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Outline: Ion acceleration with 

lasers 

• Thermal expansions 

• Radiation pressure and relativistic transparency 

• Hole-boring and shocks 

• Future developments 



Thermal Expansions 



Sheath acceleration 

Energies ~  



Pros and cons 

• Extremely high accelerating fields 

(>1012 Vm-1) means: 

short pulse 

low emittance 

compact size 

high charge (> 1013 protons ≈ µC) 

 

• Disadvantages: 

Large energy spread 

Poor energy scaling (Thot ∝ (I𝜆2)½) 

Multiple ion species (especially 

impurities) 

1. Clark, E. L. et al.. Phys. Rev. Lett. 85, 1654 (2000). 



Radiation pressure and 

relativistic transparency 



 light-sail acceleration 



 light-sail acceleration 

Linear Circular 

• where d is in units of (c/ωp) 

and ne in units of (ncr) 

• for I ≈ 1020 Wcm-2, dopt ≈ 5 nm 

1. Robinson, A. P. L., et al, New J. Phys. 10, 013021 (2008). 

Radiation Force: 

Acceleration: 

Optimum Thickness: 



Rayleigh-Taylor Instability 

1. Palmer, C. A. J. et al. Phys. Rev. Lett. 108, 225002 (2012). 

0 

kLz 

k
L
x
 

a2 

kLz 

C+ density 

pz/mc 

Proton phase space 

0.7μm 

1μm 

(a0=10) carbon 6+ 

ne=800nc τL= 600fs 

d = 10nm 

Laser: Target: 

Simulation Conditions: 

I=1020Wcm-2 

Plasma 

Mirror 

Target 

RCF stack 

Thomson 

parabola 



Relativistic transparency 

1. Dover, N. P., et al, submitted Phys. Rev. Lett. (2014). 
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Buffering 

1. Dover, N. P., et al, submitted Phys. Rev. Lett. (2014). 
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Hole-boring and 

shocks 



hole-boring 

(ponderomotive)acceleration 



hole-boring (ponderomotive) 

acceleration 

 CO2 laser: 
 λ=10.6μm 

 Pulse energy ~ 2-4 J 
 Pulse length ≲ 10 ps 

 Pulse train with 25 ps separation. 
 Focal spot diameter ~ 60μm 
 
 I ~ 5x1015 W/cm2 

1. Palmer, C. A. J. et al. Phys. Rev. Lett. 106, 014801 (2011). 



hole-boring (ponderomotive) 

acceleration 

 up to ~109 protons 

   ➟     1000 brighter than 

previous modulated spectra. 

 energy spread down to ~4% 

    ➟    local emittance ~ nm 

1. Palmer, C. A. J. et al. Phys. Rev. Lett. 106, 014801 (2011). 



hole-boring (shock) acceleration 

a0= 0.9 

τL= 6ps 

Ionised H2 

Laser: Target: 

Simulation Conditions: 

Triangular density 

profile 

1. Palmer, C. A. J. et al. Phys. Rev. Lett. 106, 014801 (2011). 



scale-length manipulation 

1. Tresca, O., et al, submitted Phys. Rev. Lett. (2014). 



summary of mechanisms 

Mechanism Laser Target Ions Energies Pro Con 

Sheath 
High 

intensity 

Thin (~µm) 

foils 

Protons 

(high-Z 

required 

target 

cleaning) 

~50 MeV 

protons 

~200 MeV 

C 

High 

number, 

short pulse 

length 

Mixed species, 

low rep-rate, 

thermal beam, 

poor energy 

scaling 

Light-sail 

High 

intensity 

low 

prepulse 

Ultrathin 

(~nm) foils 

Protons 

(high-Z 

require 

cleaning) 

~10 MeV/u 

High 

number, v. 

short pulse 

length, good 

emittance 

poor beam 

quality, 

difficult 

target try 

Hole-

boring 

Infra-red  
(adjustable 

prepulse) 

Gas (~mm) 

(⪆ ncr) 

Any 

gaseous 

species 
~1 MeV/u 

Good 

number, low 

energy 

spread, high 

rep-rate 

No targets 

for optical 

lasers 



Future Considerations 



Beamline using laser generated ions 
High intensity laser 

Tape target 

Gabor lens 

Divergent 
Ion beam 

Aperture 

Motor 

Radiochromatic 
film stack 

Diagnostics 
chamber 

A Gabor lens used for both focussing and energy selection. 
 
Gabor lens focuses both transverse dimensions simultaneously, thereby 
significantly reducing through-put. 

1. Hoffman, I., Phys. Rev. STAB 16, 041302 (2013). 



Gabor Lens 

A Gabor lens is a space-charge lens first 
proposed in 1947. 

 

Requires reduced magnetic field for focusing 
ions, compared to solenoids: 

 

 

 

 

Has recently been considered for focussing 
laser generated ion beams. 

1. D. Gabor, Nature 159, 1947. 

2. J. Pozimski and M. Aslaninejad, Laser and Particle Beams, 31, 2013  



Beamline using laser generated ions 

Spectrum 
Before lens 

After lens and 
aperture 

Scanned RCF 
from Astra 
Gemini 
experiment 

Dose map 

Proposed Applications:  

Radiobiology with varying ion species, Radio-isotope production  



Scaling of Hole-boring acceleration 
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Scaling of Hole-boring acceleration 

1. Yu, J., in preparation (2014). 

• Laser peak intensity: 

4.0⨉1022 Wcm-2 

• duration: 15fs 

• Peak energy: 

1.32GeV 

• energy spread: 28% 

• divergence: 9.2˚ 

• total charge of bunch: 

6.5nC 

• spot size of the bunch: 

2.9 µm  

• Laser spot size: 4 µm 
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Conclusions 

• Buffering enhances proton 

acceleration from thin foils. 

• Scale-length manipulation of gas 

profiles allows direct helium 

acceleration from gas targets 

• Beam line based on Gabor lens 

simulated 

• Hole-boring acceleration to GeV 

energy level simulated 

• Time is ripe to marry laser and 

conventional techniques! 


