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State of the art - and some considerations

Maximum proton energies (published):
60-70 MeV on ~ ps systems
(NOVA PW, Trident)
30-40 MeV on fs systems
(GEMINI, PULSAR, J-KAREN)

+ Several unconfirmed/unpublished results

Publication via peer-review is a *  Need for the establishment of

necessary condition for validating community-accepted standards in

scientific results diagnostic and analysis approaches
_ _ as well as agreed practices in
Emphasis on record energies over _
: L _ reporting results:
physical understanding is impacting

the credibility of our field e.g. separation of signal from spurious

noise

A~ o ARAITRE AL Al AvvimnAal At aAal Al AAtRr A D




Increase particle energy, spectral control, reliability and repetition rate
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S. Kar, Traveling wave ion accelerator
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Towards a TNSA-based proton-beamline in ltaly

L3IA An INFN-CNR National initiative based at ILIL (Pisa) and involving groups from Milan,
Naples, Catania, Frascati, Florence and Bologna,

Talks by: Antonio Gizzi, Carmen Altana, Annamarie Muoio, Stefano Sinigardi
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STRUCTURED SNOW TARGETS

A.Zigler, Hebrew University of Jerusalem
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Energetic negative ion and neutral atom beams
Ter-Avetisyan Sargis

O'l+
nozzle H- ~ 300 keV
she pinhole magnets  MCP detector
. AN
spray
| ~ 5x101% W/cm?

dgroplet ~150 -180 nm
density 1018 - 1019cm-3

water spray

» negative ions are generated in near-elastic

electron—capture and —loss processes

electric deflection

magnetic deflection




lon acceleration from clusters Y. Fukuda, KPSI JAEA @

Back ground gas Compression and acceleration

CQO, cluster
(Radius. : 12555 nm|

Background gas
(H,: 4x10" ecm3)

Cluster
Laser beam
(1x10'9 W/cm?) Magnet (0.8 T)
; | Energy distributions of ions
— |  @com O
I'h.u'l:slgm-:ll:lIE ' S 4
4 3| Gradual
'g ] g 2 decrease
3 2 3 < i
o Q
Nozzle output 0. | N _
05 15 05 1 1.5 2
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]
Coulomb explosion of CO, clusters 8



Metrology of picosecond laser driven ion bursts

0,75

Brendan Dromey

. Queen's University
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*Temporally resolved ion induced damage
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b.dromey@qub.ac.uk
WG2, EAAC 2, Isola d’Elba Sept 13t — 18t , 2015



Laser-ion acceleration using truly mass-limited targets
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Malte C. Kaluza

Institute of Optics and Quantum Electronics and Helmholtz-Institute Jena
Friedrich-Schiller-University Jena, Germany
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Proton acceleration from H,O droplets and solid H, filaments

S H H crydgenic
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@ JETI-laser (750 mJ], 25fs) @ POLARIS-laser (2.5 ], 215fs)

« quasi-monoenergetic p*-spectra « modulated p*-spectra
 highest E_, for mid. ASE-duration « conversion efficiency > 10%
(prepulse-dependent e-heating) J. Polz et al, submitted (2015)
o 5

= Helmholtz-Institut Jena




High-repetition-rate laser-proton

acceleration in cryogenic Hydrogen jets M. Rehwald

Cryogenic Hydrogen jet » Exponential proton spectra with cut-off
energies of several MeV (similar to ref. foil)

10°

average shot (20
— shots with high proton
cut-off energy)

— selected shot

Detection
threshold

2 3 4 5 6 7
Energy in MeV

Number of protons in arb. u.

107

» 1 Hz repetition rate proton generation

Laser

> Wire-like structure in ot @
spatial proton e
emission

» Regenerative high repetition
rate target (2-10 micron)
» Low density (40 n, @ 800nm)

RCF sensitive to protons with E > 1 MeV

Martin Rehwald ® m.rehwald@hzdr.de ® www.hzdr.de ¢ HZDR
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Levitating targets for laser ion acceleration
T. Ostermayr. P. Hilz, D. Haffa, J. Gebhard, J. Schreiber

CALA.

Paul trap with levitating target

TPW experiment proton spectra
target size scan

Proton Number [#/MeV/sr]

PIC Simulation

IProf. Ruhl)
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PHELIX, different proton spectra
(all targets 1 um)
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Graphene Nanoplatelets
thickness: .3 - 100s of nm
diameter: .5 - 10s of pm




Ultrathin (nm) foils experiments

RPA - Light Sail * GEMINI Relativistic transparency
C. Scullion, QUB regime
M. Zepf, QUB, Jena yn_>n,

PULSER, GIST
W. Ma, LMU

POLARIS
G. A. Becker, Jena

« VULCAN VULCAN
A. Alejo, QUB N. Dover (G. Hicks), IC

Also plenaries: P. McKenna (Strathclyde), A. Sgattoni (Pisa), V. Bagnoud (GSI
WG2 talks by R. Prasad, Dusseldorf



Clare Scullion - csculllion57@qub.ac.uk - Queen’s University Belfast - EAAC September 2015

.30
OPTIMISING |ION ACCELERATION FROM § : IC_:ii?fl?Irar
ULTRA THIN FOILS ON THE = X 3D PIC Linear
ASTRA GEMINI LASER FACILITY 5 20" © 3D PIC Circular
5 X
Investigating the effects on ion g 10
acceleration when varying laser t :E
pulse polarisation and target § . N
thickness 0 20 20 60 80 100
(10 — 1:{&% | (%rmﬁ]}arqets Target tr.nckness-(nm)
3D PIC RCE 3D PIC RCE 3D PIC simulations -
Simulation Simulation reproduce beam proflle and
E>10 MeV E>10 MeV E>20 MeV E>20 MoV match maximum carbon and

proton energies

« Results from CP laser pulse
and thin targets (10nm)
indicate onset of light sall
RPA

i —n
E . « Rayleigh-Taylor-like
0.4 0.0 0.4-0.4 0.0 | 0.4-04 0.0 0.4-0.4 0.0 0.4 instabilities are. eV|de.nt In
-— s tan(e) tan(e) RCF and 3D simulations for




Laser-Driven Proton Acceleration at

POLARIS with SHG and nm thin Foils POLARS

G. A. Becker, J. Reisldhner, M. Hornung, A. Seidel, J. Bin, L. Bock, F. Brack, M. Hellwing, P. Hilz, S. Keppler, A. Kessler, 5.
Kraft, S. Kuschel, H. Liebetrau, J. Polz, H-P. Schlenvoigt, F. Schorcht, H. Wang, K. Zeil, U. Schramm, M. Zepf,
J. Schreiber and M. C. Kaluza R
» using ultra-high contrast laser pulses via second- 85 a, X o =4 W ;”::f.
harmonic-generation - z i
o
» verification of ag # ¢ (10 nm DLC-foil) and Z '
circular polarization as optimal for ion Feo] 4 1
acceleration = Light-Sail 5 58 1 l
(laser pulse energy for circ. pol. was ~80% of 5 :2
pulse energy for lin. pol.) . v
E 351 T
» reduction of max. proton energy for circ. pol. for § 30
plastic foils (100 nm - 800 nm) 25
- TNSA dominated i o e
= very stable ring-like proton beam profile for nomalized aresl densty @
plastic foils
» less energetic protons in ring
» emission normal to target rear surface : .N 13°
» ring-like deflection probably caused by
B = 10 kT magnetic field behind target -
T:ﬁ.ur:._:zc_r.c.-.r_:5_11:rlu.r5 ‘a.f: TR Hedr prutun beam per”E
=<l | VU BET Fromn for 100 nm thick plastic foils




s University ﬁ HI Jena M. Zepf, QUB/Jena
Helmholtz Institute Jena W Ma (LMU)

nm thick DLC target

Incid(efx;t) laser '7 =

\ I~few um xo
\\

: (c) CP A,

1084k
—

- B
<810 31064

5 108
g 107-

e

210

> 105 o B % 105- T or2s
5104- G -“";‘..» ............. £05 5104- ] ‘_.-‘_. ‘;f;"_—
Single foil "% ol bV A/
10 20 30 5 10 15 200
Ei MeV/u) o (pg/cm?) Ei MeVh) o (ng/cm?)

- Up to Factor 8 intensity enhancement,
_ - Carbon ion energy enhanced up to 3x
CNT+Foll - carbon preferentially enhanced for Circ Pol

ASTRA GEMINI (J.Bin et al, PRL, 2015) + PULSAR, IBS - Gl



o] A-SAIL Bulk Deuterium Acceleration

In the Light Sail Regime

eutron spectroscopy assists in the characterization

of the ion acceleration process :
deuterons neutrons :
10°

— 10pum CD - 10 um, on axis |

—400 nm CD
1013+ | —320nmCD =@-400 nm, on axis I
195 nm CD —A—320 nm, on axis -
— 90nm CD |
— 90nm CD + 5nm Au 195 nm, on axis .

=y
o
o
|

=4— 90 nm, on axis I

10—
E —— 90nm+5nm Au |

107

Neutron flux (n/MeV/sr)

10" —

Deuteron flux (#D/(MeV/n)/sr)
Neutron flux

‘”ﬁ

10 10°

0 Ene:gy ev/m) 10 0 1E0nergy MeV) 20 30!
TNSA — Low flux, isotropic neutron emission!
RPA bunches — Increase in neutron generation |
Transparency— Drop of efficiency |

A.Alejo,QUB -~

Strong correlation between
RPA-type bunching and
In-flight neutron production

* from D-D reactions

Hee * RPA

“"~50x higher 1

1.E+08 -
1.E+07
1.E+06

1.E+05

LiterAatU re

1.E+04

1E+03 ;

—

1.E+02
1.E+17 1.E+18 1.E+19 1.E+20 1.E+21 1.E+22

Laser intensity

Single target neutron date
(no catcher)



Imperial College | 3
London Energetic fon beams from relativistically:=o...
transparent ultra-thin foils using Vulcan PW

laser
G. Hicks — Imperial College London
Proton

beam from W MA N V’ ‘ 7
0 . YT 7

25 nm to 3 um thickness plastic foils expand and become
transparent during laser interaction

« Beams optimal when transparency occurs at peak laser intensity

« Protons accelerated up to ~60 MeV sol e, ,
— Relativsitic transparency model il S
T T ‘[ T T F e 50F ;[‘_,.—‘ \ ;
20! ) ;B L | o
3 r_ } e I _____ ’." \‘ 1.5 No
"l $ N 3 40" ' \ z
10k 3 :' - o N {Mos & E ---------- §
; ) ° >, —~
5/ : e ‘ i - é gSO* ]: 14 =
3o % 83 3 {1 2 i z
e g 7 5 20 g
o Y N % £ 05 £
— gs e [0
- Enhanced accelerating fieldsy ° I E . . @
20 fOr transparent targets 0 0
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Enhancement in proton/ion energy and spectral

modulation by varying relative delay of g

. _i-.rf‘;""‘":.
* . : -
L-&/‘jﬂ..ﬁ-"""‘;n%
r

HEINRICH HEINE

UNIVERSITAT DUSSELDORF

2x200TW Laser system, Intensity on target: 2x10%° W/cm?, pulse: 30fs,

contrgst: 1010 . .
proton .
10} .
—~ [ |
S .l B : _
I T
) u I l
© 6 n u o
Q ™ LI [ |
8 [ |
N 4 | " I
@ .
o B2 earlier to
2r 'B2:0.8J (defocus to 20um)]
. . B1:1.0J .
0 50 100

relative delay(ps)
Optimum proton energy gain at

50ps delay (red line marks the max
cut off energy for individual beams)

» About 50% enhancement in proton
energy compared to individual
beam energies

counts (a.u.)

6
0 C4+ energy vs rel delay

10° k

shot 41 @ 50ps
shot 30 @ Ops
—— shot 65 @ 70ps
——shot 77 @ 100ps

10
Energy (MeV)

15 20

» C# ion follow the same trend

» Strong modulation (shown by arrow)
appears at later delay than the
optimum proton delay

» Presents possibilty of controlled
spectral tailoring

R.Prasad, et. al, Heinrich Heine University Duesseldorf, Germany, 2" EAAC Workshop, Italy, Elba Island, 13t—19™ Sept2015



shockwaves in optically shaped gas targets
N.P. Dover et al., Imperial College London, Stony Brook University, ATF Brookhaven

Used secondary .
pulse to drive -«

blastwaves, ™
. - £ of S ——
providing short > | Intense laser
scale length
density I
gradients: D S
ul — H,, Epp=4 mJ _
10  Ha En=23my Generated

lons / (MeV sr)
|_\
<

R

107 L

— He, Ep,=150 mJ]

05 1 15 2
Energy (MeV)

broadband He
and H beams,
spectrally
peaked H
beams using
this technique

101® cm-3
2.5

Observe filamentation
and beam-plasma
instabilities from laser
generated electrons,
feeding back into ion

Tresca, Dover, et al., PRL 115 (2015)




Applications:
Laser-driven Proton Beam for nanoparticle

production
P.Antici, INRS

Foil 10 pm
(proton source)

l

Proton virtual
point source

particle number (%)

CPA laser

pulse length T, = 0.4 ps

wavelength A= 1057 nm -

Intensity ~1020 Wjcm? Silicon
Wafer

0
20 2 24 26 28 30 2 A

diameter (nm)

We obtain NP with a SD<6 % over very large

surfaces (SEM images)

Heght Sensr ~ 10pm 00 HeghtSensr 10pm

NP characteristics change with increasing dlstance from the beam
center Patent US 62/158,704 (Goudreau Gage Dubuc S.E.N.C.R.L.-L.L.P)

a0 Heinht Sensot 10um 00 Heoht Sersor 10um oo Henht Sensor 1Oum



The ELIMED transport and dosimetry

beamline for laser-driven ion beams

Francesco Romano , Giuliana Milluzzo - INFN-LNS, Catania, Italy

ELIMED (ELI MEDical applications)

to demonstrate that laser accelerated high energy ion beams can be
potentially used for multidisciplinary applications, including the medical one.

» Collection and focusing
- set of PMQ in Halbach array

» Selection and transport
- 4 C-shaped resistive magnets

transport « Dosimetry and sample

; dia’gnostics ; ..
> - irradiation
- Dosimetry agal .
 sample iudBIBHON - SEM, multi-gap chamber,

Faraday cup

» Diagnostics with TOF detectors
Prototypes tested with conventional accelerated and laser-driven bea~
Feasibility studies of final transport elements completed
Development of the detectors for diagnostics and dosimetry in progre.*
ELIMED beam line delivered and assembled @ ELI-Beamlines in 201,




Summary WG2

Investigations reported covered a broad range of mechanisms and
target media

There is still life in the established TNSA mechanism — with novel optimizati
and characterization techniques, as well novel applications

Significant amount of work on ultrathin foil acceleration, with signatures of
Radiation Pressure Acceleration (LS) or Relativistic Transparency enhancen
depending on the target opacity

Significant technological innovation in targetry (droplets, levitating spheres,
cryogenic jets, composite materials) with new features emerging in the
accelerated beams

First laser-driven beamlines are being developed (LIGHT, ELIMED)



