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HIT facility 

large – 

expensive  

100.000.000€  

̴1300 

patients/year 

Long Term Goal  ! 
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Why laser-driven ion 

acceleration?  

 

- smaller, cheaper  

- high electric field gradients 

over short distance... 

 

Challenges 

 

- mono-energetic beams, 

high flux  

- Increase cut-off energies... 

 

H. Daido et al., Rep. Prog. Phys. 75 (2012) 056401 (71pp) 
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• Hot electron production and 
propagation 
 

• Electric field of order TV/m at 
the rear side 
 

• Ionisation and acceleration of 
protons by this electric field  

Target Normal Sheath Acceleration 

H. Schwoerer et al., Nature 439, 445-448(26 January 2006) R. A. Snavely et al., Phys Rev Letter – Vol. 85, Num. 14 (2 Ocotber 2000) 

• Cut-off energy: >60 MeV protons 
 

• Typically >1012 protons per pulse 
 

• Normal to the target rear surface 
 

• Thick targets (~ micrometre) 
 

• Origin of protons: hydrogen-containing 
surface layers 

Poor (I)0.5 

scaling 
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Radiation Pressure Acceleration  

PR = 2I / c 

Promising candidates: 

Radiation Pressure Acceleration / Breakout-Afterburner in the 

transparency regime 

 

optimisation and exploring limitations  

study dependencies with target and laser parameters 

control and modulation of electron and ion beam dynamics 

T. Esirkepov et al., Phys. Rev. Let., Vol. 92, Num. 17 (30 April 2004) 
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Two modes of Radiation Pressure Acceleration  

Hole-Boring  

(thick, micrometre targets) 

Light-Sailing  

(thin, nanometre targets) 

• Advantageous energy scaling with intensity ~ 

I²  

• Mono-energetic features 

• Acceleration of all ions (not just protons)  • Ultra-high contrast required  

• Generally high intensity required 
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Breakout Afterburner (BOA) 

Interaction of intense laser with 

solid nanometre targets 

 

During the absorption of the 

laser pulse, the target thickness 

becomes comparable to the 

skin depth 

 

Ion acceleration during 

relativistically induced 

transparency 

L. Yin et al. Phys. Rev. Lett. 107, 045003 (2011) 

 

S. Palayinappan et al., Nature Physics 8, 763–769 (2012) 

Gray et al., New J. Phys. 16, 093027 (2014) 

 

Experimental 

campaign Astra-

GEMINI  

August 2013 
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Three (fully synchronised) independent laser outputs of increasing power 

VEGA System Energy Pulse duration Wavelength Peak Power Repetion rate 

VEGA 1 600 mJ 30 fs 800 nm  20 TW 10 Hz 

VEGA 2 6 J 30 fs 800 nm  200 TW 10 Hz 

VEGA 3  30 J 30 fs 800 nm  1 PW  1 Hz or single 

shot  

Ultrahigh contrast: 1:1010 

at 1 ps 
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VULCAN Laser system 

Power   1 PW 

Energy    >500 J 

Wavelength  1.05 μm 

Pulse duration  500 fs  

Intensity   up to 1021 W cm-2 

Repetition   8 to 10 shots per 

day 

ASTRA-Gemini laser system 

Power   0.5 PW 

Energy    30 J 

Wavelength  800 nm 

Pulse duration  35 fs  

Intensity   up to 1021 W cm-2 

Repetition   3 shots per 

minute 
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incoming beam  

target 

stack  

field of 

view 

Experimental work 

 …some diagnostics 

Image plate – spatial profile of electron beam 

Transmission 

during 

transparency 

Proton and ion tracks on MCP and Image Plate (Thomson Parabola) 
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Particle-in-cell (PIC) code OSIRIS 

Grid: 39133 x 168 cells 

Box: 20 x 28 μm size 

1000 particles/cell 

Time step of 1.68x10-18 s. 

40fs FWHM (sin2 envelope) 

Target: plane slab  

Step density profile of ne = 460 ncr  

Initial electron temperature is 1 keV  

R. A. Fonseca et al., Lect. Notes Comp. Sci. 2331, 342-351 (2002) 
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Strong scaling with 

intensity 

Ions 

Electrons 

• Electron and ion layers compression 

• Bunch formation 

Intensity scan 
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Highest energy is obtained for thinnest targets 

Areal density closer to the optimum A. Macchi et al., Phys. Rev. Let. 

103, 085003 (August 2009) 

Target thickness scan 
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Linear polarised light heats 

electrons efficiently 

 

Blow-up of target at early 

stage of interaction 

 

Circular polarisation 

suppresses electron 

heating as oscillating part 

of ponderomotive force is 

missing 

Efficient co-

acceleration of ion 

species 

Comparing linear and circular polarisation // Double layer target 
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Rayleigh-Taylor Instabilites during RPA  

Rayleigh-Taylor type of instabilites: light 

fluid pushes into a heavy fluid  

 „breaking“ of the interface 

  Perturbations grow in form of 

bubbles 

 

Light fluid = photons of laser light 

Heavy fluid = plasma of ionised target 

 

 

Observation of RPA driven beam along 

laser-axis and TNSA driven beam along 

target normal (target was angled with respect to 

incident laser)  

Laser axis 

(RPA) 
Target 

normal 

(TNSA) 

target at 

30° with 

respect to 

incoming 

laser 

incoming 

laser 

Experimental 

campaign May 2013 

RCF stack 
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Rippling and breakup of the interface 

between the plasma and photon fluid 

 

Observation indicates radiation 

pressure acceleration  ultrathin 

targets 

DLC target DLC target 

Palmer et al. PRL 108, 225002 (2012) 

F. Pegoraro et al. 

Phys Rev Letter 99 – 065002 (2007) 

H+ target 
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H+ target 

High resolution 2D OSIRIS 

simulation  
VEGA parameters 
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Conclusions  
 

• Experimental work with ultrathin targets 

 

• Exploration of the RPA regime and study of 

dynamics in transparancy regime 

 

• Ultrathin targets are needed (with ultra high 

contrast) for enhanced TNSA, “light sail” 

RPA, RIT regime, BOA… 

 

• Particle-In-Cell simulations (OSIRIS) to 

explore ion-acceleration 

 

• Parameter scans to find optimum 

conditions 

 

Outlook 
 

• More simulations and 

experimental studies 

towards RPA (and 

alternative schemes)  

 

• Optimisation of laser and 

target parameters 
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