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OUTLINE

Can laser-accelerated ions be feasible for 
medical purposes ?



Potential impact
Coronary artery stenosis
Secondary malignancy
Lung function

Hadrontherapy: breast treatment

Harris ERR et al.  
Late cardiac mortality and morbidity in early stage breast cancer patients 

after breast conservation treatment,  
J. Clin. Oncol. 2006 24 (25)4104

Left-sided  
breast cancer

Right-sided 
breast cancer

Coronary arthery 
disease 25% 10%

Chest pain 26% 12%

Myocardial 
infarction 15% 5%



Protontherapyx-Ray therapy

Hadrontherapy: the medulloblastoma

Mirabell RA et al.  
Potential reduction of the incidence of radiation-induced second cancers by 

using proton beams in the treatment of pediatric tumor,  
Int. Jour. Rad. Onc. Phys. 2002, 54 (3) 824



Hadrontherapy: the medulloblastoma

Reduction of secondary tumour risk: 
medulloblastoma case

Mirabell RA et al.  
Potential reduction of the incidence of radiation-induced second cancers by 

using proton beams in the treatment of pediatric tumor,  
Int. Jour. Rad. Onc. Phys. 2002, 54 (3) 824



Hadrontherapy faces a fast growing demand
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Facilities in operation 40 Under realisation 36

Particle Therapy Cooperative Group (PTCOG)  
http://www.ptcog.ch



Complex

Huge

Expensive  
(order of 100 M€)

Limited





Research of a “dream” solution

can we reduce size, complexity and cost without 
loosing the quality ?



Research of a “dream” solution

can we reduce size, complexity and cost without 
loosing the quality ?

Multi-beam and modalities

Simple
Small

Cheap (order of 10 M€)
Widespread



An intense laser field  
(> 1018 W/cm2) blows-off 
electrons from a target surface 

A strong electric field (TW/m) is 
created able to accelerate protons 

Acceleration mechanism are under 
study and many aspects have been 
still understood 

Acceleration devices more compact 
by a factor of 1/10 - 1/100



Mechanism Laser intensity 
[ W/cm2 ]

Expected maximum protons/ions 
energies [ MeV ]

Target Normal Sheath 
Acceleration  

(TNSA)
10 15 - 100

Coulomb explosion > 10 quasi mono-energetic  
50 - 70

Radiation Pressure 
Acceleration  

(RPA)
10 quasi mono-energetic 

>1000

Acceleration mechanisms
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 Snavely et al. (2000), 
Phys. Rev. Lett. 85, 

2945.

Maximum energies and spectra



Conventional 
beams   Laser-driven beams

Maximum energy  250 MeV  
400 AMeV ?

Current order of nA ?

Monochromaticity ΔE/E ≤10 ?

Stability, reproducibility, control, 
absolute dosimetry Less that 3% ?

Radiobiology Almost known ?

What we need for treatment ?



ELIMED idea was born in 
2012 as a collaboration 

network in this field

GAP Cirrone, INFN-LNS. (I)  
D Margarone, ELI-Beamlines (CZ)



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;

ELIMAIA
X-ray 

sources
Exotic 
physics ...
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ELIMAIA:  
ELI Multisiplinary Applications of laser-Ion Acceleration  

ELIMAIA is an ELI-Beamline facility 
ELIMED is a collaboration network around ELIMAIA 
 
Study, design, realization of innovative elements 
for laser-driven particle beams to be used in 
multidisciplinary applications

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 

ELIMAIA
X-ray 

sources
Exotic 
physics ...



ELIMAIA 
beamline	


@	

ELI-Beamlines (Prague)

ELIMED  
is a network



ELIMAIA site







Research area 1:  
Target and laser 

interaction
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Research area 2:  
Beam handling and 

diagnostic



Research area 1:  
Target and laser 

interaction

Research area 2:  
Beam handling and 

diagnostic

Research area 3:  
Dosimetry and 
radiobiology



Laser

Target Laser-
accelerated 
particles

Focusing system: 
quadrupoles

Energy selection 
device

Interaction point



ESS Prototype already developed @ INFN-
LNS: 
!
Wide energy range (1–60 MeV) 
!
Controlled energy spread (1-30 %) 
!

Study of a quadrupole system prototype  
!

Optimization for focusing  
up to 30 MeV protons 

!

Laser

Target Laser-
accelerated 
particles

Focusing system: 
quadrupoles

Energy selection 
device

Interaction point



Typical laser-driven experiment

Energy Selector



Energy spread, fluence and transmission efficiency 
21

Energy 
range(MeV)

E±𝛥E (MeV)  
Experiment

Energy Spread 
(%)

E±𝛥E (MeV)  
Geant4 

Simulation

3.9 —> 4.5 4.2 ± 0.3 ±7 4.5 ± 0.2

4.1 —> 4.7 4.4 ± 0.3 ±7 //

4.2 —> 4.8 4.5 ± 0.3 ±7 //

4.0 —> 4.6 4.3 ± 0.3 ±7 //

6.3 —> 7.3 6.8 ± 0.5 ±8 7. 0 ± 0.6 

6.6 —> 7.9 7.3 ± 0.6 ±8.5 //

CR39 placed after the final collimator

Fluence: 
(6.1±0.3)106 p/cm2

Transmission	  efficiency All	  the	  spectrum	  
N

Only	  the	  energy	  range	  4MeV±7%	  N
NR

Experimental 1.6e-‐3	  (0.1%) 1.7e-‐2	  (1.7%)



R&D on absolute dosimetry

a new concept of Faraday 
Cup for absolute dosimetry 
of high-pulsed laser-driven 
beams

Diamond detector, SiC, SEM, 
pixellated detectors … 
under consideration



R&D on dosimetry and radioiology

New detectors and dosimetry 

Dose-rate issues 
Instability 
Many different radiations

Are biological effects the same?



Conventional 
beams   Laser-driven beams

Maximum energy  250 MeV  
400 AMeV 😃

Current order of nA 😃

Monochromaticity ΔE/E ≤10
Broad beam:  

optical solutions, target solutions?, 

both? 😟

Stability, reproducibility, 
control, dosimetry Less that 3% 😱

Radiobiology Almost known 😟

Summarising the status



COST Institution

Int. Partner Country

Int. Organisation

15

2

1



COST Institution

Int. Partner Country

Int. Organisation

15

2

1



2nd ELIMED Workshop and Panel,  
18-19 October 2012 @ INFN-LNS, Catania 

Join our group, fellows for: 
expert on Monte Carlo 
expert on charged particles transport 



Thanks for your attention





Conventional 
radiotherapy

Protontherapy

Hadrontherapy


