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Particle Therapy
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A correct dose distribution needs a precise
monitoring of the beam parameters:

integrated charge (a. u.)
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INFN project

Modelling and Verification for lon beam Treatment planning

Development of two prototypes of innovative detectors based on silicon (UFSDs) for
beam monitoring:

1. to directly count individual protons

2. to measure the beam energy with time-of-flight techniques
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Ultra Fast Silicon Detectors (UFSD)
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fondozioneC NAO

Centro Nozionale di Adroterapia Oncologica per il irattamento dei tumori

Synchrotron
FWHM 10 mm
Flux 108- 10° p/s in spills
Intensity 20 - 50 - 100%
Energy 62 - 227 MeV

Trento Institute for
Fundamental Physics
and Applications
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Cyclotron
FWHM 3 -7 mm
Flux 10%- 101° p/s
Current 1-320nA

Energy 68 - 228 MeV




Particle Counting
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=D< Counting Prototypes and Readout
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Tests with the ABACUS testboard at TIFPA NEN &

Threshold scans with 4 different proton beam energies (70 MeV, 125 MeV, 179 MeV, 228 MeV

Rate vs threshold voltage - chip 1 channel 7 Amplitude distributions - chip 1 channel 7
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Tests with the ABACUS testboard at . TIFPA

Signal amplitude distributions - channel 7
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Tests with the ABACUS testboard at . TIFPA INEN

MPV vs energy - channel 7
X2/ ndf 5.476/2
a[mV*MeV] 4736 £ 26.35
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Particle Counting
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Final Counting Sensor Prototypes
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Energy Measurement
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Energy Measurement Telescope
e —

—> Determine the energy through measurements of time-of-flight of coincident protons

—> Required tolerance on the range uncertainty in water < 1mm, i.e. precision < 4 ps needed at 230 MeV at 1 m distance
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Timing Prototypes and Readout
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Distribution of At
s

» Double gaussian fit to identify the peak of true coincidences from the combinatorial background
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Distribution of At
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» Double gaussian fit to identify the peak of true coincidences from the combinatorial background
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Energy measurement from TOF

s
—> Interpolation of the measured time difference as a function of the distance with Ky and time of fset as parameters
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Preliminary Results
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Conclusions

UFSD are a promising technology for beam qualification and monitoring in
Particle Therapy

» Excellent time resolution: real-time measurement of the beam energy
» Short signal duration: single particle counting

=} Patent for energy measurement prototype Radiobiological

=} Final readout electronics for counting prototype experiments
|:> Radiation hardness A ; Aiming at clinics!
el

A
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