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Beyond Prompt Gamma Timing: detection principle

Prompt Gamma Timing

TIARA module
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2 unknowns: I', = PG vertex Vp =proton speed




The TIARA (Tof Imaging ARrAy) detector

Fast beam monitors

Plastic-based for
low intensity TIARA module
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https://arxiv.org/abs/2411.07877

Diamond-based for

high intensity http://arxiv.org/abs/2601.20457
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Targeted coincidence time resolution (CTR): Adapted to all
~ 100 ps RMS (235 ps FWHM) intensities
for range uncertainty ~ mm

cf. Gal/in;Marte/’s talk
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Gamma module: understanding detector response

€ = €geo X €int X €opt
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Detector characterisation
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Gamma module optical response: particle sensitivity

The optical detection efficiency
is determined as a function of

particle incident energy
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Protons at CNAO: time resolution and SNR CNACy HLIBL

The National Center for Oncological Hadrontherapy
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Range accuracy with protons (MEDICYC Cyclotron) %
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Variable thickness air gap to simulate a range shift
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Carbons at CNAO: time resolution and intensity
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Range accuracy with carbons (CNAO) CNAC

The National Center for Oncological Hadrontherapy
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Beyond Prompt Gamma Timing

Prompt Gamma Time Imaging

TIARA module
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Determination of anatomical variations with PGTI

8 channels TIARA prototype
Treatment planning

Irradiation of RANDO
anthropomorphic
phantom with sinus
empty...

100 MeV, Single

Proton Regime 100 MeV

protons

Treatment delivery
... and sinus filled with
ultrasound gel.
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Determination of anatomical variation: TOF data
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Between 500 and 1000 PGs per detector

All data after background subtraction: comparison sinus empty/filled
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Determination of anatomical variation: reconstructed data
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Conclusions

The use of Cherenkov detectors is promising to significantly increase the sensitivity
of PG-based monitoring techniques:

* High detection efficiency (~ 0.45%)

* Higher SNR (no neutron detection)

e But sensitive to secondary protons in 2C therapy

A first 8-channel prototype has been extensively tested

* with protons at low intensity regime, with cyclotrons, synchro-cyclotrons and
synchrotrons .

e with carbon ions at CNAO

The PGTI reconstruction algorithm may allow to identify anatomical changes
between treatment planning and delivery.
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