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Laser characteristics
Power PW order (1015 W)
Duration fews femto seconds
Intensity 1021-1023 W/cm2

Accelerated beams
Beams gamma, electrons, ions, 

neutronsEnergies MeV/GeV in broad spectra
Intensities 109-1012
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ELI (Extreme Light Infrastructure)
An European distributed infrastructure where laser-

power will be exploited

ELI-Beamlines (CZ) ELI-NP (R) ELI-ALPS (H)
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ELI-Beamlines, Prague (CZ)
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ELIMAIA 

ELI Multidisciplinary Applications of laser-Ion Acceleration 
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Talk mainstream

Hadrontherapy: advantages, its limitations

The ELIMED initiative:  
a ion beamline for laser-driven beams

Status of the realisation of the ELIMED beamline 
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Hadrontherapy
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Its advantages, its limitations
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External radiation treatment

The most common approach in cancer treatment 
together with surgery

Anatomy does not allow surgery 
Radio-resistant tumours close to organ at risk

HADRONTHERAPY  
and the debate  
in the medical community 
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The medulloblastoma case

Protontherapyx-Ray therapy
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The 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

Reduction of secondary tumour risk
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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
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Are new acceleration solution available,  reducing cost and size 
still maintaining quality?
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Research for a ‘dream’ solution
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can we reduce size, complexity and cost without loosing the quality ?

Multi-beam and modalities

Simple
Small

Cheap (order of 10 M€)
Widespread
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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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Bulanov et al. REVIEWS OF TOPICAL PROBLEMS (2014)

Mul$%source+machine+to+deliver+different+kinds+of+beams+
according+to+the+specific+requirements:+γ,+e%,+p,+n,+ions.+
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The ELIMED initiative
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ELI-Beamlines MEDical and multidisciplinary applications



GAP Cirrone, pablo.cirrone@lns.infn.it 17

Try to fill this table

Conventional beams Laser-driven 
beams

Maximum energy 250 MeV  
400 AMeV 

?

Current order of nA ?

Monochromaticity ΔE/E ≤10-2 ?

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

Radiobiology Almost known ?

ELIMED goals
Answer to the question

can we use laser-ions for medical/multidisciplinary applications?

Beam control
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ELI-Beamlines (Prague, CZ) within 2017

Flexible, modular, Users’ addressed

ELIMAIA final goal: Users’ beamline realisation
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2011

2013 2014

2012ELIMED history
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Graphics by J. Grosz 

L4-PW 150J/
150fs 

L3-PW (10Hz) 
30J/30fs 
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ELIMED 

Courtesy of D. Margarone 

ELIMAIA hall and the ELIMED beamline
ELI Multidisciplinary Applications of laser-Ion Acceleration 
ELI MEDical and multidisciplinary applications 
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The ELIMED beamline
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Implementation status

Three ingredients:  

 Beam transport solutions 
 Diagnostic and dosimetry 
 Monte Carlo simulations
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Collection and 
diagnostics 

Selection, transport 
and diagnostics 

Dosimetry and 
sample irradiation 

ELIMED beamline
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Collecting and focusing:  
permanent magnetic quadrupoles

High field uniformity  
(2%  in radial direction)  

and  
gradient 100 T/m on 36 

mm bore 
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Collecting and focusing:  
permanent magnetic quadrupoles

Quadrupoles delivering expected within September 2016
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Energy selection
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•  30 mm collimator upstream and downstream 
(200 mm far from dipoles)  
•  Variable slit aperture size  
(4 to 20 mm)  

Public tender will 
be launched  
this month
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Dose: 0.05 Gy/bunch
Fluence: 3*107 H+/cm2

Dose rate: 3 Gy/min
60 MeV case

Angular divergence: 5° (FWHM)
Angular divergence: 12% (9.2 *107 H+/bunch)

30 MeV case
Dose: 0.35 Gy/bunch
Fluence: 3.4*108 H+/cm2

Dose rate: 21 Gy/min

Angular divergence: 5° (FWHM)
Angular divergence: 14% (3.2 *109 H+/bunch)
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Beam-transport prototypes  completed  
(up to 30 MeV)
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QUAD 1 out ︎ QUAD 2 out ︎

0.7 mm︎

12 mm︎ 14 mm︎

4 mm︎

0.9 mm︎

12 mm︎

3.5 mm︎

20 mm︎

beam  

20 mm︎

1 ︎ 2 ︎ 3 ︎

INFN-LNS conventional 
30 beams
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ELIMED R&D: beam transport and 
selection prototypes
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Permanent(Magnet(Quadrupoles((PMQs)(prototype(
characteriza9on(at(LNS=INFN(

V.#Scuderi#et#al.#(SPIE#2015,#Prague)##

ESS!

Target Au!
10 �m!

Imaging Plate detector!

dipole !

Slit aperture 
500 micron!

Selection Slit 3mm 
x 6mm!

Collimator 
3mm!

Collimator 
3mm!

Hybrid'Halbach'array''

beam((

20 mm︎
1 ︎ 2 ︎ 3 ︎

4(MQs︎
Net(bore(20(mm((
Lengths:(2x80mm;(2x40mm(
Gradients:(103(T/m;(100(T/m(

ESS(test(experiment(@(TARANIS((
(Queen’s(University(of(Belfast)(

SELECTED(BEAM(
Ep(:(4.5(±(0.3(MeV((
(ΔE/E(=(13%)(
(
Ep(:(7.4(±(0.6(MeV((
(ΔE/E(=(16%)(

INPUT(BEAM(
Ep:(1=10(MeV((ΔE/E=100%)(

Currently tested at LOA  
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Integral = 109

Integral = 107 

0.1 Gy per shot

LOA run (Paris, F) is running — PRELIMINARY
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Diagnostics and  
Absolute dosimetry

31

Beam characteristics:  

 Energy spread 
 High intensities (10^9 Gy/min) 
 Shot to shot low reproducibility 
 Electromagnetic noise 
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Diagnostics and dosimetry

In-air final section 
(dosimetric system) 
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Diagnostics and dosimetry

Time of Flight approach 
On-line energy distribution and flux for p up to 60 MeV 

Detector requirements 
Radiation hardness 
Time resolution

Diagnostics along the beamline
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On-line beam emittance measures

‘pepper-pot’ approach
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On-line beam emittance measures

Grid characteristics 
Tantalum 
13 mm in thickness 
4 mm pitch 
1 mm hole diameter

‘pepper-pot’ approach
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Grid

Detector

Mirror

Tests with conventional 
proton beams ongoing

Monte Carlo simulation 

On-line beam emittance measures
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Diagnostics and dosimetry: in-air final 
section
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Diagnostics and dosimetry: in-air final 
section

On-line relative dosimetry 

Absoulte dosimetry 

and sample irradiation 

SEM 
Multi-gap chamber 

Irradiation system 

Faraday cup 
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Diagnostics and dosimetry: in-air final 
section

Passive 
detectors: 
RCF 
TLD 
CR39 On-line relative dosimetry 

Absoulte dosimetry 

and sample irradiation 

SEM 
Multi-gap chamber 

Irradiation system 

Faraday cup 
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Beam%intensity
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Collection%Efficiency%depends%on:
• Electrode%voltage%V
• Electrode%distance%d
• Ionization%charge%density%%n0

If##V/d2 is#fixed,#the#ratio#
between#the#currents#
measured#in#the#two#ICs#
only#depends#on##n0

absorbed(dose(to(water
Dw,Q= MQ ND,w,QokQ,Qo

beam
quality
factor

calibration
coefficient
at8Qo

corrected8
instrument8
reading8at8Q

MQ =$Mraw kTP kelec kpol ks

Volume8recombination effects8due8to8high8ionization8density
! large8uncertainties (>>83%)8
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Thanks'to'the'the'different'
gaps'we'can'correct'for'the'
charge'recombina6on'effects'
at'very'high'beam'intensity''

On-line dosimetry: multi-gap  ionisation 
chamber
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Main requirements of the application 
Accurately simulate the particle source using PIC 
Implement magnetic and electric fields described by maps 
Provide a graphical user interface to easily modify geometry 
Provide tools to easily retrieve output information on specific virtual 
planes 
Energy spectrum, emittance, fluence, dose 
The secondary radiation produced along the beam line 

ESS

ELIMED Monte Carlo simulations

Multigap chambers
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ELIMED Monte Carlo simulations

PMQ Faraday cup 

Tracks in magnetic fields Tracks in electric fields 
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ELIMED Monte Carlo simulations

The complete simulation with Geant4

Quadrupoles Dipoles  
for energy selection

Conventional section
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On-line relative dosimetry 

Absoulte dosimetry 

and sample irradiation 

SEM 
Multi-gap chamber 

Irradiation system 

Faraday cup 

42

Radiobiology

Cultural heritage

Radiation damage

Proton imaging

Detector and dosimetry tests-bench
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Conventional beams Laser-driven beams

Maximum energy  250 MeV  
400 AMeV 😃 (250 😟 ?)

Current order of nA 😃

Monochromaticity ΔE/E ≤10-2

Broad beam:  
optical solutions, target 

solutions?, both? 😟

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

Radiobiology Almost known 😟
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Conclusions

Hadrontherapy, its advantages, its limited spread 

Laser driven ion beams as possible future alternative  

ELIMED: a Users’ open transport beamline for laser-
driven ion beams equipped with dosimetry for 
multidisciplinary studies will be ready in 2018  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2nd ELIMED Workshop and Panel,  
18-19 October 2012 @ INFN-LNS, Catania 



46



46

INFN:	  
A"li	  Andrea	  ,	  Calabre.a	  Luciano,	  Candiano	  Giacomo,	  Cirrone	  Pablo,	  Cu.one	  Giacomo,	  
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Thank you 
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Thank you
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