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WP4 – New technologies for dose delivery system

T4.1 – Thin planar silicon 
sensors for Carbon ion counter 

T4.2 - Single ion crossing time 
measurement

T4.3 – GPU-based data analysis 
for online dose verification
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230 MeV  protons

? Single ion signal
? Ionization density effects
? Radiation resistance

12bit 5 GS/s Digitizer 
+ offline analysis

picoTDC readout board
pico-TDC ASIC for 
precise time-tagging
of up to 64 inputs 
channels

- Proof of Concept to provide the time 
stamps for ions with high efficiency.
- Start counter for range verification 
system.
 Exploiting existing ASICs at INFN-To 

for timing

New GPU-based algorithms to exploit 
ion treatments (ADAPTIVE PT) with a 
very fast data analysis for online 
feedback on  the dose delivered. 
 Collaboration with GSI within the  
RAPTOR project (ETN – H2020)

This task is also part of 
our research activity 
which will benefit from 
a collaboration with the 
group of Torino to 
carry on the INFN-
RIDOS project.

INFN-CSN5 - RIDOS 
2014-2016

Real-Time Adaptive Particle Therapy Of Cancer

Starting point: INFN-MoVeIT results with protons Starting point: INFN-RIDOS results

• 3ps or 12ps binning
• very low jitter (<1ps)

(10x) 60 MeV  protons 
- - - - - -

50                                (µm)



WP4 task4.1 Existing Si-sensor studies with ions

New sensors design&development

Ion counter assembly&test

task4.2 Test of FAST+picoTDC

SIG-ASIC develop&test (SJ)

Test&Integration with RVS

task4.3 GPU-based PGT analysis

Fast tools integration&test

2022 2023 2024 2025
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WP4 – NEW GANTS



WP4 – BUDGET ASSEGNATO

WP4 – budget 2022
2.5 kE 2 picoTDC + 2 FanoutBoard
2 kE consumo per misure dei sensori



Nuovo BUDGET WP4 TOT
WP4 - Dose Delivery System 2022 2023 2024 2025

Task1 Instruments (sensors) 35 35
Consumables 2 2 2.5 2 8.5

Task2 Instruments (ASIC) 35 35
Consumables (picoTDC+FPGA+varie) 2.5 2 2 2 8.5

Task3 Consumables (GPU) 0 8 8

Mission 2.5 3.5 4.5 6.5 17
AdR –II fascia 31 31 62
TOTAL WP4 7 81.5 75 10.5 174

WP4 – NUOVO BUDGET SU 4 ANNI
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WP4 – MILESTONES 2022



WP4 – Task4.1 : R&D on new planar thin silicon sensors

Thin silicon sensors and readout boards 
from past experiments

Exflu
W6, 2x2, type 10
10-4, PiN
Active thickness: 35 μm
Single Pads (P1, P2, P3, and P4) area: 1.3 x 1.3 mm2

MoVeIT 2020 – 48 strips
W10-B6
Active thickness: 60 μm
Strip Dimensions: 0.114 mm width, 
26.214 mm  length, 0.180  mm pitch

MoVeIT 2020 – 146 strips
W10-A..
Active thickness: 60 μm
Strip Dimension: 0.114 mm width, 
26.214 mm  length, 0.180 mm pitch

24 ch board (MoVeIT)

8 ch board
(MoVeIT)

144 ch boards (MoVeIT)

2 ch passive board



• Energies used:
398.84 MeV/nucl
271      MeV/nucl
221      MeV/nucl
166.41 MeV/nucl
115.26 MeV/nucl
• HV: 120 V (Both 

sensors)

12 DICEMBRE 2021
PRIMO TEST CON IONI CARBONIO A CNAO



2 signals configuration offline analysis

2 3

Beam

DT1471ET

4 Ch Reversible 5.5 kV/300 µA Desktop HV Power Supply 
Module (USB/Ethernet/T.screen)

PCB board designed by Mignone

CIVIDEC Broadband amplifiers (40 dB)CIVIDEC Broadband amplifiers (40 dB)

2 3

Lecroy Oscilloscope 
(WAVERUNNER 9254M) 
up to 40 GSample/s

SETUP MISURE DEL 12 DICEMBRE A CNAO



SENSORI USATI NEL TEST DEL 12 DICEMBRE A CNAO

Exflu
W6, 2x2, type 10
10-4, PiN
Active thickness: 35 μm
Single Pads (P1, P2, P3, and P4) 
area: 1.3 x 1.3 mm2

MoVeIT 2020 – 48 strips
W10-B6
Active thickness: 60 μm
Strip Dimensions: 0.114 mm width, 
26.214 mm  length, 0.180  mm pitch





166.41 MeV/nucl
PAD 1
100 Waveforms

SEGNALI PRODOTTI DAI SINGOLI IONI NEI PADS



400 MeV/nucl 115 MeV/nucl

AMPIEZZA SEGNALE A ENERGIE DIFFERENTI

~ 250 mV ~ 700 mV



General model:    fitres(x) = a/(x)+b
Coefficients (with 95% confidence bounds):
a =       63.98  (61.8, 66.17)
b =     0.08875  (0.07582, 0.1017)
rsquare: 0.9997

Bethe-Bloch formula
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
∝ 1

𝑣𝑣2
∝ 1

𝐸𝐸

f(E)=a/(E)+b

AMPIEZZA SEGNALE A ENERGIE DIFFERENTI



166.41 MeV/nucl
100 Waveforms
Strips sensor

SEGNALI PRODOTTI DAI SINGOLI IONI NELLE STRIPS



Task 4.2 – New technologies for dose delivery system

T4.2 - Single ion crossing time 
measurement

12bit 5 GS/s Digitizer 
+ offline analysis

picoTDC readout board
pico-TDC ASIC for 
precise time-tagging
of up to 64 inputs 
channels

- Proof of Concept to provide the time 
stamps for ions with high efficiency.
- Start counter for range verification 
system.
 Exploiting existing ASICs at INFN-To 

for timing

Starting point: INFN-MoVeIT results with protons

• 3ps or 12ps binning
• very low jitter (<1ps)



WP4 task4.1 Existing Si-sensor studies with ions

New sensors design&development

Ion counter assembly&test

task4.2 Test of FAST+picoTDC

SIG-ASIC develop&test (SJ)

Test&Integration with RVS

task4.3 GPU-based PGT analysis

Fast tools integration&test
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WP4 – NEW GANTS



TASK 4.2 

2 Schede PicoTDC + 2 interfaccia ordinate

Evaluation board with PicoTDC: 500 CHF
Fanout board (only few channels SMA mounted):500 CHF



Task4.3 – New technologies for dose delivery system

T4.3 – GPU-based data analysis 
for online dose verification

New GPU-based algorithms to exploit 
ion treatments (ADAPTIVE PT) with a 
very fast data analysis for online 
feedback on  the dose delivered. 
 Collaboration with GSI within the  
RAPTOR project (ETN – H2020)

This task is also part of 
our research activity 
which will benefit from 
a collaboration with the 
group of Torino to 
carry on the INFN-
RIDOS project.

INFN-CSN5 - RIDOS 
2014-2016

Real-Time Adaptive Particle Therapy Of Cancer

Starting point: INFN-RIDOS results





WS per WP4 – con GPU Quadro RTX 5000
acquisto spostato nel 2023
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