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A high-speed CMOS-camera and two plastic scintillator blocks (BC-408) Figure 3. Ranges measured by the scintillator versus multi-layer ionization chamber (Zebra) device for
were used to acquire ultra-high-resolution scintillation images (0.08 6 different beam energies; (a) scintillator vs Zebra; (b) measured difference between vaults 1 and 2.

mm/pixel) and characterize proton beams. Longitudinal dose-profiles
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positions and widths were measured utilizing a 30x30%x0.5 cm3 plastic-
scintillator perpendicular to the beam direction while a 45°-mirror
reflected the scintillation images onto the camera sensor. A plan
consisting of 25 spots (5x5 array, 3.5 cm spot-spacing) using Rmax of

Figure 4. Pencil-beam widths (mm) in y-direction measured by the scintillator at different depth of
penetration. Six different beam energies delivered at 4 different air gaps were tested ; PB widths at (a)
1 cm depth; (b) half of the programmed range and (c) at Bragg-peak position.
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Figure 5. Pencil-beam width difference (mm) in y-direction measured by the scintillator at different
| | | depth of penetration. Six different beam energies delivered at 4 different air gaps were tested ; PB
Figure 1: Schematics showing our

scintillation imaging techniques for (a) widths at (a) T cm depth; (b) half of the programmed range and (c) at Bragg-peak position.
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Thousands of images were analyzed to verify the equivalency of the two
machines. Range measurements compared to those using a multi-layer-
lonization chamber as well as relative comparison between the two
synchrocyclotrons revealed that the measured ranges are within £0.5 SUMMARY / CONCLUSION
mm. Bragg-peak widths were within £+0.4 mm, distal penumbra widths
(80%-20%) were within £ 0.3 mm and the pencil beam widths were within
+ 0.1 mm. Spot sizes were within £ 0.4 mm, and the spots’ positions were
within £ 0.8 mm indicating a close agreement between both machines.

Figure 6. Bragg-peak width differences between Vault 1&2 for six different incident energy
beams delivered at 4 different air gaps; (a) 90%, (b) 80% and (c) 70% of their peak heights.

Scintillation imaging is highly efficient for simultaneously extracting multiple beam
parameters of proton therapy pencil-beams. Traditional methods only measure
one metric at a time while our scintillation-dosimetry-system allows acquisition of
several beam parameters simultaneously, minimizing beam-on time on the

machine.
d Distal Fall-off (80% - 20% width) b Distal Fall-off (80% - 20% width)
5.20 Y 0.30 o
Xtn_3.
5.10 @ O Extn 13.6 . 0.20 - g o REFERENCES <
E 5.00 8 O Extn_23.6 £ 0.10 8 8 ) 8 8 1. Goddu, S.M. et. al, Pulse-by-pulse ultra-high
= 4.90 % O Extn_33.6 g 0.00 g o SEin 36 resolution scintillation imaging of proton FLASH
.1;3 480 % $ _0.10 O Extn 13.6 beams produced by a gantry-mounted CANCER CENTER
8 5 e A O Extn 23.6 synchrocyclotron, Phys. Med. & Biol. 70, 2025, p 1-10
4.70 -0.20 o O Extn 33.6 2. Goddu, S.M. et. al. , High spatiotemporal resolution
4.60 -0.30 - scintillation imaging of pulsed pencil beam scanning
0 100 200 300 0 100 200 300 proton beams produced by a gantry-mounted b L
Range (mm) Range (mm) synchrocyclotron, Med. Physics, 2024, p. WaShU MEdICI ne | Healthcare
3. Goddu, S.M. et. al, Synchronized high-speed
Figure 2. Distal penumbra (80% - 20%) at different air-gaps for programmed ranges scintillation imaging of proton beams generated by a W h U M d R dO
from 50 mm to 280 mm; (2a) distal fall-off in mm and (2b) difference between gantry-mounted synchrocyclotron on a pulse-by- @ as e a nc
vaults 1 and 2. pulse basis, Med. Physics, 49 (2022), p 6209-6220




	Slide 1

