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Proton acceleration in high intensity laser 
plasma interaction

 <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



Model of proton acceleration with high intensity 
lasers

Experimental results

Description of the model

Limits of the model

Implications on the optimum laser parameters needed for a 
given proton energy

Proton beam collimation and energy selection using 
a cylinder irradiated by a high intensity laser

Experimental results

Mechanism

Application to high energy proton beams

Study of the symmetry of the deflecting field

Outline



Proton acceleration experiments at LULI

J. Fuchs et al., Nature Physics 2, 48 (2006).

6×1019 W/cm2, 320 fs 20 microns target, 320 fs



Proton acceleration experiments at LULI



Model of proton acceleration with 
high intensity lasers

Hypothesis: 
Maxwellian distribution for electrons
Isothermal expansion

Self-similar solution: quasi-neutrality Lagrangian code:



Comparison with PIC simulation results 
and other experimental results

Comparison with PIC 
simulations

Comparison with 
short laser pulse 

duration experiments



Model limitations
Optimum laser parameters to get 200 MeV: 8×1020 W/cm2, 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. 

Characteristic times: 
117 fs                    289 fs

5.5×1018 W/cm2, 
33 fs, 40 nc target

5.5×1018 W/cm2, 
200 fs, 40 nc target

5.5×1018 W/cm2, 
40 nc target

Vertical line: 90 % of 
the maximum proton 
energy is reached.



Implications of these limitations

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.

Laser energy needed as a function of 
pulse duration to obtain 200 MeV protons 

for various target thickness and laser 
focal spot size.



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

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.

Secondary laser parameters: 3×1018 W/cm2, 
350 fs. The Al cylinder is 3 mm long and its 
diameter is 650 μm. Its thickness is 50 μm.



1D PIC simulation (CALDER) + 
raytracing

1 mm

3 cm

Evolution of the electrostatic field with time (max of 30 GV/m).
Secondary laser parameters: 3×1018 W/cm2, 320 fs.

(A 2D expanding cylinder leads to similar fields due to the size 
of the cylinder).

Trajectories of 6.25 MeV 
protons passing trough the 

cylinder



Comparison of the model 
with experimental results

Comparison of the 
proton beam width in 
the model and in the 
experiments



Spectrum of the proton beam that 
passed through the cylinder

1 mm

3 cm

The experimental spectrum is well 
reproduced.

(Only protons passing trough a small 
slit are measured)

6.25 MeV protons4.9 MeV protons 7.5 MeV protons



The cylinder micro-lens also works 
with high energy protons (270 MeV)

Secondary laser parameters: 
1019 W/cm2, 700 fs. The 
cylinder is 6 mm long.

3 cm

1 mm
The protons enter when 
the laser is triggered.

The protons enter 19.1 ps 
before the laser is triggered.

The protons enter 22.9 ps 
before the laser is triggered.



PIC Simulations of the interaction of a high intensity 
laser with a cylinder with PICLS2D

3×1018 W/cm2, 53 fs. The field reaches 150 GV/m. The 
cylinder size is 1/4th of the experiment size.

0 ps

6 ps 12 ps

18 ps 24 ps 30 ps

150 μm

150 μm



Summary

Proton beams produced by laser plasma interaction 
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.


