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Introduction

• Quasi-neutral gas exhibiting collective behaviour

• Some characteristic properties
• Debye length; λD

• Electronic thermal velocity; vth
• Plasma frequency; ωpe
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Governing equations (Electrostatic)

Purely Particle-based implementation:

F⃗ = F⃗e + F⃗b

= q ·
∑
i

1
4πϵ0

qi
|r⃗ − r⃗i |3

· (r⃗ − r⃗i ) + q · (v⃗ × B⃗ext)

Particle + Field implementation:

F⃗ = q · (E⃗ + v⃗ × B⃗ext)

E⃗ = −∇ϕ

∇2ϕ = − ρ

ϵ0
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Particles and ’Super-Particles’

• Particles in continuous space
• Fields (ρ, ϕ, E⃗ ) on discrete grid; ∆x
• Discrete time grid; ∆t

Particle
generate−−−−−⇀↽−−−−−
move

Field
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Cyclic algorithm to update the system
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Details - Particle evolution

We use a modified leapfrog integrator (Boris algorithm).

xk+1 − xk
∆t

= vk+1

v− = vk +
( q

m

)
· Ek ·

(
∆t

2

)
v+ − v−

∆t
=

q

2m
(v+ + v−)× Bk

vk+1 = v+ +
( q

m

)
· Ek ·

(
∆t

2

)

Staggered position and velocity grids; xk ≡ x(tk), vk ≡ v(tk−1/2).
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Details - Field evolution

1 Potential field from charge configuration:

• ρ(x) −−→
FFT

ρ̃(k) −−−→
1/k2

ϕ̃(k) −−−→
IFFT

ϕ(x)

• ϕ(x+∆x)−2ϕ(x)+ϕ(x−∆x)
(∆x)2 = −ρ(x)

ϵ0
→ D̂2Φ⃗ = − 1

ϵ0
ρ⃗

2 Electric field from potential:

• E (x) = ϕ(x+∆x)−ϕ(x−∆x)
2∆x → E = −D̂1Φ⃗
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Details - Weighting (first-order)

• Extrapolating charge density:

qj = qc ·
Xj+1 − xi

∆x
qj = qc ·

xi − Xj

∆x

• Interpolating electric field:

E (xi ) =
(Xj+1 − xi )

∆x
· Ej +

(xi − Xj)

∆x
· Ej+1
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Details - Weighting (first-order) contd.
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Two-stream instability
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