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60 MeV proton beams, 
Ocular district pathologies 

400 patients

Range uncertainty
Multi-ionsapproach
Fast radiotherapy
In-vivo preclinical studies
Approaches to improve 
RBE
New acceleration schemes

Physics Nobel laureate 2018

for their method of generating high-

intensity, ultra-short optical pulses 
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Conventional 

hadrontherapy
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Clinical advantages of proton beams
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Protontherapyx-Ray therapy

Mirabell RA et al. 

Potential reduction of the incidence of 

radiation-induced second cancers by using 

proton beams in the treatment of paediatric 

tumor, 

Int. Jour. Rad. Onc. Phys. 2002, 54 (3) 824

Facilities in operation: 70

Patients: 190000

Particle Therapy Cooperative Group 

(PTCOG). http://www.ptcog.ch

Last Update: 2018



GAP Cirrone, PhD INFN-LNS, Catania (I) - pablo.cirrone@lns.infn.it

Hadrontherapy in Italy
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Pavia
Trento

Catania
Cyclotron

protons of 62 MeV

Patient treated:400

Cyclotron

protons up to 250 AMeV

Patient treated:387

Syncrotron

protons and 12C up to 

250 AMeV

Patient treated:

12C 1044

p 565
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Hadrontherapy at LNS from the 

conventional approach to the frontier 

of biological enhancement and 

laser-driven applications

First Italian proton therapy 

facility

First Patient treated on March 

2002 - 400 treated

Passive proton beam line - 62 MeV

Dead Patients 4

Metastatis 3

Other 1

Eye retention rate 92,68%

Total survival 95%

Local control 97%
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new in-vivo 

experiment 

dedicated to study 

the proton RBE in 

the distal part of 

Bragg Peak curve 

Hadrontherapy at LNS from the 

conventional approach to the frontier 

of biological enhancement and 

laser-driven applications

Transport 

unit

Small animal 

facility room @LNS

Recovery unit
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Multiple ions TPS
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Exploiting  the 

11B(p,a)2a reaction
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The proton-Boron capture therapy (PBCT)
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The idea:

D.-K. Yoon et al, 

Application of proton boron fusion 

reaction to radiation therapy: A Monte 

Carlo simulation study

Applied Physics Letters 105,(2014);

M.H.Sikora,H.R.Weller,A new evaluation of the 11B(p,a)aa
reaction rates, J. Fusion Energy (2016) 35:538

Reaction channels

11
𝐵 + 𝑝 →12 𝐶∗ →8 𝐵𝑒 + 𝛼0 → 𝛼01 + 𝛼02 + 𝛼0

11
𝐵 + 𝑝 →12 𝐶∗ →8 𝐵𝑒 ∗ +𝛼1 → 𝛼11 + 𝛼12 + 𝛼1
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…. but
15

Are nuclear physics considerations and 
analytical/Monte Carlo calculations able to explain 
these results?

An increment of the order of 40%
correspond to ~10^5 alpha 

particels emitted 
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The proton-Boron capture therapy (PBCT)

Accepted in 
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The proton-Boron capture therapy (PBCT)

Radiobiology (INFN-NA; CNR-IBFM)

Simulation and modeling (INFN-LNS; INFN-RM3; INFN-TIFPA)

Imaging (INFN-RM1; INFN-PV)

Microdosimetry (INFN-LNL; INFN-MI; INFN-LNS)
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Hadrontherapy at LNS from the 

conventional approach to the frontier 

of biological enhancement and 

laser-driven applications
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ELI (Extreme Light Infrastructure)
new type of European large scale laser infrastructure 

specifically designed to produce the highest peak power 
(10 PW) and focused intensity;

ELI-Beamlines
(Czech Rep.)

Ungary tbdRomania

X-ray 
sources

Electrons
protons/ion

s

ELIMAIA

ELIMED

ELIMAIA: (ion accelerator + user station)

ELI Multidisciplinary Applications of laser-Ion 

Acceleration 

ELIMED: (transport and dosimetry) 

ELI MEDical and multidisciplinary applications
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Laser L3 beam, 1 PW, 30J, 10 Hz

Interaction chamber

Pasma mirror chamber

21
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D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator for Multidisciplinary Applications”, Quantum Beam 

LASER-TARGET 

INTERACTION
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FOCUSING AND 

COLLECTING

DOSIMETRY AND IN-AIR 

IRRADIATION 

D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator for Multidisciplinary Applications”, Quantum Beam 
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Focusing and Collecting
25
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Focusing and Collecting
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Dosimetric System
27

Faraday Cup for 

absolute dosimetry

Transmission 

monitor chambers 

for relative 

dosimetry

Secondary Emission Monitor
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Dosimetric System
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Photopeak

Protons

Ions

high radiation diamond detector

linear response for very high 

intensity (up to 109 ppp)

good time resolution

excellent signal-to-noise ratio 

(low noise)

pCVD sCVD

Main goal: ONLINE proton energy spectrum and fluence measurement along the beam 
line

Monitoring System: TOF 

detectors
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Laser-beam hadrontherapy: potential advantages
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Reduced cost/shielding

•Laser transport rather than ion transport 

(vast reduction in radiation shielding)

•Possibility to reduce size of gantry

Flexibility/modularity

•Possibility of controlling output energy and 

spectrum

•Possibility of varying accelerated species 

•Spectral shaping for direct “painting” of 

tumor region (no degrader needed)

Novel therapeutic/diagnostic options

•Mixed fields: ions, X-rays, electrons, 

neutrons 

•In-situ diagnosis (PET, X-rays)

Radiobiological advantages

•Short pulse radiation might reduce damage 

Conventional hadrontherapy

Laser-based hadrontherapy
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…. can be of interest for the community
31

First dosimetry and radiobiology irradiation with laser-driven fast 
beams

Within June 2020, 30 MeV, 20 ns protons
We are discussing the participation of ELI with ELIMED in the next 
ENSAR program

A radioisotopes production study is ongoing for new more 
advantageous schemes and modalities
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