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• Objective

Prompt gamma (PG) imaging is a promising modality for proton dose verification. Currently, there is a lack

of effective tools to investigate the entire PG imaging process in patient anatomy, from PG emission to

camera detection and image reconstruction, to evaluate and optimize its efficacy for dose verification in

proton therapy.

• Approach

To address this gap, we developed a Monte-Carlo package, POLARIS J Monte Carlo (PJ-MC), that

simulates the entire PG emission and imaging workflow in patient anatomy.

• Main Results

Mean absolute percentage error analysis showed that PG range verification was more stable when

considering the range at 80% or 50% of proton range (Dmax), as opposed to the range at the Dmax, where

energy gating slightly improves accuracy but may reduce localization due to photon loss.

• Conclusion

Results showed that patient anatomy can impact the location of hot spot in the PG images, affecting its

accuracy for localizing Bragg peak.

• Significance.

Our simulation package provides insights into PG emission and imaging in patient anatomy and serves as a

robust tool for evaluating and optimizing PG imaging, enhancing its precision for dose verification in proton

therapy.
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Main Results 

• The classification of tissues into four density regions (TDR1-TDR4) revealed significant anatomical 

influences on PG emissions, particularly highlighting the contribution of bone (TDR4) and soft tissue 

(TDR2) interactions in shaping PG spectra. 

• PG-based range verification was assessed using MAPE analysis at 100% and 50% of the peak value of 

maximum proton range (Dmax). While EG slightly improved accuracy at 100% of Dmax by reducing MAPE 

from ≈15% to ≈7%–8%), the 80%–50% of peak value at Dmax region showed greater stability

• The findings of this study highlight the critical role of patient anatomy and tissue composition in PG-based 

range verification, as slight shifts in gamma hotspots appear due to prominent PG signals from denser 

regions during proton traversal.

• The PJ-MC package provides a robust platform for evaluating PG emissions and secondary gamma 

interactions in a clinically relevant setting. 
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