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FRIDA Brief Description and Objectives

• Understanding the FLASH effect mechanism (WP1)

• Acceleration and beam delivery (WP2)

• Beam monitoring and dosimetry (WP3)

• Simulation and treatment optimization (WP4)

• FLASH dosimetric 
parameters:

• Dose  ~ 10 Gy

• Dose rate > 100 Gy/s

• Irradiation time < 200 ms



CONV/FLASH-RT
(1 dose, 20Gy)

Istologia (Attivazione microglia; integrità 
barriere; morfologia fotorecettori ed altre cellule)
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- Osservazione (danno cutaneo e stato dell’occhio)
- Massa ponderale animale

EXP acuto N 3 animali per 

gruppo  (età 4 settimane) 

ceppo C57Bl6

Acuto
Cronico

45 

EXP cronico in progress  N 3 

animali per gruppo  (età 4 

settimane) ceppo C57Bl6

WP1 Evaluation of FLASH treatments on retina in vivo 
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Work based on existing laser-plasma 
accelerator at ILIL INO CNR

Currently available 
• sub-Gy VHEE pencil beams with 10s 

of cGy/s dose rates
• investigating fundamental 

radiobiology vs dose-rate

Ongoing developments 
• multi-Gy doses per shot and multi-

shot per second
• relevance for FLASH-RT

WP2 Laser-plasma acceleration for VHEE

Figure 3. Ad hoc placed tumor volume (red sphere of ⇠10 cc) in the reconstructed CT volume; projections and 3D view.

Figure4. Dose deposition of the pencil beam scanning simulation. PTV and organs-at-risks segmentations are superimposed

to the CT image.

that a major difference exists between VHEE and photon beams with respect to the dose transverse spreading, whose effect on

the methods to cover a PTV with adjacent pencil beams have to be better investigated.

Furthermore, as it comes out from our work, the usage of the PDD (and the quantities derived from that) as a figure of

merit of very small size VHEE beams has to be deepened; indeed, while the loss of the transverse equilibrium (due to multiple

scattering) which leads to a reduced PDD depth (in terms, for instance, of R80 or similar) is already well known, new figures

need to be identified to evaluate the ability of a beam to treat deep seated tumors.
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Investigation <of LWFA regimes providing 
VHEE beams with low divergence/“high” 
charge using Particle-In-Cell (PIC) 
simulations

Monte Carlo simulation of dose 
deposition pattern using a scanning 
pencil beam for a brain tumor

MC simulations of deep tumor 
treatment with laser-driven VHEE 
pencil beams 

● Good beam to target conformation thanks to the 

pencil beam scanning

● Limited transverse spread of dose

● Dose deposition longitudinal profile better than 

photon beams at shallow depths provided that “low-

energy” electrons are removedLeo Gizzi INO CNR



WP3 Dosimetry w scintillators

• plastic scintillating fibers (Kuraray)

• ‘Blue’ :    d=1.0 mm, l=5-10 mm

• ‘Green’ : d=0.5 mm, l=2-5 mm

• single detectors and array

• Imaging with CCD camera + objective
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Results

3

𝐼𝑃𝐷𝑅 ∼ 107𝐺𝑦/𝑠 

𝐼𝑃𝐷𝑅 ∼ 106𝐺𝑦/𝑠 



• Study of LWFA acceleration regimes with high-charge

• Monte Carlo assessment of dosimetric properties of “real” laser-driven VHEE pencil beams – “simple” account of 

FLASH sparing effect

• Study of beam “cleaning”/transport 

• Research on laser operation/development aimed at producing high average rep-rate, FLASH-ready beams

WP2 Control, conditioning and steering of laser-driven VHEE
Experimental studies aimed at increasing dose rates toward FLASH

Activities planned in 2024 

• Spurious luminescence contribution (Cerenkov and radioluminescence)

• Radiation hardness (aging and post-irradiation recovery)

• Development of 2D and 3D dosimetric systems to simultaneously measure, in real time, the relative dose distribution 
in the irradiated volume

WP3 Single Dosimeters Optimization and 2D/3D relative dosimetry

WP1 Validation of the in vivo experiments

• On the basis of the findings obtained from the ongoing experiments, the animals will be sacrificed at the end of 
July, and the subsequent molecular and histopathological investigations will be performed up to the end of 2023 

• in 2024 validation with another group of animals



Richieste Servizi 
Sezione

Progettazione meccanica (0.1 FTE) Officina
meccanica (0.1 FTE) 

Alte Tecnologie (0.1 FTE)

costruzione dei dosimetri

progettazione

supporti meccanici



Anagrafica
Cognome Nome Posizione/Ente % FTE WP

Avella Federico PhD 0.5 2

Bisogni Maria Giuseppina PA UNIPI 0.4 3

Ciarrocchi Esther RTD UNIPI 0.2 3

Di Martino Fabio Dir AOP 0.2 3

Gizzi Leonida Dir CNR 0.2 2

Kraan Aafke Ric INFN 0.1 4

Labate Luca Ric CNR 0.2 2

Massa Maurizio Tecn INFN 0.1 3

Moggi Andrea Tecn INFN 0.1 3

Montefiori Marco PhD UNIPI 1.0 3

Morrocchi Matteo RTD UNIPI 0.2 3

Ravera Eleonora PhD (PNRR?) 1.0 3

Rosso Valeria PO UNIPI 0.15 4

Sportelli Giancarlo PA UNIPI 0.1 3

Strettoi Emilia Ric CNR 0.1 1

Vannini Eleonora Ric CNR 0.1 1

Totale 4.65 FTE



Richieste finanziarie INFN Pisa
Cost Category Item I anno II anno III anno Totale WP

Personnel
1 contratto per 2 anni (Pisa) € 28,400.00 € 28,400.00 € 56,800.00 3

Consumables

Animals € 4,000.00 € 4,000.00 € 8,000.00 1
Scintillators and 
photodetectors € 4,000.00 € 4,000.00 € 1,000.00 € 8,000.00 3

Reagents € 3,000.00 € 3,000.00 € 2,000.00 € 8,000.00 1

Optics and electronics for 
Laser driven VHEE € 3,000.00 € 3,000.00 € 6,000.00 2

Instrumentati
on DAQ for scintillators € 7,000.00 € 7,000.00 3

GPU board for PIC 
simulations € 14,000.00 € 14,000.00 2

Travels
Travels (Pisa) € 2,000.00 € 3,000.00 € 3,000.00 € 8,000.00 1-4

€ 54,400.00 € 52,400.00 € 10,000.00
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