
L. Palumbo 

SAFEST 
SApienza Flash Electron Source for radio-Therapy

VHEE-FLASH-RT Research Facility 
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A brief introduction to Sapienza activities
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ACCELERATOR PHYSICS AND TECHNOLOGY

Luigi Palumbo
Mauro Migliorati
Andrea Mostacci
Enrica Chiadroni
Luigi Faillace
Luca Ficcadenti
Lucia Giuliano
+ Doc

e+e- colliders
High brightness photoinjector
Free Electron Lasers
Plasma acceleration
Compton Sources
Medical Linacs

PARTICLE RADIATION TUMOR THERAPY        

Vincenzo Patera
Adalberto Sciubba
Alessio Sarti
Marco Toppi
Michela Marfina
Giacomo Traini
Gaia Franciosini
+ Doc

Fragmentation of Ions for Therapy
imaging of dose release in Hadrontherapy
real-time Imaging for Hadrontherapy
Charged detector for Imaging in Particle Therapy
Monitor for Neutron Dose in Hadrontherapy
Fast-MC code for proton beam therapy (FRED)
VHEE Treatment Plans
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A bit of our story …… about particle therapy

See Giacomo Traini Talk Thursday 12:30 

Physics in Medicine and Biology, 62, 7482-7504 (2017) Frontiers Oncology. 2021



MONTECARLO SIMULATIONS  

COURTESY VINCENZO PATERA

A study case: prostate cancer

10 MeV Photons 100 MeV Electrons
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… and medical accelerators

7 MeV FLASH S- band LINAC - ElectronFlash

VHEE FLASH C-band LINAC

12 MeV FLASH C- band LINAC - LIAC
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2020

2021

2022
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SAFEST



2020 Electron ELECTRON-FLASH 7 MeV – SIT Company  
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2023
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LINAC@5.712 GHz

PRF  2.5 MW
C-Band
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2023

2021 Design of C-band LINAC 12 MeV,  for FLASH 
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STUDY GROUP
REPORT

2022
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EXPERIENCE WITH C-BAND TRAVELLING WAVE ACCELERATING STRUCTURES
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2022

BEAM DYNAMICS
L. FAILLACE
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TOWARD VHEE LINACS 
FOR DEEP TUMORS 

INFN PROJECT 2021-23
FRIDA

PNRR NATIONAL PROJECT 2022-25

SAFEST
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FUNDINGS ?

R&D



FRIDA is interdisciplinary project addressing crucial areas related with FLASH
therapy.

4 work-packages:

ü mechanism modelling & radio-biology experiments;
ü R&D RF Structure and Pulse Compressor (200 KE)
ü Detectors for beam monitoring;
ü treatment planning development

FRIDA Project (INFN Gr.V call)

FLASH Radiotherapy with high Dose-rate particle beAms

Budget ~1 ME,  Project Approved - 2021/2024
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Design and prototype of SW biperiodic

Pagina 14
VHEE23 Conference - DESY Hamburg - 11,14 July 2023

p/2

Shunt Impedance 110 MW/m

10 MeV

100 mA

(Lucia Giuliano talk Thursday)



Accelerating Field measurement $ tuning

RF power

Power In 

Beam 
axis
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Power In

Power 
Out
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Design of TW 2p/3

(Lucia Giuliano talk Thursday)



Prototype design of TW

Power  
in

Power  out
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5 cells prototype for vacuum and  RF tests 

RF signal

The bead-pull technique was used to measure the on-axis electric field inside the prototype.
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 2022-2025 PROJECT APPROVED WITH A BURGET OF 114.7 ME 
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FLASH (SAFEST) IN THE PROJECT HEAL_ITALIA  (PNRR recovery f.)

12 UNIVERSITIES

12 PARTNERS

2023-2025



SCHEME FOR 100 MeV Linac
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Frequency 5.712 GHz

Beam Energy 65 - 100 
MeV

RF Repetition rate 100 Hz

Current 100 mA

C-band average 
accelerating 
gradient

45 MV/m

RF pulse duration 1.2 – 2.5 µs
In pulse dose rate > 10^6 Gy/s
Average dose rate > 100 Gy/s
Dose per pulse >> 1 Gy
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Standing wave Injector Traveling wave  



Asymmetric power splitter

Phase shifter Attenuator

SW Injector TW Structure

5 MW 4 µs

Pulse compressor  20 MW, 1 µs

C-BAND BASIC SYSTEM @ SAPIENZA 

FLASH FUNDED WITH BUDGET 1.6 ME

VHEE23 Conference - DESY Hamburg - 11,14 July 2023

15 MW

2023
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HEAL_ITALIA VHEE-FLASH

Referente Sapienza 
 Vincenzo Patera

Project Coordinator
 Luigi Palumbo

Treatment Plans VHEE
A. Sarti

RF Design : L. Giuliano 

LINAC VHEE-FLASH
M. Migliorati

RF prototype: L. Giuliano

Beam Dynamics : L. Faillace

Beam Delivery : A. Vannozzi 
(INFN) & A. Trigilio

Diagnostics : A. Mostacci 

Beam measur. : E. Chiadroni

Linac Parameters :  M. 
Migliorati & L. Giuliano

e-beam/dose character               
L. Giuliano

Linac Controls   :  A. Mostacci 

Magnets:  A. Vannozzi (INFN)

Online Beam Monitor : M. Marafini 
& A. Trigilio

Dose engine: G. Traini & G. 
Franciosini

Optimization: A. Schiavi & A. 
Di Gregorio

Radioprotection: A. Di Gregorio 
& G. Franciosini, F. Perondi

Mech. machining: M. Magi WEB, Repository & Network   
M. Coppola
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RF Design : L Faillace,  Alesini

RF prototype: Faillace, Alesini

Beam Dynamics :  L. Faillace

Diagnostics :  G. Franzini 

RF Linac Controls  :  S. Gallo 

Magnets: A. Vannozzi

LNF INFN Collaboration

Beam  delivery : A. Vannozzi

Brazing:  Lollo, Di Raddo

G. Cuttone

P. Cirrone 

G. Torrisi (Pulse compresor)

LNS Collaboration

L. Ficcadenti

( Machining workshop)

Roma1 Collaboration
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INFN COLLABORATION
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CONCLUSIONS

• FOR A LONG TIME SAPIENZA HAS BEEN INVOLVED IN TUMOR PARTICLE 
THERAPY RESEARCH

• THE ACCELERATOR TEAM WAS INVOLVED IN ELECTRON FLASH @LOW ENERGY 
FOR INDUSTRY (SIT)

• 2021 SAPIENZA AND INFN: DESIGN STUDY OF A VHEE FLASH BASED ON C-
BAND (SAFEST)

• 2022 R&D PROJECT FUNDED BY INFN (FRIDA)
• 2023 BASIC VHEE SYSTEM FUNDED BY NATIONAL PNRR ( HEAL_ITALIA)
• PROTOTYPES OF THE SW INJECTOR AND TW STRUCTURE ARE BEING 

DEVELOPED IN HOUSE
• BIG EFFORT AND CHALLENGES TO BUILD A BASIC SYSTEM AT LA SAPIENZA 

UNIVERSITY
• THE  SYSTEM  HAS TO BE COMPLETED BY THE END OF 2025
• ALL THE ACTIVITIES BENEFIT FROM THE ROBUST SUPPORT OF INFN


