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Can laser-accelerated ions be feasible for
medical purposes ?




Hadrontherapy: breast treatment




Hadrontherapy: the medulloblastoma




Hadrontherapy: the medulloblastoma

Reduction of secondary tumour risk:
medulloblastoma case

Pediatric Medulloblastoma: The yearly risk of getting a
secondary tumor was estimated to be 8 times greater with X-rays
than with proton therapy ?

Tumor Site Proton X-rays/IMRT
Therapy

This chart compares the
Oo/o 1 1 0/0 rates of secondary tumors
for a pediatric patient
treated for
medulloblastoma.

Data shown are from a study
that compared treatment plans

All'S d IMRT= intensity modulated radiation
econdary 0 (o) tharams 18 hime of Yorms tharsmnu
Cancers 5 /O 43 /O therapy (a type of X-ray therapy)

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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Complex

ourtesy of Siemens
And the University of Heidelberg, Germany

Huge

Gantries

Expensive
(order of 100 M€)

Stationary Beam

Limited




REVIEWS

Charged particle therapy—optimization,
challenges and future directions

Jay S. Loeffler and Marco Durante

Abstract | The use of charged particle therapy to control tumours non-invasively offers advantages over
conventional radiotherapy. Protons and heavy ions deposit energy far more selectlvely than X-rays, allowing

a higher local control of the tumour, a lower probability of de
and the chance for a rapid recovery after therapy. Charged ¢
located in areas that surround tissues that are radiosensiti
limited. Current trial outcomes indicate that accelerated ior
treatments, which might be beneficial as the success of su
the expertise and experience of the surgeon and the locatic
number of controlled randomized clinical trials have made ¢
Therefore, although the potential advantages are clear and
controversial. Research in medical physics and radiobiolog)
the benefits of this treatment.

Loeffler, J. S. & Durante,

NATURE REVIEWS \ CLINICAL ONCOLOGY
©2013 Macmillan P

rate capabi 1ty; anc

Research and development in the fleld of acceleratorg

should be towards a reductlon of costs, while main-

taining or improving the performances of the current

machines. Possible new accelerators for CPT'** include
synchrocyclotrons, rapid cycling synchrotrons, fixed-

field alternating gradient rings, cyclotron-linac combi-
> | nations, dielectric wall accelerators,and lser_lnr

stages of design mat"{lrlty but all offer promising design

features to offset the shortcomings of current synchro-
trons, 1nclud1ng fast scannlng capablhtles, reduced size,
“ultimately a lower cost and a shorter
treatment time.®




Research of a “dream’” solution

can we reduce size, complexity and cost without
loosing the quality ?
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Research of a “dream” solution

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

Fast ions

Electron cloud

Proton beam soyfce
Laser trasmitter PET
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Control
system
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Accelerated lons (7 Sl \ Accelerated lons

An intense laser field
(> 10'® W/cm?) blows-off >
electrons from a target surface Y ..¥ .

(RPA) current

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 g

Electron cloud



Acceleration mechanisms

; ser mwmsuxy L.».wm ed mr—.:xmum wuww- /ions
EW/em2 i e ».,wci'gm. 4{ MeV ]

Target Normal Sheath
Acceleration




Maximum energies and spectra

Towards radiation pressure acceleration of protons using linearly

65+ MeV Protons from Short l& aser Micro. polarized ultrashort petawatt laser pulses
@g Ku Lee, Tae Jun Yu, Il Woo Choi,

Cone-Target Interactions' S.A. GAILL FZD/UNR, K.A. | Jong Kim, Ki Hong Pae, Chul Min Kim, Hyung Taek Kim, Jae Hee
FLIPPO, D.C. GAUTIER, D.T. Ol*l‘Ll%& N, J.B. WORKMAN, F. Chang-Lyoul Lee, Kee Hwan Nam, Peter V. Nickles, Tae Moon Jeo gmm Lee
ARCHULETA, R. GONZALES, T. I .P. JOHNSON, S. LET- (Submitted on 1 Apr 2013)

ZRI\]G D.S. MONTGOMERY, ? SHBIADA LA\IL T. Particle acceleration using ultraintense, ultrashort laser pul ne of the most attractive topics in relativistic laser-plasma
LOCKARD Y. SEN lOKU \VL.\ STLRI\, J.E. MU- research. We report proton/ion acceleration in the inten\ty ge 0 19 W/cm?2 to 3.3x1020 W/cm?2 by irradiating linearly

CINO, AOSS, U of M B GALL, U of Mo, Columbia, polarized, 30-fs, 1-PW laser pulses on 10- to 10@%gm-thIck po rg ts. The proton energy scaling with respect to the
E. D'HUMIERES, L rdcaux l I GEISSEL, M. SCHOLLMEIER, intensity and target thickness was exammed X enmen on trated, for the first time with linearly polarized light, a

transition from the target normal sheath on to 1 pressure acceleration and showed a maximum proton energy

SNL. :\I. BLSS.\IA .l E CO\\AN l . KLUGE. -]..\I. RASSUCIIINE, of 45 MeV when a 10-nm-thick targ d|ated bxl

further supported by two- and t i ensional partic

r mtensnty of 3.3x1020 W/cm2. The experimental results were
<in-cell simulations. Based on the deduced proton energy scaling,

proton beams having an ener ~ 300 MeV should be feasible at a laser intensity of 1.5x1021 W/cm?2.

Comments: 33 pages
Subjects: Plasma Physics (physics.plasm-ph)
Cite as: arXiv:1304.0333 [physics.plasm-ph]
(or arXiv:1304.0333v1 [physics.plasm-ph] for this version)

Proton Spectra

Nx10° Protons per MeV
Integral Joules Above E

dN/dE [(MeVsr)"]
dN/dE [(MeVsr)™"]
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Phys. Rev. Lett. 85, Proton Energy [MeV]
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What we need for treatment ?

Maximum energy

urrent




ELIMED idea was born in
2012 as a collaboration
network in this field

GAP Cirrone, INFN-LNS. (1)
D Margarone, ELI-Beamlines (CZ)
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Czech:Republic
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- -
- " \z.\

new type of European large scale laser infrastructure

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




new type of European large scale laser infrastructure
eh | ) specifically designed to produce the highest peak power
delivery consortium ‘ (10 PW) and focused intensity;
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Czech:-Republic
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ELI-Beamilines
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Czech:Republic

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.)

el i

ELIMAIA ) C ) EXOi:.IC
= sources physics

Ungary Romania tbd

ELIMAIA:
ELI Multisiplinary Applications of laser-lon 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
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Vacuum chamber (2.4x1.6x0.8)m

Solenoid

XY profile det.

Quadrupol optics + ETM

TP (B+E) spectrometer:

Detector + CCD

XY profile det.
Quadrupol optic

Energy selector

Passive element:

Tonization chamber

Biological dosimeter

Beam selection and
transport

Clinical beam
delivery, dosimetry
and radiobiology



Vacuum chamber (2.4x1.6x0.8)m
Solenoid

XY profile det.
Quadrupol optics + ETM
TP (B+E) spectrometer:
Detector + CCD

XY profile det.
Quadrupol optics-
Energy selector:

Passive element:
Tonization chamber-
Biological dosimeter:

_Beam selection and

transport

Clinical beam
delivery, dosimetry
and radjobiology

Research area 1:
Target and laser
Interaction



Research area 1:
Target and laser
Interaction

Research area 2:

transport

Béam selec;‘ion a;vd
| Beam handling and

diagnostic

Vacuum chamber (2.4x1.6x0.8)m Z0 S q”nlca/ beam
Solenoid ' S o 28 delivery, dosimetry
P\ B .and radiobiology .

XY profile det.
Quadrupol optics + ETM
TP (B+E) spectrometer:
Detector + CCD

XY profile det.
Quadrupol optics
Energy selector-

Passive element:
Tonization chamber-
Biological dosimeter-




Vacuum chamber (2.4x1.6x0.8)m

Solenoid

XY profile det.

Quadrupol optics + ETM
TP (B+E) spectrometer:
Detector + CCD
XY profile det.
Quadrupol optics
Energy selector-
Passive element:
Tonization chamber-
Biological dosimeter:

Beam selection and
transport

Clinical beam
delivery, dosimetry
._and radiobiology

Research area 1:
Target and laser
Interaction

Research area 2:
Beam handling and
diagnostic

Research area 3:
Dosimetry and
radiobiology






Target Laser-
accelerated Energy selection
particles device

ESS Prototype already developed @ INFN-

Study of a quadrupole system prototype LNS:

Optimization for focusing
up to 30 MeV protons Wide energy range (1-60 MeV)

Controlled energy spread (1-30 %)

-> 3 main elements
70 mm length
30 mm bore
100 mm outer radius
~110 T/m peak gradient
1.6 T maximum field

Transversal and

highenergy 1 longitudinal moving
component '

1 smaller element for increasing

the focusing of the central
quadrupole (required for higher
energy)
40 mm length
30 mm bore
100 mm external radius
~100 T/m peak gradient
1.4 T maximum field

&=

slit position i Low energy
‘ component




Typical laser-driven experiment

initial collimator E n e rgy Se I ecto r rf':::nlllma!or

proton 3mm

target beam
>%I —
ey slit aperture
7 layers 50

selection slit Imaging Plate detector
3x6mm

dipole 0,92 T




Energy spread, fluence and

10um Au foil

as target
Laser beam
8.2cm

Experimental

transmission efficiency

Fluence:

(6.1£0.3)10° plcm?

>

Energy E+AE (MeV) Energy Spread Eiéia(:::v)
range(MeV) Experiment (%) Qi
3.9—>45 42+0.3 k7 45%0.2
4.1 —> 4.7 44+0.3 +7 /1
42 —> 48 45+0.3 21 I
40 —> 4.6 43+0.3 +7 I
6.3—>73 6.8 £ 0.5 +8 7.0 £ 0.6
6.6 —> 7.9 7.3 +£0.6 +8.5 I

Transmission efficiency

All the spectrum
N

1.6e-3 (0.1%)

Only the energy range 4MeV17% N

NR
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




Summarising the status

Maximum energy

Current

Broad beam:
optical solutions, target solutions?,
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INFN

Istituto Nazionale
di Fisica Nucleare

.%;A SAPIENZA -

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

2nd ELIMED Workshop and Panel,
18-19 October 2012 @ INFN-LNS, Catania
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Join our group, fellows for: N

expert on Monte Carlo = University of Belgrade
i YHusepautet y beorpaay
expert on charged particles transport
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_; ;' Laboratorio Nano Tecnologie
C Consiglio Nazionale delle Ricerche
Trapant ‘ l

Istituto di Bioimmagini e Fisiologia Molecolare




Thanks for your attention
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Hadrontherapy

Conventional 15MV ::otons

radiotherapy EETE 4 SOBP Protons

Protons

Protontherapy
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