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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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The rationale
4

Levin WP, Kooy H, Loeffler, DeLaney TF. Proton beam therapy. Br J Cancer. 2005;93(8):849-854
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Hadrontherapy history

Ernest Orlando Lawrence Nobel 
Prize 1939
“Palm-size Cyclotron”
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Hadrontherapy history
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Loma Linda protontherapy center, CA
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Hadrontherapy faces a fast growing demand
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Particle Therapy Cooperative Group (PTCOG). http://www.ptcog.ch
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Clinical advantages of proton beams
12

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
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Breast cancer case
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Biological properties
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Biological and physical aspects
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Hadrontherapy in Italy
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CATANA eye protontherapy facility
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CATANA eye protontherapy facility
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Eye protonterapy treatment
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Patients statistics
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Approaches to enhance  
protontherapy efficacy

Can we exceed the great biological capacity of carbon ions
with proton or ‘easier’ ions like helium?

26
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Use of nanoparticles
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Use of ‘fast’ beams
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Use of multiple ions
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Use of nuclear reactions: Boron Neutron
Capture Therapy (BNCT)

Boron Neutron Capture Therapy (BNCT) is a
binary radiotherapy exploiting the
synergistic effects of the stable, less
frequent (19.9% natural abundance)
isotope of boron 10B and a low energy
neutron field

σ = 3837 b for 0.025 eV neutrons
Q-value=2.79 MeV
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Use of nuclear reactions: The proton-Boron 
capture therapy (PBCT)

31

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
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Future perspectives with 
laser-accelerated charged 

particles

33
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Physics Nobel laureate 2018

Chirped Pulse Amplification (CPA)
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Using laser-generated ions form medical applications?
37

Quite large accelerators
Sophisticated beam transport (gantry)
High costs
Limited number of hadrontherapy centres
Alternative solutions

“If 200 MeV proton accelerators would be as cheap and small as the 10 MeV 
electron linacs used in conventional radiotherapy, at least 90% of the 

patients would be treated with proton beams” 
U. Amaldi et al., NIM A 2010.

Bulanov et al. REVIEWS OF TOPICAL PROBLEMS (2014)
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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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Why ELIMED?
40

A bucketful of particles
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Laser L3 beam, 1 PW, 30J, 10 Hz

Interaction chamber

Pasma mirror chamber

41
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INFN-LNS staff install ELIMED (July 2018)
42
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LASER-TARGET 
INTERACTION

D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator

for Multidisciplinary Applications”, Quantum Beam Sci. 2 (2018) 8
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COLLECTING AND 
FOCUSING

D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator

for Multidisciplinary Applications”, Quantum Beam Sci. 2 (2018) 8
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ENERGY SELECTION

Not just a magnetic 
chicane: energy change 

shot-by-shot 

D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator

for Multidisciplinary Applications”, Quantum Beam Sci. 2 (2018) 8
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CONVENTIONAL 
SECTION

D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator

for Multidisciplinary Applications”, Quantum Beam Sci. 2 (2018) 8
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IN-AIR SECTION

In-air exit window

Multi-gap ionisation 
chamber

Faraday cup

Irradiation system

D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator

for Multidisciplinary Applications”, Quantum Beam Sci. 2 (2018) 8
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D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator

for Multidisciplinary Applications”, Quantum Beam Sci. 2 (2018) 8
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D. Margarone, G.A.P. Cirrone et al., “ELIMAIA: A Laser-Driven Ion Accelerator

for Multidisciplinary Applications”, Quantum Beam Sci. 2 (2018) 8
50

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 



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

Monte Carlo simulations

Many others ini specialised field
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Monte Carlo simulations
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…. can be of interest for the community
55

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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Dosimetric System
57

Faraday Cup for 
absolute dosimetry

Transmission 
monitor chambers 

for relative 
dosimetry

Secondary Emission Monitor
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Dosimetric System
58
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Laser-beam hadrontherapy: potential advantages
59

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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60

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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Focusing and Collecting
61
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Focusing and Collecting
62


