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Range uncertainties in hadron therapy

Ion range uncertainties in hadron therapy may arise from [1,2]:

• patient mispositioning
• changes in patient anatomy or tumour morphology

• the conversion of Hounsfield units to ion stopping power For proton therapy conservative margins are often placed on the Planning Treatment Volume (PTV), which may be as large as a centimeter for deep seated tumours [3]. Since the distal edge of the Bragg peak is not used to define the field, treatments are often performed using several fields where one could be sufficient.

The ballistic properties of protons are thus not fully exploited! Online monitoring via prompt γ imaging Secondary particles, including prompt γrays, are emitted as a result of interactions between primary protons and target nuclei.

• The spatial distribution of γ emission is closely correlated with the proton range [1], Fig. 1 • γ-rays can be discriminated from neutrons and other particles using time of flight (TOF)

• A method of measuring the γ emission vertex distribution is by using a Compton camera • Two CeBr 3 scintillators, each coupled to an SiPM matrix

• The sampling of the scintillation light collection in the crystal is used to calculate location of every γ ray interaction in 3D with high spatial resolution (2 mm)

• The quoted temporal resolution is ∼100 ps RMS

• http://damavan-imaging.com/cebr3-detectorfluoral-technology/

The Temporal detector has been calibrated and characterised for its energy resolution and angular dependence of the energy resolution using sealed sources of 22 Na, 60 Co and 152 Eu.

GATE simulations of CLaRyS Compton camera

Simulations have been performed using GATE version 7 (Geant4 10.03.p03).

Physics list QGSP BIC HP hadronic physics, Livermore electromagnetic physics 

Conclusion

High temporal resolution, of the order of 100 ps, improves the precision of ion range determination using a Compton camera and it is envisaged that the CLaRyS Compton camera will be upgraded with an ultra-fast scintillator such as CeBr 3 . The authors aknowledge ITMO-Cancer (CLaRyS-UFT project) and LabEx PRIMES (ANR-11-LABX-0063).
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 1 Fig. 1: Energy deposition of 160 MeV protons in a PMMA phantom (shaded area) and distributions of secondary particles along proton beam axis.
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 23 Fig. 2: Geometry of the CLaRyS Compton camera.The star represents a γ emission vertex.
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 5456 Fig. 4: Time of γ creation as a function of distance from hodoscope.
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 7 Fig. 7: Energy resolution as a function of angle.