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Laser-driven ion acceleration
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Advantages

e Targets form dense plasma (electron density ~10%> cm-3)
» Large accelerating gradients (~TV/m)

* High flux beams

 Compactinteraction (~10’s um)

Current Challenges

* Maximum energies
— Predicted highest ion energies with ultrathin targets (~¥10’s nm)

e Controllable beam structures
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Ultra-intense laser solid interactions
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Experiments at the Gemini laser at RAL |

Power 0.5 PW e
Energy ~6 J (on target)
Wavelength 0.8 um

Pulse duration 40 fs

Intensity mid-10%2° Wcm™
Repetition 3 shots / minute
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Decrease in relativistic plasma frequency near the peak of the focus produces relativistically
induced transparency over a diameter of a few times the laser wavelength
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Diffraction through a fixed aperture
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HVDT Model:
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3D PiC Simulations with an expanded uniform

planar t? rgEt foil Temporal evolution of plasma gtizﬁfc?de

aperture: Glasgow

[

2
X (nm)
Deformation due to

radiation pressure

e 2048 - 4096 cores

e 1000 x 720 x 720 mesh cells ol o YoVl

e 20x20x 20 um box size :FU‘-”
* |nitial electron temperature = 100 keV

* Target thickness, L=10 nm to 40 nm

» Target bulk: 30n_electron density, 23n_Alt!*,

* Llayers 23n_H*"and 08n_ C®" (front and rear)

* |, =6x10° W/cm?, t =40 fs (FWHM), diameter = 3 um (FWHM)
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3D PiC Simulations with an expanded uniform
Universityof
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Effects of incoming laser polarisation
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Linear:  fixed diffraction pattern

Circular: rotating pattern at constant velocity L
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Comparison of accelerated electrons from

experimental and simulation results

30..

Experiment: = 0t
N

2304

30..

3D PIC &5
simulation: N

304

3" European Advanced Accelerators Concepts Workshop

10n{n Al
Linear Elliptical Circular
E>3.5MeV E>3.5MeV E>3.5MeV
(a) (b) (c)
- ‘
kN . .
2<E<8MeV 2<E<8MeV 2 <E<8MeV
(e) (f) (9)
- .
Qﬁ N
30 ..0. B0 50 - .0. 8 .30 ..0. 30
) Y (°) ¥R

24-30 September 2017, La Biodola, Isola d'Elba

University of

Strathclyde
Glasgow
40nm Al
Linear
E >10.3 MeV
1
304 (d)
|-/
< 0¢ ‘ {053
304 g
<> ||l p
10 <E < 15 MeV
1
h)
30}
! 14
< ol W o532
304 £
<« _o
30 0 30
Y (°)



Impact upon accelerated ion beams
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Electron density
structure mapped
into the proton beam
via modulation of the
electrostatic field

3'" European Advanced Accelerators Concepts Vorkshop
24-30 September 2017, La Biodola, Isola d'Elba



Front and rear proton surfaces
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Electron distribution maps into accelerated

proton beam via electrostatic fields g";“;;‘;ﬁfc?de

IPs
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Influence of laser focus intensity distribution
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Effect of pulse duration on diffraction effects
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Experiments at the Vulcan laser at RAL
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Intensity (Arb.U)

Proton spatial-intensity distribution in ultrathin
foils undergoing transparency Target
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Proton spatial-intensity distribution in ultrathin

foils undergoing transparency
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2D EPOCH - Multiple ion species can
modify the proton beam profile
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Angular separation of three proton populations
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Fast electron jet enhances a localised ion region
after transparency High energy
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Plasma jet also observed in 3D PIC and a

signature observed in optical probe images
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Summary
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* Localized relativistic self-induced transparency can produce a self-induced ‘plasma aperture’

+ Diffraction effects through this aperture can directly influence the accelerated electron beam
structures and in turn the ion structures

. Polarization and focal spot parameters can modify the electron and ion response in the near field

. Diffraction effects are reduced as the laser pulse duration is increased

*  For picosecond timescales annular structures form due to plasma expansion

* Unstable radiation pressure structures can form along the laser axis

. Localised enhancement of the proton beam can be associated with the formation of a modulated
electron jet
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