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> Laser Driven Particle Acceleration

» Potential Applications
- Laser-induced Nuclear Reactions (fusion...)
- Laser-based Cancer Therapy (hadrontherapy)

> Particle Acceleration at ELI-Beamlines

- lon Acceleration beamline
- Electron Acceleration beamline
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Light Amplification by Stimulated Emission of Radiation

etore. g er Components of a typical laser system
Bcitedled —@r— Fly — — - 1. Gain medium
% 2. Laser pumping energy -
AVAVAVAY, o .
,\,@(,\,;.. hy 3. High reflector Q\
Incident photon AFE M@’(,V, 4. Output coupler
5. Laser beam
Gaudled — F, — 00—
Atom in Atom in
excited state ground state i
E2 — El = AF = hv . .
Types of lasers: Gas lasers; Chemical lasers; Excimer
lasers; Solid-state lasers; Fiber lasers; Photonic crystals
- Laser Energy: E_ lasers; Semiconductor lasers; Dye lasers; FEL
- Laser pulse duration: 1,
- Laser peak (or average) Power: P, =E /1, e.g. ELI-Beamlines L3 laser
- Laser Focal Spot (diffracion limit) E,~30J
- Laser Intensity: I, =P /S=E /(St) 1~ 30 fs = 3x10'1s
P,=1PW =10 W (peak)
N | <P, >= 300 W (average @ 10 Hz rep. rate)
04 g oF I, ~ 1022 W/cm?2
o oo o, ;L
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CERN Accelerators

(not to scale)

LHC @ CERN
- circular tunnel (27 km long!!!)
- superconductive electromagnets
- proton energy: 4 TeV

0.999999c¢ by here

nasurings 1o Giran Sasso (1) . A 0.876 by here

LHC: Large Hadron Collider

SPFS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy Ion Ring

CNGS: Cern Neutrinos to Gran Sasso

0.3c by here

ndoli LEY, %5 Dvison, CERN, 020896
Revi dﬂ#ﬂh‘-\—-ﬁwhwm
B Collaborson weh B Destorges, 3L D4y, asd

103, Manglei, 5 D mn:]mm

Start the protons out here
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Standford University - SLAC

Damping
Rings

e o FACET o
Main Linac - - ,nﬁﬁbfo: - -
; =% N

Experimental Areas at SLAC

Linac 50 GeV PEPII
SPEAR 4 x 4 (1/2 S5RL) LC

PEP 20 x 20

PEP-I1 9 x 3.1

SLC 50 x 50 Final Focus

Test Beam

Linac (linear accelerator)
2 Miles "~ Fixed Target
—

Area (ESA)

— — —
Flectron \I‘I]Z'.R
SLAC Gun -, _Positron Experimental
. Damping Production PEI-'II;:}'I:“
- linear accelerator (3 km lonqg!) Rings
- electron energy: 50 GeV ﬁm PEP _,f
Scale in Feet
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(associated e.m. fields)

Fastions

_ (laser intensity) =
Direct Laser interaction:
« E~ [ Y?A =10 V/m
eB=E/c=3x10°T Blow-off g
P,.y = I /c = 3x10%° J/cm?3 = 300 Gbar

Laser-Matter interaction: = om
» Debye Length: === |4 =247 s = = | = few pm!

. . 2 2
« Acceleration time: ==|; ”’ on _(24p ﬂ ”hot == few ps!
» Electric Field: == |r= %zm == several TV/m!

Energy gain for ions in laser-plasma accelerators:
tens of MeV in a few um!!! (no break down limit in plasmal!l!)
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U Laser Plasma Accelerators

beamlines

el

E-field max = few 10 M V /meter (Breakdown)

RF Cavity Plasma Cavity

.- i l/ : \i
e o oreg .r-o 'om. 0-4. =
% _"‘,. “ 4

‘ B
i SR
-
.

| m=> 100 MeV Gain Ilmm => [00 MeV
Electric field < 100 MV/m Electric field > 100 GV/m
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beamlines

(@) (b)

Target foil ~ 5-50 um

Hot electrons

Expanding
pre-plasma

E,(r,z,t)

(Target Normal Sheath Acceleration)

®lon @Electron

< \t. Sy l ® °
;'/' - g R .
o
Random /

Critical
| (W/em?) density ‘
10'° BApansan Directed plasma
(2_, ] expansion
ns
10 > time
TNSA mechanism TNSA features

Typical Laser Intensity (1018-102° W/cm?)

Accelerated Relativistic Electrons (multi MeV)

traverse the thin target (0.1=100 um).

The H-ultrathin rear-side layer is ionized by the

electron beam and protons are generated.
The fast electron cloud builds up a quasi-
electrostatic field exceeding ~1 TV/m

accelerating protons in the forward direction to

multi-MeV energies.

-

#

lons are accelerated along the target normal
lons with the highest charge-to-mass ratio
(protons) dominate the acceleration

Large proton number:; 10191013
Exponential ion energy distribution
Short bunch duration at the source: few ps
High Beam Currents: few kA

Low emittance: € ~ 5 -10° T mm mrad
High Beam Divergence: 10-20°

Low shot-to-shot reprodgcibility
|
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M. Borghesi, N

IMA740 (2014) 6
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beamlines

e (Radiation Pressure Acceleration)

T. Esirkepov, M. Borghesi, S. V. Bulanov, G. Mourou,
T. Tajima, Phys. Rev. Lett. 92,175003 (2004) RPA features

» The e.m. wave is directly converted into
v=pPc lon energy via the space-charge force
related to the displacement of all electrons
in a thin (nm scale) foil (collective effect)
= All particles have the same velocity:

\ guasi-monochromatic energy spectrum

((i\‘(o(' = Production of GeV-scale proton beams
= Ultrahigh intensities (>1022 W/cm?2)

= Ultrahigh laser contrast is required

incident
wave

electrons

A 4y° 2

Courtesy of S.V. Bulanov

- 20
PIC simulations for multi PW-class laser

v _Laser intensity: >1022W/cm?

v _Protons/ions: narrow energy spectrum
(spread <29%), high energy (>1GeV),
high efficiency (1>0.7)

Y §
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Emerging lon Acceleration mechanisms

[y
]

S. Kar et al., PRL 109, 185006 (2012)

[y
*

10!
H. Henig et al., PRL 103, 245003 (2009)

101 102 10 10 l

lon energy ( MeV/nucleon)

10° 4
IT/o a) |5 —— -
£ ©He I
> Hole boring > '5 s
> Light sail RPA 2 0} fo B Se2 C¥ dire
> Relativistic transparency % L J “%f-;'-jj‘f:;-;-;~..-.--.--.-;;-.--_.._..__,___
» Shock acceleration 2 G
» Directed Coulomb Explosion = 5 »‘:h.. """"" e
> Enhanced-TNSA X "‘*-’-555-“,-..-.:;’;.'-+-+-z—;.;;.'.'f.'.'_'_'.'.‘f.'_'ff_'.'ffff_'.'.'.'f.'.'.'.'
N N N
@Evzikélnmstav % - 0 5 10 15 20 25 30 35 40 45 50
Akademie véd CR, v. v.i. S GRorsawe target thickness (hm)
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beamlines
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um-target

Increase of photoelectron generation (low laser intensity):

protons M. Raynaud and J. Kupersztych, Phys. Rev. B 76 (2007) 241402
/.
________ . Increase of X-ray emission:
' H.A. Sumeruk et al., Phys. Rev. Lett. 98 (2007) 045001

Increase of proton acceleration efficiency (PIC simulations):
TNSA Y. Nodera, S. Kawata et al, Phys. Rev. E 78 (2008) 046401
O. Klimo et al., New J. of Phys. 13 (2011) 053028

protons 14 w w w
"""" - 5H | EH :
Enhanced e Increase of hot electron temperature (stochastic heating)
TNSA um-target in sub-micron clusters:

Boris N. Breizman Phys. Plasma 12 (2005) 056706
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) Target geometries

beamlines

el

Target morphology

* monolayer of closely
packed polystyrene
spheres

* 1 um mylar substrate
a) PET-266: 1 um mylar + 266 nm polystyrene spheres

. self assembly in water b) PET-535: 1 um mylar + 535 nm polystyrene spheres
(@ CTU in Prague) c) PET-920: 1 um mylar + 920 nm polystyrene spheres
d) PET: 1 um mylar (planar target)

D. Margarone et al., Appl. Surf. Sci. (2012)

Laser damaging threshold

v’ ns-regime o AR * melted
no damage for I, < 3x10° W/cm? ~ B ”

v fs-regime = ASeSSaNResseoands. - evaporated
no damage for I, < 10 W/cm? ' R I

=
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W Experimental setup @ CoRelLS-APRI

beamlines

el

T. M. Jeong et al., J. Korean Phys. Soc. 50 (2007) 34 TOF+TP TOF

Laser parameters
» Max. laser energy/power/intensity:
- without PM - 23, 70 TW,
1020 W/cm?
- with DPM - 1J, 35 TW,
5x10¥ W/cm?
» Pulse duration : 30 fs
» Wavelength: 805 nm L or K
> Polarization: p monitoring e, \
» Standard spot diameter: 5 um Targe U N
(FWHM)
» main/pedestal contrast:
- without PM = ~10” @ 6 ps
- with DPM - ~5x10! @ 6 ps

A 4

Pedestal intensity ~108 W/cm?2
No laser damage for our nanostructures!!! 1"

1 Laser

22.50 \22.5°

SiC-TOF
HEETS B S

@Eyzikélnmstav % - '\@r D iesrce TN
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beamlines
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Thomson Parabola spectrometer & TOF

500

measurements (simultaneous) + RCF 1o
Photomultiplier 400 -
tube  ~
a'b'
173
Filters /“- _ =00
P &
*7\ Lens >
Aperture i lon 200 s
1:5'. Aperture detector :qg:
ER] [N |
e = A
> ::_._H_-;T" ng% _____________ > 200 300
—i, \ = TOF @ 2.83 m [ns]
0
Plastic Reflection  Electrodes 0 100 200 300 400 500
scintillator mirror and magnets X [pxI]

I.W. Choi et al., Rev. Sci. Instr. 80 (2009) 053302
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10 20
—B— Max. prot. en. —@— Tot. Prot. En. }
1—[— Simulation --& - Tot. lon En.
8_ B 1.5um (exp.) o, \
5 _—15
e
| W
wD_
_________ _ |5
T T T 4 I ! 1 ! ! O
0 200 400 o600 800 1000
Spheres' diameter [nm]
PRL 109, 234801 (2012) PHYSICAL REVIEW LETTERS 7 DECEMBER 2012

Laser-Driven Proton Acceleration Enhancement by Nanostructured Foils

_ D. Margarone,! O. Klimo,"? I.J. Kim,? J. Prokiipek,"* J. Limpouch,’> T. M. Jeong,® T. Mocek,! J. Pdikal,"* H. T. Kim,? -
J. Progka,” K. H Nam,® L. Stolcova,” 1. W. Choi,* $. K. Lee,” J. H. Sung,” T.7. Yu,? and G. Korn'
@ F 2 Unstitute o{ Physics of the ASCR, ELI-Beamliines/HILASE project, Na Slovance 2, 18221 Prague, Czech Republic
—J= X Crech Technical University in Prague, FNSPE, Brehova 7, 115 19 Prague, Czech Republic 17
Advanced Photonics Research Institute, GIST, 1 Oryong-dong, Buk-gu, Gwangju 500-712, Republic of Korea

(Received 3 June 2012; published 3 December 2012) _
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dll beamlines
» Max. proton energy Stealth target for ion acceleration!
- PET: 5.3 MeV
- PET-535: 8.6 MeV
- energy increment: 62%
» Relative proton accel. conv. efficiency
- Npersas/Mper: 6.9 (1-9 MeV)
- Npet-s3s/Mper: 10.8 (4-5 MeV)
efficiency estimation: 1.4% (PET), 9.4% (PET-535)

1012

— PET (exp.)
---- PET (sim.)
—— PET-535 (exp.)
---- PET-535 (sim.)




) Numerical projections
for a «PW-class» laser

el

beamlines

0.5 PW on target max. energy | proton number |proton number
(DPM) (28.5; 31.5) MeV | (57; 63) MeV
m_ 85 MeV 0.8x10° 0.1x101°

130 MeV 1.5x1010 0.5x101
linear, 1 pm, nanospheres 9}1\.4931 2.2x1010 5x1Q10

linear, 1 pm, gratings 140 MeV, 1.1x1010 O 9x1010

—_— o = —_— o =

2D PIC simulations by J. Psikal (CTU, Prague)
Laser inputs: 30 J, 30 fs, 3 um (FWHM), 1.4x10%2 W/cm? (a,=81)
Target inputs: CH, (200 n. electrons of density), normal incidence

[N L2 °
Fyzikalni Ustav e - N
4 i DO ROZVOJE o 2007-13
evropsky MINISTERSTVO SKOLSTVI p— VZDELAVANI
MLADEZE A TELOVYCHOVY eavani at

OP Vyzkum a vyvoj
i

Akademie véd CR, v. v.i. bbb i EVROPSKA UNIE
fondv CR




el

W Improving the ion beam divergence

beamlines

PIC Simulations Experiment
RCF Stack
Probe proton beam
LASER >

_|III|“ A

Short pulse beam B1

10 pm 2
Au foil Radiographed
focusing ion beam

Short pulse beam B2 X

S. V. Bulanov, et al., JETP Lett. 71, 407 (2000)
S. N. Chen, et al., Phys. Rev. Lett. 108, 055001 (2012)

a

@ ®) Proton distribution
30 — . . 0
25| 5 i
1| e 7 ' R |
5 | ) R ' l |
R IS T TR TR TR "o s w0 s w3 30

Y/ A

X/ A

Plain target Multihole target

K. Takahashi, S. Kawata et al., Phys. Plasma 10 (2012) 0931102
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W Laser Driven Electron Acceleration

el

beamlines
(Laser Wakefield Acceleration)
o Plasma density
=40 TW, 30 f5, N=1-3x10!7 —4x101em L}:‘\N%X n,=2.10"¢ cm-
% VA ospho
% =107 W/em? He gas Pscr:l;n'/ @
z 0 0
: 3 =
A 2 mm nozzle ¢ beam charge g=0.5nC 4

Trapped

slectrons Intense laser

/ 7, - pulse duration

lonization Front

Instantaneous Ay - plasma wavelen

electron density
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GeV, quasi-monoenergetic electron beam
W. Leemans et al., Nature Phys. 2 (2006) 696

Review of laser driven electron accelerators >00

- E. Esarey, C. B. Schroeder, and W. P. Leemans, \ J_
Rev. Mod. Phys. 81 (2009) 1229

- W. Leemans & E. Esarey, Phys. Today 62 (2009) 44

250 1

pC GeV-!

Figure 6. A 2-TeV electron-positron collider based on laser-
driven plasma acceleration might be less than 1 kmlong. Its
electron arm could be a string of 100 acceleration maodules, 0
each with its own laser. A 30-) laser pulse drives a plasma ‘ T ‘
wave in each modules T-m-ong capillary channel of pre- 090 095 1 00 1 05 1 1 0
formed plasma. Bunched electrons from the previous module
gain 10 GeV by riding the wave through the channel. The Gev
dhain begins with a bunch of electrons trapped
from a gas jet just inside the first module’s

o) plasma channel. The collider’s
Po&b positron arm begins the same
Ong way, but the 10-GeV elec-

trons emerging from its first

Applications of laser driven electrons

4 module bombard a metal V. Malka et al., Nature Phys. 4 (2008) 447

target to create positrons,
which are then focused and
injected into the arm’s string

_Of mf)dules and accelerated Electrons Laser pU|Se
K—\ ——

Gas jet just like the electrons.

Positron production target

y < .;g:;

'\ /"\/

Plasma wake
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beamlines

el

» Potential Applications
- Laser-induced Nuclear Reactions (fusion...)

- Laser-based Cancer Therapy (hadrontherapy)
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ei Laser Driven lon Applications

beamlines

v Diagnosis of intense interaction phenomena by Proton Radiography
v WDM (warm dense matter) by Proton Heating
v’ Laser fusion by proton Fast Ignition

v" Nuclear Reactions Initiated by Laser-Driven lons (PET, fast neutron radiography,
proton-boron fusion, ...)

v' Hadrontherapy

v" Technological Applications (ion implantation, ion lithography & micromachining,
ilon-induced material modification, ...)
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U Inertial Confinement Fusion

beamlines

el

1

v
S

1. Laser beams rapidly heat the surface of the

fusion target, forming a surrounding plasma

enve I 0 p e. 2H Fusion Reaction Cross-Sections
2. Fuel is compressed by the rocket-like i
blowoff of the hot surface material. © " e AN
3. During the final part of the capsule ““‘e"“"\ He § BN A
implosion, the fuel core reaches 20 times the [17.6 MeV] § i ‘{“//Ej‘&
density of lead and ignites at 100,000,000 "C. | 3y § ¥ it s

4. Thermonuclear burn spreads rapidly 600 8 B ,[/ =
through the compressed fuel, yielding many = e b :
. ] ritium Sy ol Light Particle (porD) in Kev
times the input energy. “

= = H p: 1INISTER rvi OP Vyzkum a vyvoj
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Indirect drive laser ICF uses a "hohlraum" which is
irradiated with laser beams from either side on its
inner surface to bathe a fusion microcapsule

inside with smooth high intensity X-rays.

Fast ignition

___Laser-induced generation
of relativistic particles

Relativistic energy-deposition
in ultradense plasmas

Compression of DT
fuel to hundreds g/cc

____ Transport of relativistic
particles in plasmas

Ignition and

burn propagation
Alpha and burn physics -« |
Hydrodynamics

-+ Relativistic particle transport Fast ignition is a

— Relativistic laser-plasma interaction multidisciplinary problem

‘@ Fyzikalni Ustav B W G e
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) Laser Induced Proton-Boron Fusion

beamlines

el
First investigation in the 1930s:

11 Oliphant & Rutherford, L. Proc. R. Soc. London A 141 (1933) 259
+ +8.7M )
B P = 3a+8.7MeV Dee and Gilbert, L. Proc. R. Soc. London A 154 (1936) 279

Interest for future «ultraclean» nuclear fusion reactors:
Rostoker et al, Science 278 (1997) 1419

Kulcinski & Santarius, Nature 396 (1998) 725

Hora et al, Energy Environ. Sci. 3 (2010) 479

Numerical & Exp. (standard accelerators) studies:
Dmitriev, Physics of Atomic Nuclei 72, 1165 (2009)
Stave et al, Phys. Lett. B 696 (2011) 26

Experiments of Laser Driven p-B fusion
Belyaev et al, Phys. Rev. E 72 (2005) 026406
C. Labaune et al., Nat. Comm. 4 (2013) 2506

14 — This paper
- : ! o Becker et al
Maximum cross section: 675 keV (p) 12 [\ s Segel etal
1.0 A Symons and Treacy
Main channel: a. energy of 2-6 MeV (maximum L H e
@ ~4 MeV) = 1 X |
© o8 . Nevins & Swain, Nuclear —
Secondary channel: a energy of 6-10 MeV o4 j{ g a&‘ Fusion 40 (2000) 865 -
' - 0.2 I| ? . 1 S #%M%M@W I -

@Eyzikélnl'ustav S eEg -
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L Our experiment @ PALS

beamlines

Laserlab Europe project: Laser energy: 500 J \ ‘ P
PALS 001770 (January 2013) Laser pulse: 0.3 ns (FWHM) |~
Laser wavelength: 1315 nm P/‘ LS
Focal spot diameter: 80 pm /"’

0-1 (0-1 ns): 2mJ = 3x 1010 W cm2
-1 (1-1.85 ns): 55J - 10 W cm~?
lI-111 (1.85-2.15 ns): 500 J > 3% 106 W cm-2

10°

10° 0 Im

E (Ons,1ns) = 1.68 mJ

E,(1ns,1.85ns) = 56 J

E (1.85ns, 2.15ns) = 488 J
1 |

-05 00 05 10 15 20 25 3.0

1, [ns] )8
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PM-355

45 Deg. 50 cm N TP IMAGE

sic PM-355 B+E

60 Deg. 124 cm | 15 Deg. 50 cm

\ PM-355
PM-355 0 Deg. 50 cm
50 Deg. 50 cm\k '

MCP

p +B =30 + 8.7MeV
o o o

SiHB SiH

=

FOCUSED
LASER BEAM

=

SiHB,y: 0.5mm thick, 1022 cm3 1B (@190 nm)

5x10%8 0

400 4.5

IN

350
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250
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150

100 N \
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1.0x10°-

PHYSICAL REVIEW X 4, 031030 (2014)
Boron-Proton Nuclear-Fusion Enhancement Induced in Boron-Doped I

Silicon Targets by Low-Contrast Pulsed Laser
A, Picciotto,lﬁ D. Margarone,z’}r A. Velyhau'l,2 P Be]luﬂ:i,1 T. Kralsa,2 A, Szydlowsky,g’4 G. Bermccio,5 Y. Shi,5 I
A Mangione.® J. Prokupek,®” A. Malinowska,* E. Krousky,® J. Ullschmied,® L. Laska® M. Kucharik,” and G. Kom? I

5.0x10°1

» Maximum alpha yield: 10°%/sr/pulse
\ > Total alpha number: 4 x 108/pulse
o0 - 2 x 103 times higher than Belyaev et al.
0O 10 20 30 40 50 60 (correction suggested in Kimura et al, PRE
Angle [degrees] 79 (2009)) with 1.5-ps pulse width and 2 x
108 W cm~2 intensity
p - 100-times higher than Labaune et al.
(107/sr/pulse) with two laser beams (ns and
—— alpha (SIC-fit ps) and two targets.
——Prot.(TF) > Long laser pulse (ns-class), low contrast, maximum
: nominal laser intensity about 100-times lower
10°. (3x106 W cm2)
] a, » High directionality, high current ion beams with
very compact systems compared to conventional
21 @y (8.9 £12%) MeV o accelerators
P 10— > To be used “in-situ” in laser plasma experiments:
1 10 ; investigations on ion stopping power in plasma, on
Energy [MeV] fusion cross section in plasma, or as diagnostic tool

dCR ii

Particle Yield [sr]

[N
o
[N

[HEN
o
|
A

o, (4.6 =20%) MeV

dN/dE (MeV)™

[3S)
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U Medical research: Why?

beamlines

Goal: use laser-driven ion beams for future applications

4

Good candidate as demonstration-case since medical
applications are the most demanding in terms of beam
characteristics and performances because they require the best
effort in terms of:

» beam delivering system
» development of advanced diagnostics
» absolute and relative dosimetry

@ Fyzikalni Ustav 2 B
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eli M.

Site of cancer #
100 b= :
> iy Physical R i
2 advantages
eV protons . e & } e
% ; b
3 1 MeV/u a-particles i-w&-& W
;0 Neutron beam ) ] :
BlOIOglCaI 1 MeV/u C ions %
- advantages ~
_____________ Protonbeam ...t " o
= | e Density of secondary electrons is
RO Prticie-oemmriammen) . higher for charged radiation and it
- enhances DNA double strand break
0 0 10 15(cm)

Depth from body surface (cm)

PROTONS PHOTONS

Protons/ions allow precise
tumor irradiation minimizing
doses to healthy tissues

o S 2007- 13
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W  PT faces a fast growing demand!

el

beamlines
45,000 : 45
e - » R 40,000 patients
40,000 A + 40
35,000 - 4 35
30,000 4 | - 130
25,000 + 22 PTcenters T2
20,000 - + 20
15,000 - T Astarailes 4 15
e PT center under operation
10,000 - + 10
5,000 1 - 20 new PT under contruction T °
| - 5000 patients treated with C ions
0 = 1 1 1 O
1950 1960 1970 1980 1990 2000 2010

The spread of hadrontherapy centers is strongly limited by the
complexity and costs of these facilities!

B BT B OB T




e[]‘ Hadrontherapy conventional accelerators

The accelerators used today. in hadrontherapy ares circuiar:

Teletherapy with protons (200-250 MeV)
CYCLOTRONS (*) (Normal or SC) SYNCHROTRONS

o

S

4-5 metrés ’

(*) also synchrocyclotrons

Teletherapy with carbon ions (4800 MeV = 400 MeV/u)

SYNCHROTRONS
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ai Hadrontherapy: a potential user case

beamlines

Cyclotron SolutioniiorprotonsyIEAS oG

——

y
= °
. V4 s 7 -

Fyzikalni Ustav 9 nvese I
g DO ROZVOJE ° 2007-13

evropsky MINIS . CrH— s
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Ll ...and a possible future for laser-
e based hadrontherapy facility?

el

Conventional hadrontherapy facilities: (" ‘ i . ,Way

» High complexity for the beam production,
acceleration and transport
» High cost: 100-200 M€

Laser-based hadrontherapy facilities: Beam Transport System
t?
» Compactness ~10 M€ Tomorrow
» Cost-reduction o
P~ | i PET
> Innovative treatment modalities: \ /
€ Variable energies in the accelerator (no degraders @ Patient
needed) &

€ Hybrid treatment (protons, ions, electrons, gamma-
rays, neutrons)
€ In-situ diagnostics (PET, X-rays)

-
I 5 INVESTICE < o \
3 DO ROZVOJE g 2007~ 13

VZDELAVANI op Vyzk umavivoj 36
oooooooooo
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beamlines
450
|/| 400 MeV/iu E WHEN
5 I WERAIN Drawbacks
B -5 > low reproducibility (shot-to-shot)
o WESOPHAGUS > large divergence
2 B MLUNG > large energy spread
[i})
% 250 eVl HILIVER > low energy (<100 MeV for p)
B PANCREAS
150, | mB& STSARC.
-  T— Courtesy of P. Cirrone
" ~  HUTERUS
" YR R B RECTUM Eye tumor (62 MeV protons)
) 20 40 B0 & 100 120 140 180 180 200 220 20 280 O OTHER
Residual range (mm of waler}

Melanoma (90%) Hemangioma (10%,)
D e
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beamlines
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> Particle Acceleration at ELI-Beamlines
- lon Acceleration beamline
- Electron Acceleration beamline

S > L ]
** °
e | : % INVESTICE Q
X L DO ROZVOJE —_
M’,N _\ -F

L
ISTERSTVO SKOLST el VZDELAVANI oP V?zl:umavivo] 38
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Ul ELI-Beamlines user facility

beamlines

el

First floor (80 x 40 m)
Support technologies, cooling systems,
cryogenic systems

Ground floor (80 x 40 m)
4 laser halls (L1 to L4)

Basement (110 x 60 m)
6 dedicated
experimental halls (E1 to E6)
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U ELIMAIA user beamline in E4

beamlines

el

ELI Multidisciplinary Applications of laser-lon Acceleration

. ‘ﬁlm:l )
! Lol | | | ||\ ol i)
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V)] Towards a final design...

beamlines

el

Targe

y —

Target chamber®




o ELIMED network idea...  ;nry
L~

ELIMED International Network long-term

goal: demonstrate the potential future
emitance meas. @PPIICADINIY (proof-of-principle) of laser

accelerated ion beams in hadrontherapy

el

2,

=

Bs/
oAP—"
FM—

Solenmd/
Vacuum chamber-

(2.4x1.6x0.8)m

XY profile det.
Quadrupol optics———

Laser-target
interaction

>

XY profile det.

Beam diagnostics,
transport & selection

“a

TP (B+E) spectrometer
Detectar + CCD
XY préfile det.

\

Quadrupol optics
Energy selector + xy profile detector:

Beam delivery,
dosimetry &
radiobiology

o
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°
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Biological dosimeter————————
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W TECNICO LISBOA
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dll beamlines
Quadrupole design for ion beam focusing ESS (Energy Selection System):
e T - Design and realization
- Calibration with 60 MeV proton beams
(cyclotron)

!

Collimator
T

\% i - Numerical simulations (Geant4 toolkit)
o i




Courtesy of P. Cirrone

500 micron
Selecuon Slit 3Imm

Target Au
10 um

X 6mm

Zero axis

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%)
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beamlines

High-energy ELectron-acceleration by Lasers

el
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ai ). Thank you for your kind attention!
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eli
Typical user requirements

Wide energy and fluence range

Small energy spread (quasi-monoenergetic beams)
Homogeneous transverse beam distribution
Shot-to-shot stability (energy and fluence)

Variable beam spot size

Full beam control (fluence and dose) with < 5% error
Possibility of in-air irradiation (e.g. bio-samples)

Use of different ion species (H, He, C, ...)

Multidisciplinary Applied Research with laser driven ions

Irradiation of biological and other samples (e.g. material science)

Innovative approaches to hadrontherapy

Time-resolved proton radiography of dense materials

Radiation damage of various devices/materials (high dose rate)

Detector characterization (high peak current)

Pump-probe investigations (WDM, ion stopping power in plasma,...) |
Radio-isotopes for positron emission tomography (PET)

Beam-target nuclear reactions for high brilliance secondary sources (alphas, neutrons)
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