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TREATMENT VERIFICATION
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SECONDARY PARTICLES FOR RANGE MONITORING
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SPATIO-TEMPORAL EMISSION RECONSTRUCTION
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STOPPING POWER AS TREATMENT VERIFICATION METHOD
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FORMULATION OF THE PROBLEM
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PRELIMINARY WORK: MC TRUTH
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PRELIMINARY WORK: RECONSTRUCTION
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PRELIMINARY WORK: RECONSTRUCTION
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PRELIMINARY WORK: RECONSTRUCTION
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PRELIMINARY WORK: RECONSTRUCTION
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Electronic stopping power (MeV/cm)

PRELIMINARY WORK: RECONSTRUCTION
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DETECTOR R&D

UFSD: measure the delivery time of
each primary proton | N FN
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DETECTOR R&D

LaBr3(Ce): measure the arrival time of
the secondary prompt photons
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DETECTOR R&D

MC simulatons (FLUKA tool)

1) PMT e 2) SiPM
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PRELIMINARY TESTS

ONLINE PGT INTERFACE
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CONCLUSIONS
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ULTRA-FAST SILICON DETECTORS

UFSD for beam monitoring: measure the delivery time

of each primary particle
Developed by MoVelT collaboration (CSN5)

FE board: 8ch, 2 amplification stages (fast analog
amplifier)

Optimized for timing measurements at high rates
Dynamic range: 3-150 fC — 60-250MeV protons

Fast signals (~2ns), single discrimination up to 10°
ps-lcm-2 (> 10 MHz/ch)

Ch specifications: noise < 3 mV, SNR > 25, jitter < 30 ps

0 50 100 150 200 250 300 350 400
time [ns]

8 strips + 3 test strips, 2.2 mm2 (3393 um
X 550 um, pitch 590 um)
Read by a digitizer (16ch, CAEN DT5742)

Time resolution ~10 ps

Detection efficiency up to ~27% with
clinical beams



FOOT SIPM TILE

Pausch et al. “Detection systems for range monitoring in proton therapy:
needs and challenges” NIM A 2020

FOOT (CSN3
INFN) FE board
and SiPM tile

5.6. Challenge and potential approach

It seems an obvious approach to rely on the construction scheme
and the SiPM light sensors of recent PET-MR detectors but to replace
the LSO or LYSO crystals by CeBr; or LaBry:Ce. The high light yield
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SiPM by FBK:
SiPM Type Tile
Technology Cell size (um) | SiPM size (mm?) | Tile size (mm?) # SiPMs Resin
RGB-HD 15 16 24x24 25 Epoxy

— 106 microcells per SiPM

Digitizer 2.5 Gs/s

BGO time resolution ~600 ps o (cosmic rays), =300 ns

— better time res might be achieved with LaBr3(Ce)




FOOT SIPM TILE

Readout 2;: SiPMs

FOOT (CSN3
INFN) FE board
and SiPM tile

SiPM response linearity vs beam energy
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PROTON CT, DUAL ENERGY CT

—+HU to Stopping Power ratio conversion uncertainties PCT: lower doses than DECT

Proton CT Dual Energy CT Multiple Coulomb
scattering—spatial resolution

degradation

7\
O |
o/ Neither PCT nor DECT can be
O /
Polystyrene used for treatment
verification

PCT: <1.31% measured SP accuracy, 0.55% mean absolute error

DECT: <2.38% measured SP accuracy, 0.67% mean absolute error



