d] ')»») IN;? .
2"d European Advanced

Accelerator Concepts Workshop

La Biodola, Isola D’Elba
13-19 September 2015

The ELIMED transport and dosimetry
beamline for laser-driven ion beams

Francesco Romano
On behalf of the ELIMED collaboration

INFN - Laboratori Nazionali del Sud, Catania, Italy

francesco.romano@ins.infn.it



) o INFN_
eh " Motivations and background &~ &

Hadrontherapy: one of the most advanced and pioneering treatment modalitie
(more than 40 facilities nowadays in operation)

« Limitations to the hadrontherapy
spread:
huge dimensions
complexity
high costs (70 - 150 M€)

Courtesy of Siemens
And the University of Heidelberg, Germany

| Proton beam source
PET
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Contractfor Work 4 WORK SUBJECT-MATTER; WORK SCOPE
concluded in compliance with the provisions of Section 2586 et seq. of the Act No. 89/2012 Coll,
the Czech Chil Code (hereinafter the "Controct”) 4L The Contract concerns the design, mbli nce_optimization, and
al-|.I:%;"\IKCJIILCJI-JU“{’||'I-itﬂ:1.i“.vl°1|.~|\3)| o s delivering to the Client at the Client's Place of Business of 3 complete tran:
N o - beamiine and a number of dosimetric endpoints that will enable the users to apply
new type of European large scale laser infrastructure specifically designed to 1 TG e e b LIS b L o
! Fyalkdind dstav AV ER, vl .0 % reinafter the “System®). ermore, the scope this Contract mainl
* h w ~~ (' ' “ u “ Novig R regitared offie o Mo Soveace 2, rogie & 29 Code 11 11 : y encompasses (i) various training services to be provided to the Cient’s personnel in
st PR ol % 7‘ comphance with Artce 13 of this Contract () a royahyfree icence, I any according
represented by: prof. Jan Ridky, DrSc, in his capacity of Director L., 1o Article 14, to use the System for the purposes of the use of the EL-Beamiines
\ 1 Project after completion and (iii) the possible realization of the Additional System,
R ) tbd registered in the Register of the Public Research Institutions of the Ministry of Education, Youth subject to the exercise of the Call Option right by the Client under par. 4.6 (the
omania and Sports of the Caech Republi, System and the other parts of the works/services are hereinafter referred to as the
: “Works’).
Banking details:
UnCreiBaekCach bl 5. Signed in December 8, 2014
Account No.: 2106551053/2700 R
ELIMAIA [ X-ray sources et e Bk ik
MAIA - s pltel o1
VAT Number: (268378271 4 Signed in Prague on (J Sinedin Romeon
(hereinafter the *Chent”)
O behalfof: Fraikblnl dstav AVER, v.v.L  On behalf ok INFN, lasttuto Nazionale di Fiska
nd
12 the Contractor: 4‘/ Z /
WPI:1 e izati INFN, Instituto Natlonale di Fisca Nucleare LoD
-23er transport and characierization aving the regstered office i Via Enrco Ferm, 4000044 Fracat(Rome,haly b
” Tite:  the Director
Identification Number: F12901KA
WP2: laser-matter interaction and diagnostics regitered i the Regste of theRafan MisitryofEdcaton, Uniersy and Reseach (MIR)
represented by Prof. Fernando Ferroni, in his capacity of President

ELIMA A | G Ly e P | b.d N
ELIMED December 2014: contract with ELI-Bemlines signed

WPS: ion diagnostic, dosimetry and samples irradiation

ELIMAIA: ELI Multidisciplinary Applications of laser-lon Acceleration

ELIMED (ELI MEDical applications):
the ELIMAIA section dedicated to the transport and dosimetry
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Experimental area: basement

Basement o
Experimental Halls 2 : ]
Experimental Hall 2 Experimental Hall 3 Laser 4c

X-ray sources Plasma Physics 10 PW pulse compressors

Ul

beamlines

Experimental Hall 1 7 i | Experimental Hall 4
Material & Biomolecular 4 - - { A . ’ =3 & Proton acceleration
Applications

P ———

Experimental Hall 5 ' - ' : Experimental Hall 6
Electron acceleration ;

Graphics by Jakub Grosz



i

ELIMAIA WPs

ELIMAIA (loP-ASCR & LNS-INFN)

@ ELI-Beamlines

-

WP1 (loP-ASCR)
Laser Transport &
Characterization

WP2 (loP-ASCR)
Laser-Target Interaction
& Diagnostics

WP3 (LNS-INFN)

WP4 (LNS-INFN)

WP5 (LNS-INFN)

lon Beam Monte Carlo lon Beam Diagnostics
Transport Simulations and Dosimetry
g - Y,

ELIMED section
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» Wide angular distributions

electron
sheath

P9 proton £
M beam

» Large energy spread

pre-plasma

»

« Extremely high dose rate per pulse
107-10° Gy/min (vs 10-50 Gy/min)

ooooooooo
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g § 2 % 2 28 2

Seperated energy (MeV)

New paradigms for
beam dosimetry

»
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Dosimetry andl;
sample_in@uidiion;

Graphics by G. Gallo
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el] )l Beam collection: Permanent Magnet Quadrupole wr« |
system

- Low Br - High Hc

Stainless Steel
Screen

5 PMQs Hybrid array Magnetic field features:

e 3 main magnetization directions

e Gradients: =100 T/m

e Gradient uniformity < 2% @ R =12 mm
*Bore 36 mm (net bore 30 mm ) (80% bore)

Outer diameter: 325 mm e Integrated gradient uniformity < 0.3% @ R =
‘Lengths: 1x160mm; 2x120mm; 2x80mm 12 mm (80% bore)

The tender procedure started in August Courtesy of F. Schillaci

Inner Halbach trapezoidal sectors
Two external hybrid arrays
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d-l ) Beam collection: Permanent Magnet Quadrupole INFN
system
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Target

Beam axis

Thomson Parabola
Spectrometer line of sight

Graphics by L. Allegra Lx



)))  Beam selection and transport: Energy Selection mf@? |
e System :

4 C-shape resistive dipoles with alternating field

el

Length: 400 mm

Pole width: 300 mm

Gap: 59 mm

Drift: 500 mm

Collimators: 30 mm aperture
Slit: 30 mm on transverse plane,
variable on the radial plane
Max field 1.2 T

Collimator 2

Courtesy of F. Schillaci
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Energy Selection System
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Length (m)

Courtesy of F. Schillaci
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Beamline Optics: 60 MeV proton INEN
med (L mmotumenne
»: Quadrupoles Energy selection
i |
. —_ FHDS b1 DM
Input beam: E oY nn l . |
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Output beam:

Monochromatic

Beam spot size: 10mmx30mm

Uniform distribution in space and angle
Divergence < 0.3° (half- angle)

Transmission efficiency = 10%
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Energy Selector System (ESS)
test experiment @ TARANIS

Collimator-
D

1° Magnet
TEST at Queen’s

University of Belfast

*E,(input): 1-10 MeV
(AE/E=100%)

* E (output): 4.5+0.3 MeV
(AE/E=13%)

* E (output): 7.4+0.6 MeV
(AE/E=16%)

-

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

Collimator
3mm ES

Collimator
3mm dipole

ELIMED R&D (prototypes) el

Permanent Magnet Quadrupoles
(PMQs) protototype characterization

at LNS-INFN
o CEIT
7 ,,%.'\%.' R&EEF
1K , ! :
s2=tié
<L 277 Hybrid Halbach array

Target Au ‘
10 um |

Selection Slit 3mm .
X 6mm Imaging Plate dete

|< I
| Slit aperture

500 micron

QUAD 1 out QUAD 2 out
| | ' |
12 n~n~| 0 ' 20 n«ml e
A G e B
12 l'll'll] |14 mm
- >
b Yo

At the moment tested @ LOA (Paris, France)




Graphics by G. Gallo

Irradiation system

R

Multi-gap chamber ]




ai ) Multi-gap chamber prototype

Beam direction

Gap 1 (0.5 em™_

~ i; 12,00 E-3 | Cathode

Nitrogen/Air.\ Gap Frame

Aluminum 17,00 E-3

Anode

Kapton 25,00 E-3

cathode

Tested at LNS

» 62 MeV protons (accelerated by CS)

> pulsed beam (chopper used), 500
Ms and 10 ps pulse duration

» Data analysis in progress

In collaboration with INFN section of Turin
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An innovative Faraday Cup optimized for high pulsed ion
beams has been designed and realized at INFN-LNS

,«_I Electrons suppressors Faraday cup walls
= 180 mm = 120 mm
z

New solutions to optimize the
charge collection efficiency

See next talk by Dr. G. Milluzzo for results...
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» Design of the application for the final ELIMED beamline completed in April 2015
« Simulations of the beam transport systems carried out (quadrupoles and energy selector):
- Magnetic elements simulated and tested (geometry and field for tracking)
- Grid map for magnetic fields simulation implemented (benchmark with reference analytical
transport codes)
- Simulation outputs compared with experimental data
« Simulation of the dosimetric system prototypes carried out
- Faraday cup fully simulated (electric field implemented and secondary electron emission
studied)

Energy Selector

Faraday Cup

Quadrupoles

Geant 4



eli fl»)!’ Geant4 simulations benchmark
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Tracks in magnetic fields
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e ELIMED realization time schedule (o et

September 2015

* Feasibility study and design of the energy selection system (ESS)
®* Preliminary Monte Carlo results

March 2016

* Collection system realization

* In-vacuum/in-air beam-line design

September 2016

®* ESS realization

October 2017

* ELIMED beam-line delivery and assembled @ ELI-Beam-lines



Thank you for your attention



