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Introduction of a 3D Particle-In-Cell (PIC) method

in a Discontinuous Galerkin electromagnetic model.
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Vlasov-Maxwell equations
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Maxwell equations
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Eix,0] = Egx} and Hix,0) = Hy'x) onQ

o Three-dimentioral computational domain Q.

o E is the electric field and H the magnetic field with Ep and Hp
initia) conditions.

o=, pand o dencte, respectively, the permittivity, the permeability
and the conduetivity of the medium.

e Jix, 1) end pix. 1) represent electric current and charge densities

Vlasov equation

o Evolution of the parucle distribution function f in 2 collisionless

o Positions and velocities of particles x,v] are solutions of the char-
acteristics of the Vlasov equation (motion equétions|
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Coupling of equations

o Charge conservation equauion
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o Numencal problem : the discrete charge conservation equation is

o Choice of @ purely hyperbolic corection appropriated for our
schemes|
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Discontinuous Galerkin formulation

« Three-dimensional computational domair. O = U;LIL',. {K})=1.... x hexaledra.
+ On each cell I, Maxwell equations with hyperbolic correction are rewritten :
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¢Conditions: l+a—~=0,3,8202and1+7+n=0

* Boundary conditions for the corrective terms -

n=—1, 8 =1, 7 = 0rabsorbing boundary conditions)
7 =0=0, 7= —1{metallic Youndary conditions)
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o EH) eV = {v e [ vR € T.DFjv g o Fi; € [Qu K

+ Elements of the mesh : a conform mapping Fj,- such that Fie () = IV

# For & spatial approximation order 1, 1+ 1} degrees of freedom located at the Gauss quadreture
points and 3 polynomisal basis functions ¢ ar each degree.

# Degrees of freedom and basis functions 2, on each element K : po Fyix) = DFA—’IQI X). with

Particle-In-Cell method

FIGURE 1: Principle of 3D PIC method.

o Current density' J and charge density p spawn by charged particles .

pix.t) = qu [R‘ Jlx, v, tidp

Jix t) = Zq,] L pfax, v, fidp
T R

« Interpolation of electromegnetic flelds on the particles and particles on mesh with Nearest Grid

DF},; the Jacobian matrix.

\ Point  NGP) method. _)
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Numerical results
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Comparison : DG-Hyperbolic and FDTD-Boris

¢ Boris” method 1elliptic-hyperbolic correction)
o Geometry : perfectly metallic cubic cavity
o Introduction of current and charge densities in the cavity

D3 without coneshion DG formutation Evaluaad fiskds with and without correction
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Coaxial line: Ry =02m, Ry =0.0m, L =0.6m and Vpqp, =AMV

# Source : Transverse Electrohlagnetic (TEM) mode
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