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Azimuthal Modes decomposition: concept
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Azimuthal Modes decomposition: concept
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Grids are 2D, particles are 3D !
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Azimuthal Modes decomposition: comparison with 
3D
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Azimuthal Modes decomposition: comparison with 
3D
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Azimuthal Modes decomposition: how to use it
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Main.geometry     = “AMcylindrical”

Main.number_of_AM = N_modes

Species.position_initialization = “regular”

Species.regular_number = [Nx,Nr,Ntheta]
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Laser Envelope Model: concept
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Envelope Equations: Propagation and plasma 
coupling



Ponderomotive equation of motion for 
macroparticles



Laser Envelope Model: Resume
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Laser Envelope Model vs full 3D (Standard)
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The envelope exists also in AM !
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Envelope: how to use it
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LaserEnvelopeGaussian3D(

    a0              = 1.,

    focus           = [150., 40., 40.],

    waist           = 30.,

    time_envelope   = tgaussian(center=150., fwhm=40.),

    envelope_solver = 'explicit',

    Envelope_boundary_conditions = [ ["reflective"] ],

    polarization_phi = 0.,

    ellipticity      = 0.

)



Envelope: how to use it
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Main.geometry     = “AMcylindrical”

Main.number_of_AM = 1

LaserEnvelopeGaussianAM(

    a0              = 1.,

    focus           = [150., 0.],

    waist           = 30.,

    time_envelope   = tgaussian(center=150., fwhm=40.),

    envelope_solver = 'explicit_reduced_dispersion',

    Envelope_boundary_conditions = [ ["PML"] ],

    polarization_phi = 0.,

    ellipticity      = 0.

)
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Laser Envelope Model: Tunnel ionization module
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Species.ionization_model = "tunnel_envelope_averaged"



Laser Envelope Model: LWFA with ionization injection
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F. Massimo et al., Phys. Rev. E (2020)



Laser Envelope Model: LWFA with ionization injection
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Why having advanced fields solvers ?
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Why having advanced fields solvers ?
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Why having advanced fields solvers ?
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X-UV Generation when a laser impinge a solid target 
at a given angle
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How to use it
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#Laser wavelength

L0 = 2.*numpy.pi

dx = L0/10.

Main(

    …

    geometry = "2Dcartesian", #3Dcartesian as well

    cell_length = [dx,dx],

    timestep = dx/2,

    maxwell_solver = "Bouchard",

    …

)
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A new interpolation scheme
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A Laser Wake Field Acceleration scenario
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How to use it
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Main(

    …

    use_BTIS3_interpolation = True,

    …

)

DiagProbe(

    …

    fields   = ["By", Bz", "ByBTIS3", "BzBTIS3“

    …

)
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Current Filtering on current density
(space filtering)
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Current Filtering: reduction of numerical Cherenkov 
radiation
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J.-L.Vay, Journ. Comput. Phys. 230 (2011) 



Consider an advanced field solver
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Consider an advanced field solver
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Current Filtering: how to use it
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CurrentFilter( 

model     = “binomial", 

passes    = [1]

)



Current Filtering: how to use it
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CurrentFilter( 

model     = "customFIR", 

passes    = [1], 

kernelFIR = [0.25,0.5,0.25]

)
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Relativistic Species Initialization example: electron 
sphere
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Relativistic Species Initialization: how to use it
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Main(

…

solve_poisson = False,

solve_relativistic_poisson = True,

…

)

Species(

…

# Relativistic field initialization:

relativistic_field_initialization = "True",

…

)
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Perfectly Matched Layer (PML): Concept
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LWFA in Cylindrical geometry
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LWFA in Cylindrical geometry
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LWFA in Cylindrical geometry (envelope)
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LWFA in Cylindrical geometry (envelope)
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How to use it… in 2D or 3D cartesian geometry
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Main(

… 

number_of_pml_cells = [ [20] ],

pml_sigma = [lambda x : 20 * x**2],

pml_kappa = [lambda x : 1 + 79 * x**4],

…

)



How to use it… in AM geometry
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def sigma(u):

return 20. * u**2

def integrate_sigma(u):

return 20./3. * u**3

def kappa(u):

return 1 + 79. * u**4

def integrate_kappa(u):

return u + 79./5. * u**5

Main( 

…

number_of_pml_cells = [ [20] ],

pml_sigma = [sigma_x, sigma_r, integrate_sigma_r],

pml_kappa = [kappa_x, kappa_r, integrate_kappa_r],

…

)



How to use it… with envelope (experimental)
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Main( 

…

number_of_pml_cells = [ [20] ],

pml_sigma = [lambda x : 20 * x**2],

pml_kappa = [lambda x : 1 + 79 * x**4],

…

)

LaserEnvelopeGaussianAM(

…

    envelope_solver = 'explicit’,

    Envelope_boundary_conditions = [["PML","PML"],["PML","PML"]],

    Env_pml_sigma_parameters = [[0.9,2],[80.0,2],[80.0,2]],

    Env_pml_kappa_parameters = [[1.00,1.00,2],[1.00,1.00,2],[1.00,1.00,2]],

    Env_pml_alpha_parameters = [[0.90,0.90,1],[0.65,0.65,1],[0.65,0.65,1]]

    …

)
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Conclusions and Perspectives
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Relativistic Species Initialization: field computation
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Relativistic Species Initialization example: electron 
sphere
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Perfectly Matched Layer (PML): Concept
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X-UV emission from laser and overdense plasma foil 
interaction

63



X-UV emission from laser and overdense plasma foil 
interaction
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Particle Merging: when should we use it?
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Particle Merging: Smilei implementation
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Binning in 
the momentum space

Merge Macro-particles 
per momentum cells

For each cell:



Particle Merging: concept 

68



Particle Merging: how to use it
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Species( 

…

# Merging

merging_method = "vranic_spherical",

merge_every = 5, 

# other merging parameters

… 

)
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Laser Offset: Laser profile known on tilted plane
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Title
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How to use it

73

LaserOffset(

… 

box_side = "xmin", 

space_time_profile = [ By_profile, Bz_profile ], 

offset = 10., 

extra_envelope = tconstant(),

angle = 10./180.*3.14159 

…

)
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Multi-Level Multi-Domain Particle in Cell
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