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•The Ponderomotive force 

•The ponderomotive force is a nonlinear force experienced by a 

charged particle in an inhomogeneous oscillating electromagnetic 

field. 

•It make the particle to move towards the area of weaker field and not 

oscillating around an initial point. 

•This happens because the particle faces a stronger force in the part of 

the oscillation when it is in a strong field area, while the weaker force 

faced when it is in an area of weaker field cannot compensate it. 

 

 

 

 

 



•Laser Wakefield Acceleration 

•It occurs when a high intensity laser pulse propagates into an under-

dense plasma. 

•Because of the varying electric field due to the Gaussian profile, the 

nonlinear change of electric field generates a ponderomotive force. 

•The electrons in the plasma are then highly deviated, towards the 

back of the pulse, in comparison to the much heavier ions. 

•This will create a wake which travels along with the pulse and is 

accelerated by the potential difference generated by the displacement 

of electrons. 

•Thus the particles trapped in this structure will be highly 

accelerated. 
 
 



•Gaussian Beam Propagation 

•The expression of the electric field amplitude of a Gaussian beam 

is obtained by solving the paraxial Helmholtz equation. 

•r is the radial distance from the center axis of the beam 

•z is the axial distance from the beam’s focus or waist. 

•ω0 is the waist radius 

•R is the radius of curvature of the wavefront 
 
 



The Particle in Cell Method 

•The Boris push 

It aims to solve the equations of motion for an electron 

The Boris push algorithm decomposes the motion in the 

contributions given by the electric and magnetic field. 

•In the Particle in Cell method, collections of particles are represented by 

a samller number of pseudoparticles. The electromagnetic fields produced 

by their motion are computed with FDTD method. The forces resulted are 

used to update the velocities of pseudoparticles and then their positions. 



Boris rotation in 3D 





•Maxwell solver 

•Solves the Faraday’s law and Ampere’s 

law through Finite-difference time-

domain (FDTD) or Yee’s method. 

•For the 1D case 



•Maxwell solver – Numerical stability 

The temporal and spatial discretizations must fulfil the following 

conditions: 

 

In the spatial discretization the dimension of a cell must be 

significantly smaller than the laser wavelength. 

The timestep is afert that computed according to the three-

dimensional  Courant-Friedrichs-Lewy  (CFL) condition. 

 



Numerical results 

The simulations were performed using the PIC code EPOCH, for 

the He plasma densities of 9e17, 5e18, 7e18, 1e19 cm-3 and using a 

1PW laser with 25μm waist diameter. 

The self-injected electron beam starts to be unstable and loses 

electron for each case at different time and distance.  

 

 



The electron beam becomes unstable at the distance 185μm 

1PW laser in 9e17 cm-3 density He plasma 



The electron beam becomes unstable at 90 μm 

1PW laser in 5e18 cm-3 density He plasma 



For density 7e24 cm-3, the electron beam becomes unstable at 84 μm 

1PW laser in 7e18 cm-3 density He plasma 



The electron beam becomes unstable at 62 μm 

1PW laser in 1e19 cm-3 density He plasma 



n(cm^-3) x(μm) 

9e17 185 

5e18 90 

7e18 84 

1e19 62 



Further directions of investigations and PhD thesis: 

 

Comparison of analytical value and simulation-

obtained value for dephasing length, deplation length, 

as well as the maximum energy, and divergence. 

 

Investigation of multi-stage LWFA with coupled 

gasous targets and gamma rays generation. 
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