT detector based on an active array pixel CMOS chip in Monte-Carlo

simulation toolkit Geant4, and evaluates the radiographic imaging capability of the system using 180 MeV protons. The

signal-to-noise ratio is improved when using 2° proton scattering angle cut-off value. The spatial resolution is 3-4 lp/cm
potential for imaging common human tissues

angles of tracks are successfully reconstructed. CTP404, CTP528, and the CTP515 of specific materials are used for

simulation, obtaining the spatial and density resolutions, and measuring the proton relative stopping power (RSP). The image

measured using CTP528 module. The density resolution is better than 0.05 g/cm’, and the RSP resolution is within 5% when
(BB | EZK A RRAE

3
CTP404 module is used. Through the imaging of CTP515 phantom of specific material, it is demonstrated that the system has
Keywords: proton radiography; Monte Carlo; pixel detector; scattering suppression
[ 75 B # 12024-04-05

(1232033)
(EE B A 12000, AL, BT

g =

AEFE4:(12205374) ;L 5T AR B

JLOl,

e

]

[

BESE Ty 1]« R 2= )3, E-mail
liminghui82@126.com; BREAS 1058 A4, BF9E 7 1) - %
BRAG LR 2 — VR )
[EEEE]TER

09T A H AT Ak e i g URE T HOR
SR, Z—, 5T R RYT A L BRI T AE R
$ ARV I E-mail: myoontyeechen@yeah.net (ZEWIE S T 204 7 T EAT B EHRH . HIRIK EAAAETE 2 K
& R TSR RS 80 5, N2y sk, H
el TR B T340 0 R X-CTR R . X2
BUBEEH , E-mail: qdniul984@163.com Yy ot kA= AH B AR L] 5 A AR BT X ), B CT



9

- 1065 -

W HU {H 2] 52 5 48 % BH 1E B8 77 (Relative Stopping
Power, RSP) 1) % 4 32 % v 4y >k 19 ot - 5 72 AN 1
JE 75 58 8 %5 B 5 RE 0 R OR A A 4 ] s
10%. XF T H AT EART-BOmi 7, H g o 1 A X
S S R 2 A 30 SR DR E b 978 B 4 B 55, SR 2 P
T B 2 fi B 2H R0 it R AL AT CHR BR
AT R AR BT Lk X R T S L g
% T 4 AR AT AR b DX O] BT 6 R ARORS A A 3
I /N BT 5 R B A e R P 5 N AN A A B, R T
W TIRITROCR T KR IR LR R
(=9"as

1963 4F , Cormack"* 4 i F HI Bt 1 SR 455 115 4L
W 2= 4 Al R R AT AR R R U . B S, R
Steward Fll Koehler J* 1973 43K 15 5 — 5k Jit R 1
R . 2, B PR L4 80505 R F 2 22 1F
W INFRR AR R0 R 55 2 Fh A0 2% |, 38 2 )
I AR U YR TS TR 4y e SR R R
HEAT BT WG AH DG 5T, I R AT AN [R) B 1A 1 1l 15 45
SR H R A7 BT 22 F R SO AT S AR N
FE M, GBI TR I R SR

YER CT R — A S IEA T BE | 325 3 LR A
TV REREE R AR R B BE 55 N SUTE T2 A
I T AR AR P B SR iBCE iR, DA R
4 (] I e 8 A 4l L Al ) 45 1 B i 1
Fl. AR —ERETHER O NZENRE
RV F CT G R G0, i F B A TR 9 n
BT PRI R G 25, vT LLSE B 7 A2 00 RS i
0ok 5 EE 38 TR R 5T U A RE X HIC
TR AT O , B A1 2 F HOE 2500 1 5 ), S 3L
Fi%5 5 2Ll 4% (Proton Radiography, pRad) , kW21
R HEE O B B B E B . A, AR AR
APy H CATPHANG600 F 51 A JLASFR AEBLH X 2R
Gk RE LA S UG 25 R A T ITAR

1.1 JL{a 4544
REVAREE AN 1 R, Hrh 3 R S5
TN J2 FIG BRI 25 W3R 43224 ARl 2% el
TR AR LU0 2 AP0 J2 5 7 e 2 A PRI 2
AR, BRI 2 AR S R DA A SRR
e FH A ) ) M DA R 20 N ERINZ R R, Herp B4
PRI A B R RS M. gt Blifi 22
PRINZ IS 2 R, PR 285 T IRy 2 24580
JEFAMERR G, S A5 1L AR SRR 28 19 .

Beam Source to Origin o
Im , Length of Digital Detector

Detect Space 08.1 mn
150 mm——1

Proton Beam =

Upstream Phantom

Digital
Detectors

Detector

Bl RFEEEETERE

Figure 1 Schematic diagram of the proton radiography system
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Figure 2 CATPHAN 600 modules
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Figure 3 Reconstructed scattering angles distribution of protons

when passing through CTP486 module
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Figure 5 Imaging results before and after scattering angle cut—off

value setting
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Figure 7 Modulation transfer function curve of CTP528 imaging
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Figure 8 pRad imaging result of CTP404 module
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HAYTZ e DIHRSP  ZH RSP i /%
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6 Acrylic 1.112 1.161 -4.21
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Figure 9 pRad imaging result of CTP515 module
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