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Which imaging modality provides the highest 
RSP accuracy?
• Photon CT

1) Single-energy CT

2) Dual-energy CT

• Particle CT
3) Proton CT

4) Helium CT
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Reference RSP measurements

• Samples in 3D printed containers
• Placed on a 3D printed holder and 

a translational stage

• PTW PeakFinder
• Adjustable water column for peak 

detection measurements

• Clinical carbon beam
• Narrow peak, low scattering
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depth dose curve
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Estimating RSP maps from SECT Images

Calibration
• Schneider, U., Pedroni, E. and Lomax, A., 1996. The calibration of CT 

Hounsfield units for radiotherapy treatment planning. Physics in 
Medicine & Biology, 41(1), p.111.

• Calibration phantom: Gammex RMI 467 electron density phantom
• Reference tissues: White and Woodard
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Estimating RSP maps from DECT Images

Calibration
• Bourque, A.E., Carrier, J.F. and Bouchard, H., 2014. A stoichiometric 

calibration method for dual energy computed tomography. Physics in 
Medicine & Biology, 59(8), p.2059.

HU 1

HU 2

RSP
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• Parameterize the CT number u as a function of Zmed and the electron density 𝜌e

• Parameterize the effective atomic number Zmed as a function of the dual energy index 𝛤

• Calibrate (find parameters ck and bm) using tissue substitutes with known densities and 
compositions

• use parameters to find Zmed and 𝜌e per voxel in a patient scan

ALLO ALLO
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ALLO ALLO

find 
parameters ck

and bm

Zmed

𝜌e

Estimating RSP maps from DECT Images



Zmed

𝜌e

• Parameterize the mean excitation energy I as a function of Zmed
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• Parameterize the mean excitation energy I as a function of Zmed

• Calculate the RSP from I and 𝜌e per voxel using the Bethe equation

Zmed

𝜌e

RSP
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Proton and helium CT collection

• Particle CT directly samples energy loss
• Image blur due to non-linear path of protons
• Helium ions are investigated 

Tracking of 
individual particles

Multi-stage 
scintillator
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Photon vs. Particle CT



Particle CT



RSP



Conclusion

• We present a first comparison of photon and particle CT for RSP 
estimation based on fresh tissues

• SECT is highly biased in low- and high density tissues

• DECT offers high accuracy

• Proton CT is currently limited by ring artefacts

• Helium CT provides good RSP accuracy and low noise

• Mind the maturity of systems!



Acknowledgements

Sample preparation
Photon CT
Beam time

Particle CT equipment Data processing algorithms


