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Prompt-Gamma (PG) ion therapy monitoring
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Time Of Flight(TOF) online monitoring
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PG Timing (PGT): concept
Detection Toroton + Tpg distribution measurement

system

+ Monitoring in real time

v High detection efficiency
o « Neutron rejection by TOF
Proton Transit time T,ot0n o .
Beam _ x TOF limited at the bunch width

Target = Time resolution ~ 1 ns rms

3/8



Introduction
o] ]

PG Timing (PGT): concept

Detection Toroton + Tpg distribution measurement

system

+ Monitoring in real time

v High detection efficiency
o « Neutron rejection by TOF
Proton Transit time T,ot0n o .
Beam _ x TOF limited at the bunch width

= Time resolution ~ 1 ns rms

Target

%2/ ndf 1717125

# counts
*
3

~
S

Constant ~ 75.83 +2.75

Mean 32.53 £0.00

@
3

Sigma  0.1012 + 0.0040

Increase PGT sensitivity:

@ Single proton regime

@ Diamond beam monitor

Time resolution: 101 ps rms

PRI R SURI U S S NI S RS
%2 322 324 32.6 32.8 33 33.2

Time Of Flight (ns)
Marcatili et al 2020 Phys. Med. Biol. 65 245033 3/8




Prompt Gamma Time Imaging
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Prompt Gamma Time Imaging

Goal: proton range estimation at the very beginning of the irradiation
(107-108 protons) in single proton regime
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Prompt Gamma Time Imaging
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Prompt Gamma Time Imaging

Goal: proton range estimation at the very beginning of the irradiation

(107-108 protons) in single proton regime

Diamond-based beam monitor

Time of flight Imaging ArRAy (TIARA):

@ =~ 30 small-size Cerenkov radiators

Vertex Reconstruction:

TStart - TStop = Tproton +

Tstart = Tstop = Tproton +
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Prompt Gamma Time Imaging
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Simulation: Detection of a proton range shift
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Simulation: Detection of a proton range shift
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Prompt Gamma Time Imaging
[e]e] J

Simulation results

Longitudinal shift Transverse shift

Number of protons 107 108 108
Number of PG detected 3x10%  3x10* 3x10%
Expected sensitivity at 1o (mm) 2 1 1
Expected sensitivity at 20 (mm) 3 1 2

Jacquet M et al 2021 Phys. Med. Biol. 66 135003
A time-of-flight-based reconstruction for real-time prompt-gamma imaging in proton therapy
https://doi.org/10.1088/1361-6560/ac03ca
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Characterization of the detection pixel

Characterization of TIARA pixel detector

T
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Characterization of the detection pixel

Characterization of TIARA pixel detector
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Characterization of TIARA pixel detector
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Characterization of the detection pixel

Characterization of TIARA pixel detector

I I T

SiPM photon counting mode
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Medycic experiments

Experiments: performance of our detection system

Experiment 1 of June 2021:
@ 60 MeV proton beam irradiation
@ 1 cm thick PMMA
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Medycic experiments

Experiments: performance of our detection system

Experiment 1 of June 2021: 1
PMMA PG
@ 60 MeV proton beam irradiation lcm
e 1 cm thick PMMA PbF, + SiPM
60 MeV
c Proton beam
Number of detected optical photons Pixel time resolution
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