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Proton beam range verification algorithm for pixelated prompt gamma-ray imaging detector
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Abstract: In proton therapy, prompt gamma-ray imaging is considered as one of the most promising methods for assessing
proton beam range. Prompt gamma-ray imaging detector evaluates the proton beam range based on the prompt gamma-ray
distribution obtained by the prompt gamma-ray imaging system, which enables high-precision measurement of the proton
beam range. Herein a proton beam range verification algorithm is designed for the newly developed prototype of the range
verification detector (pixelated prompt gamma-ray imaging detector), which verifies the range estimation accuracy of the
prototype for different phantoms and different energies of homogeneous media through Monte Carlo simulation. The results
show that the accuracy of the proton beam range verification algorithm is within 0.5 mm of the safety margin error of the
Bragg peak, and the measurement accuracy is significantly improved with the increase of the number of protons, indicating
that the prototype algorithm is feasible for proton beam range verification.
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Figure 1 Relationships of all particles produced by proton into

water phantom and relative doses
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Figure 2 Pixelated layout diagram
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imaging detector

S 2 ESRES

Y o —

4 B3 {0 5 Ak A5 IR0 25 0 40 )

Figure 4 Side view of prompt gamma-ray imaging detector



- 284 -

N e

A2

5 FLUKA (A E&#&
Figure 5 FLUKA simulation modeling

JEAIHLAR Y £ (Field Of View, FOV) i PPGID (1
JUfrZ e, WA (1)~ (3)

FOV:a+2(de) (1)
tan0=% (2)

tanf H
X FHAER, FOV il H AL o IR d |
WAL SE HIU S8 . 25 ik B 5 ) i 24>
B, FOV L Hh i B ALIAIEE 4 FJe f 0. X2
BODLETER 1 sl WFERT b, A R Y B AR AR
il B )2 15 cm,

FOV=a+2(A x“) (3)

=1 FRENSH
Table 1 Prototype parameters
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Figure 6 First—order derivative fitting algorithm
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Figure 8 Prompt gamma spectrum in water
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Table 3 Simulation results for water phantom

BEIE/MeV  ARHIAZIEN B/em  THE SR /em  4aXA2E/cm
70 4.05 4.04+0.002 6 -0.01+0.002 6
90 6.38 6.34+0.006 4 -0.04+0.006 4
110 9.11 9.09+0.003 3 -0.02+0.003 3
130 12.25 12.20+0.004 5 -0.05+0.004 5
150 15.74 15.72+0.002 3 -0.024+0.002 3
170 19.57 19.53+0.004 9 -0.04+0.004 9
190 23.72 23.68+0.003 4 -0.04+0.003 4
210 28.16 28.17+0.002 9 0.01£0.002 9
230 32.88 32.88+0.006 4 0.00+0.006 4

= 4 BRI ZERRIEIIEE R

Table 4 Simulation results for ethanol phantom

BEH/MeV  APIAIEN FE/em AR /em  AXFRZE/cm
70 4.94 4.98+0.002 4 0.04+0.002 4
90 7.75 7.78+£0.002 4 0.03+£0.002 4
110 11.10 11.12+0.004 3 0.02+0.004 3
130 14.92 14.97+0.004 0 0.05+0.004 0
150 19.18 19.20+0.002 3 0.02+0.002 3
170 23.87 23.89+0.003 4 0.02+0.003 4
190 28.93 28.95+0.005 4 0.02+0.005 4
210 34.36 34.40+0.004 4 0.04+0.004 4
230 40.13 40.16+0.002 5 0.03+0.002 5
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