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Proton acceleration in high intensity laser
plasma interaction

Incident
laser

Phys. Fluids 29, 3052 (1992). 2945 (2000).
2679 (1986) '

M. Allen et al., Phys. Rev. Lett. 93, 262004 (2004); J. Fuchs et al., Phys. Rev. Lett. 94, 045004 (2005).

@ <0.004 mm-mrad for the transverse emittance and <10"-4 eV-s for the longitudinal emittance
@ Short duration (ps at the source)
@ High spectral cut-off
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Proton acceleration experiments at LULI

J. Fuchs et al., Nature Physics 2, 48 (2006).
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Proton acceleration experiments at LULI
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Model of proton acceleration with
high intensity lasers

Hypothesis: 22
Maxwellian distribution for electrons n, o= n,e"
Isothermal expansion

Self-similar solution: quasi-neutrality Lagrangian code:
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Hot electron temperature (7,02 Mel)
Maximum electrostatic field
at the rear surface (TVm-1)
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F. Mora and R Bglist, Phys Fluid. 22, 2300 (18749), F. Mora, Phys. Rev. Lett. 90, 185002 (2003).
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Comparison with PIC simulation results
and other experimental results

Comparison with PIC
simulations

Comparison with
short laser pulse
duration experiments
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Model limitations

@ Optimum laser parameters fo get 200 MeV: 8110%° W/cm?, 500 fs.

® But we have to enhance the model which does not work for short
pulses at low laser energy and long pulses at high laser energy.
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Implications of these limitations

& Maximum proton energy LOA (MeV)
Model with constant acceleration time 0.4 J
— Ode| with variable acceleration time 0.4 J

200 1000
Pulse duration (fs)

The model with a variable
characteristic acceleration time
works for a larger range of laser
parameters. The optimum laser
parameters to get a given proton
energy are changed.
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Laser energy needed as a function of
pulse duration to obtain 200 MeV protons
for various farget thickness and laser
focal spot size.



Focusing and energy selection using a
cylinder irradiated by a secondary laser

PA,

Divergent Intgraction
jon cylinder
CPA1 beam

Focused Secondary laser parameters: 3 110'® W/cm?,
ion beam 350 fs. The Al cylinder is 3 mm long and its
diameter is 650 ""'m. Its thickness is 50 "'m.

RCF stack

A Proton production foil

Debye sheath of
hot electrons Zone of

guasi-neutra
O @ o

initial stage =~ expansion stage

T.Toncian, M.Borghesi, J.Fuchs et al, Science Vol. 312, 21 April 2006, p.410
-413; www.sciencexpress.org / 16 February 2006 / 10.1126/science.1124412.




1D PIC simulation (CALDER) +
raytracing

S000 10000 15000 20000 25000 30000

Evolution of the electrostatic field with time (max of 30 GV/m). Trajecfories of 6.25 MeV
Secondary laser parameters: 3 110'® W/cm?, 320 fs. protons passing trough the
(A 2D expanding cylinder leads to similar fields due to the size cylinder

of the cylinder).



Comparison of the model
with experimental results
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Comparison of the
proton beam width in
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Spectrum of the proton beam that
passed through the cylinder

1 mm 4.9 MeV protons 6.25 MeV protons 7.5 MeV protons
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Proton spectrum without the micro-lens
Proton spectrum with the micro-lens
/uu 1 PIC simulations (0.2 MeV/0.1MeV resolution

The experimental spectrum is well
reproduced.
(Only protons passing trough a small
slit are measured)
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The cylinder micro-lens also works
with high energy protons (270 MeV)

The protons enter when The protons enter 19.1 ps The protons enter 22.9 ps
1 mm the laser is triggered. before the laser is triggered. before the laser is triggered.

Secondary laser parameters:
10" W/cm?, 700 fs. The
cylinder is 6 mm long.






Summary

@ Proton beams produced by laser plasma inferaction
have unique properties.

@ Recent progress in hot plasma expansion and laser
proton acceleration dynamics support scaling laws
useful to determine the best parameters for a
given application.

@ Propagating a laser accelerated proton beam trough
a cylinder irradiated by a laser is a very original
and efficient way to control the beam properties.



