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M 1.1.3 → D 1.1.9 (M36) Report on Monte Carlo 

modelling for low energy (IORT-like and dermatologic) 

FLASH beam for preclinical and clinical use (UNIPI) 

highlight talk by C. Scapicchio, INFN Pisa

Milestone M 1.1

M 1.1.1 Set up of IORT-like and VHEE electron beams for FLASH and UHDR irradiation: 
Design and selection of technology.

M 1.1.2– Procurement and assembling of IORT-like and VHEE electron beams for 
FLASH and UHDR irradiation platform for low energy (IORT-like and dermatologic) 
FLASH beam for preclinical and clinical use. 

M 1.1.3 Commissioning of Establish platform for UHDR and FLASH mode of operation of 
IORT-like and laser-based VHEE beam accelerator.
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SIT ELECTRONFLASH 4000

Electrons 9 MeV

Triode gun
Courtesy of Andrea Cavalieri, University of Pisa and CPFR

Fabio Di Martino, AOP and CPFR
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COMMISSIONING

All the applicators were charachterized in terms of PDD, horizontal profiles, flatness and the output factors (OF) were calculated .

Applicator diameter 
[mm]

Flatness [%] Diameter of the 95% 
isodose [mm]

120 4.65 70
100 4.03 60
50 3.79 36
40 5.02 26
30 7.2 20

APPLICATOR OF

∅ 120 mm 0,67

∅ 100 mm 1,00

∅ 70 mm 1,50

∅ 50 mm 2,82

∅ 40 mm 3,28

∅ 30 mm 3,88

∅ 10 mm 4,88

PTW fD
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Adapt them for UHDRs: corrections for 

ksat!

Analytical and 

phenomenological 
ionometric methods

Dp [Gy]0.5-2 Gy/p 5-10 Gy/p > 10 Gy/p

Development of active dosimeters and dosimetric 
methods

Using commercially available ion chambers New technologies

New prototypes of 

ionization 

chambers

Active solid state 

and scintillators
Small portable 

calorimeters

PTW A. 
Markus ALLS IC

fDiamond SiC,silicon,plastic 

scintillator

SiC

silicon

F. Di Martino et al., Physica
Medica 103 (2022) 175–180
l. Masturzo et al, Med Phys
2025

calorimeter

PTW fD
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The ALLS chamber: First prototype

Basic ideas: avoid recombination and 
breakdown

• Use of noble gas or nitrogen in place of air

• Ensure E(x) > 0

• Low pressures to avoid breakdown

Nitrogen 50 hPa

M. Montefiori et al. Phys. Med. & Biol. 2026

M. Montefiori et al. Medical Physics, 2026 

Courtesy of M. Montefiori, University and INFN Pisa
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1D/2D Dose distributions w 

SiC detectors

6 cm 6 
cm

Beam 
axis

• Real time 2D dose curve reconstruction
• Minimize the complexity of the system minimizing the number of detectors 

and electronic channels
• < 500 small size SiC independent detectors→ optimized design and SiC 

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

>60  small size (1 mm) SiC detectors 
mounted on a PCB

1D Array: DREAM

Silicon carbide array DetectoR for 
dose profilE meAsureMents at 

FLASH regimes

From 1D array to 2D matrix → DALI’ 

Development of Advanced dosimetric techniques for uLtra-hIgh dose rate beams

BANDO A CASCATA Spoke 1 – ECOSISTEMA 

DELL’INNOVAZIONE Progetto “THE - TuscanyHealth Ecosystem” -

Codice progetto ECS00000017 - CUP B83C22003930001

F. Romano et al.,  (2023), Appl Science
G. Milluzzo et al., (2024), Medical Physics
G. Milluzzo et al., (2025), Phys Med Biol

From 1 single dosimeter to 1D
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DALI’ : Development of 
Advanced dosimetric techniques 
for uLtra-hIgh dose rate beams

Optimization of the electronic readout

Optimization of the geometrical 

configuration
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Experimental test of 

electronics with electron 

beams @ CPFR

Preliminary results for beam profiles along X axis
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EF upgrades

Monitoring system

On the LINAC, an updated version of the 

ACCT has been installed as an online beam

monitoring system in order to increase the 

signal-to-noise ratio and improve

measurements in conventional mode.

Beam shaper

Development of a new beam optics using a 
shaper, which allows the generation of fields 
with non-cylindrical geometries and variable
sizes, ranging from 5 × 5 cm down to smaller

dimensions with steps of 0.1 cm.
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Beam Shaper

The beam shaper device was fully charcterized using

the modified MP3-XS water, adapted for horizontal 
irradiation

PDDs and profiles obtained with different shaper configurations
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EF upgrades

Minibeam patterns

special tungsten templates with different spatial patterns were 

designed, simulated, manufactured and characterized, capable 
of generating MiniBeam (MB). 

Using these tools, it is possible to investigate another important 
radiobiological effect : the “MiniBeam” effect.

With this setup, currently unique worldwide, it is possible to 
generate both MB and UHDR/UHDP beams and therefore 

study the potential synergy between this effect and the FLASH 
effect

Pensavalle et al., Frontiers, 2023
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Physics 2025

2 mm 3 mm

more on scintillators in 

Eleonora Ravera

talk for SP1.6

Courtesy of E. Ciarrocchi, UNIPI
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A micro-CT specifically designed for the electronFlash linac was built, in collaboration with Imaginalis,  with the cascade fundings “Spoke 1-

ECOSISTEMA DELL’INNOVAZIONE Progetto “THE- Tuscany Healtl Ecosystem” / MiceGo – Medical Imaging and Calculations for Exposure in 
Goal-oriented Oncology – Codice progetto ECS00000017 – CUP B83C22003930001“.
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Micro CT

The micro-CT was realized to further improve precision in animal handling for in vivo studies. This new device will enable CT 

scans of animals to be performed directly inside the bunker where ElectronFlash is located.

a software platform based on Monte Carlo simulations is

available for 3-D dosimetric evaluations for in vivo experiments, 
starting from CT images.

The micro-CT is equipped with a rigid translation system that allows the 

animal to be moved from the scanner to the irradiation position. In this way, 
possible positioning and dose distribution errors are minimized, ensuring full 

reproducibility among the different experimental animals.
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TPS  

Example of different profiles in water measured at the build-up 

(bu) and at the entrance (ing). The experimental data (green 
dots)  were compared with the data obtained with a Monte Carlo 

simulation (blue line). Showing an excellent agreement between 
the two sets 

A Treatment planning system wa specifically

designed, in collaboration with the Rome 

University “La Sapienza“
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TPS  

Example of a DVH and BEV obtained with the TPS to demonstrate its capabilities. The treatment planning provides the geometric

optimization of the shaper and dose distributions in materials other than water, starting from CT images.
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• UHDR Beam Optimization: Successful characterization of low-energy electron 

beams, ensuring the high performance and flexibility required for advanced 

radiobiological research.

• Overcoming Technical Barriers: Developed customized shapers systems to 

resolve dose-rate variations and ensure 3D dose homogeneity across different 

irradiation fields.

• Integrated Pre-clinical Workflow: Implementation of a dedicated micro-CT and a 

specialized Treatment Planning System (TPS) now allows for precise geometric 

and dosimetric optimization for in vivo studies.

• Readiness for Clinical Translation: Stability tests and output commissioning 

confirm that the system is ready to move toward human clinical trials.

CONCLUSION

more on clinical trial with FLASH low energy e-  

Fabiola Paiar talk 

WP5-Beyond the THE Project: What We 

Learned and the Clinical Consequences for 

Trial Design and Patient Selection
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Thank you for your 
attention!

UNIPI: M. G. Bisogni, S. Capaccioli, A. Cavalieri, E. Ciarrocchi, 
F. D’Errico, G. Lamanna, E. Ravera, V. Rosso 
INFN Pisa: M. Celentano, A. Retico, C. Scapicchio

F. Di Martino (AOP and CPFR), L. Masturzo, M. Montefiori, 
M. Morrocchi (UNIPI and INFN), F. Urso (UNIPI and INFN), 
J.H. Pensavalle (SIT)
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