Feasibility of Pair-Production Positron Annihilation Coincidence
Counting during Photon Radiotherapy
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INTRODUCTION

 PET imaging of positrons generated from radioactive species activated during charged particle radiation
therapy has been studied and has progressed to clinical implementation for treatment verification and in-
Vivo dosimetry.

* This inspires motivation to bring this to megavoltage radiotherapy, where positrons are produced through
pair-production interactions during treatment, requiring imaging while the beam is on.

* The main obstacle to implementation is the large photon flux, potentially saturating the scintillators.

* This work begins to address these challenges by investigating the conditions under which a coincidence
counting experiment could be performed inside a linac vault.
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Figure 1. Overview of the imaging workflow.
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Figure 2. Schematic of concrete vault shielding included in simulation, each Figure 3. Simulation geometry built
side is 3 feet thick in GATE. (shielding not shown)
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Figure 4. Monte Carlo scored depth dose curves in water  Figure 5. Monte Carlo scored photon energy spectra entering

cube, 10 cmlx 10 cm and 1 cm x 1 cm field sizes. detector, 10 cm x 10 cm and 1 cm x 1 cm field sizes.
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0.0101

10x10 cGy 1.54x101 3.56x10° 1.04x10° 18.5 0.92 ps
0.78
1x1 cGy 1.5x10° 3.47x10° 6.81x10% 0.118 3 ns

Table 1: Summary of results from calculations estimating the average time between photons entering a detector inside the
linac vault.

CONCLUSIONS

 Under these conditions, the simulated count rates exceeded conventional scintillator

limits.

» Ultrafast scintillators, such as BaF,, with decay times below 1 ns, would make this

experiment possible fora 1 cm x 1 cm field size.

» Additional measures, such as shielding or collimating the scintillator and a smaller

phantom, would reduce the expected count rates and improve experimental viability.
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