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Outline

* FLASH radiotherapy and dosimetric challenge of UHDR beams
* SiC technologies developed within INFN CT and STLab startup
* The graphite calorimeter

* Opportunities provided by the SPES-LNL cyclotron
* Proposed activities




FLASH Radiotherapy

e Ultra-high dose rate irradiation

Average Dose Rate: > 40 Gy/s
Irradiation Time: <200 ms

FLASH effect: Exceptional sparing

on healthy tissue

(5 Gy/min)
Conv

(300 Gy/s)
FLASH

Vozenin et al., Clinical Cancer Research (2019)

Dosimetry challenge at UHDR

e Saturation on the standard dosimeters.

— 010 { Petersson et al., Medical Physics (2017)
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Solutions
* Modification of the ionization chamber.
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 Use of passive detectors, like Alanine.

e |dentifying new technologies. E.g.,solid
state detectors, like diamond, SiC.
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SiC Technologies explored by INFN-CT

4 The INFN “FRIDA” project
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Diamond ,  High radiation hardness

* High signal to noise ratio

* High time resolution (ns)
and fast collection time

Encapsulated waterproof SiC

* Home-made desigh @
INFN-CT

Capsule Epoxy resin

Support for the
SiC sensor

* 3d printed internal holder



Characterizations of SiC using electronFLASH linac

Pulsed electron beams
Average dose rate up to kGy/s
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Linearity of charge with dose per pulse
Instantaneous dose rate [MGy/s]

F. Romano et al, med phys (2022)
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G. Milluzzo et al., Med. Phys. (2024)
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Experimental setup
Detector: 4.5 mm?, 10 um thick SiC at build-up
Energy: 9MeV
Charge acquisition: Keithley electrometer
Reference dosimeter: Alanine dosimeters
Dose per pulse: 0.1 - 21 Gy
Instantaneous dose rate
in a pulse: up to 5 MGy/s

SiC and ACCT single pulse waveforms

— SiC
— ACCT around SiC
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C.Okpuwe et al., Rad. Res. (2025)
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SiC characterization using proton beams (IBA Proteus Cyclotron) at Trento
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* Irradiation time: 10 ms up to seconds
INEN * Intransmission monitor chamber (MU)
SiC response with the total delivered dose it i
* Fixed dose rate:158 Gy/s .
«  Varying the total irradiation time 12 mm and 305 water (solid) depth Temporal structure
800 106 T S ———— -~ NE—
—_ ﬁ ¢ 12mm | 7
700 -5 - + 305 '
g 104 ad
= |
T 500 ‘Ccs .02 o
E . ol :
%400 D 1 : A/O[‘ L ! 2/0 -
& | . |
e Moy, 2 ey,
200 Ub//Sb D 098 _ eo’ _
Sod £ |
0 .
100 . O 0.96
ol 7}
0 5 10 15 20 25 30 35 0.94 o ) ) ) ) S o J B 0 1|u 20 s‘u ) 50 60 70
Dose [Gy] 0 100 200 300 400 500 Time me]
irradiationti Average dose rate [Gy/s]
rradiation time 4




From single SiC detectors to 1D-2D SiC design for single shot dose distribution measurements
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Typically performed with

Radiochromic films - passive

Single small detector actively scanning the beam
profile = Not negligible total dose accumulated

for the measurement of the beam profiles which
can already exceed the daily dose limit in clinical

environment

Silicon carbide array DetectoR for dose profilE meAsureMents at FLASH

regimes

DREAM Beam
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Array of 60 SiC detectors (thickness < 10um and size < 1mm)

. Financed by the INFN Tecnological Transfer Committee through the Research for
Innovation program

* Single shot (or a few) dose profile measurements

*  High spatial resolution (< 1 mm)

*  Flexible system diameter from 1 up to 10 cm

*  Minimizing the cost and the complexity of the system

. Simultaneous read out system in integration

*  Real time monitoring of the beam current and instantaneous dose rate
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Development of Advanced dosimetric techniques for ulLtra-hlgh dose

Multiple SiC matrix for real time 2D surface dose distribution and imaging
Minimizing the number of detectors and the cost = optimized design and SiC o)

Support for the future clinical trial with UHDR e- beams @ CPFR

rate beams (DALI’)

3P4 DI PALERMO

X 7
M
g s

INFN 5T/

5




Graphite calorimeter
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*High accuracy reference dosimetry

*3D printed plastic housing
*Simple usage and low cost

*2 mm graphite core

NPLE]

Mational Physical Laboratory

*1 single thermistor connected to the Wheatstone bridge
*IBA PPCO5 ion chamber external geometry (same holders)
*Easy to use with ethernet cable connection

H. Palmans et al. PMB (2009)
S. Mc Callum et al., App. Science (2023)
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Characterization of the calorimeter using UHDR electron beams @ CPFR
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IDR up to 5 MGy/s

Comparison with: alanine and flash Diamond (fD) Good agreement of the measured dose with the alanine

dosimeters up to an instantaneous dose rate of 5 MGy/s
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Response with the average dose rate
Constant delivered dose: ~ 20 Gy

Average dose rate: 13 Gy/s - 200 Gy/s
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meter characterization using proton beam

Response with the total delivered dose/irradiation time
Dose rate: 125 Gy/s, 50 Gy/s ; Constant delivered dose: 1-20 Gy
Irradiation time: 10 ms - 150 ms
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New opportunities with the SPES-LNL cyclotron

* The beam at the protontherapy center at Trento = ~250 Gy/s. Very good!

But
Limited! compared to ~ MGy/s in UHDR Electron Linacs.

SPES-LNL cyclotron

* Produces proton beams: 35-70 MeV

* Maximum beam current: 500 pA at 70 MeV
» Average dose rate: ~10° Gy/s

* Opens a new regime for FLASH proton studies




Proposal

* To characterize these detectors at even extreme proton regime.
e Test linearity up to 10° Gy/s for:
= The different SIiC
= Graphite calorimeter
= Prototype of the SiC arrays

* Further: To carry out other dedicated campaigns to accurately characterize the
beams in the perspective of possible radiobiological experiments
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Summary

* FLASH radiotherapy needs robust UHDR dosimetry.

* SiC detectors and graphite calorimeter are promising for UHDR
dosimetry.

* SPES cyclotron offers a unique platform for extreme dose rate
studies.

* The proposed activities would support the future of FLASH proton
radiotherapy.
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