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What is a Plasma?
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Introduction

® Quasi-neutral gas exhibiting collective behaviour

® Some characteristic properties
® Debye length; A\p
® Electronic thermal velocity; vy,
® Plasma frequency; wpe
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What is a Plasma?
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Governing equations (Electrostatic)

Purely Particle-based implementation:
F=Fe+Fh
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Particle + Field implementation:

E=-V¢
v2p=-—L
€0
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Particle-In-a-Cell (PIC) method
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Particle-In-a-Cell (PIC) method
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Particles and 'Super-Particles’
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® Particles in continuous space
e Fields (p, ¢, E) on discrete grid; Ax
® Discrete time grid; At

generate

Particle —— Field
move
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Particle-In-a-Cell (PIC) method
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Cyclic algorithm to update the system

Integration of equations

of motion, moving particles

(E,B)jo——(p, J)j
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Weighting Al Weighting
(E,B)j —F; (x,v)i—(p,J)j
Integration of field
L equations on grid —

IDC452: Seminar Delivery

7/ 14



Particle-In-a-Cell (PIC) method
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Details - Particle evolution

We use a modified leapfrog integrator (Boris algorithm).

Xktl =Xk
At k+1

V:Vk+(q)~Ek~<At>

m 2

vt — v q., .

r-v _ 49 -V % B

At 2m( +v7) x B
At
Vktl =V +<m) Ey - (2>

Staggered position and velocity grids; xx = x(tx), vk = v(tk_1/2)-
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Particle-In-a-Cell (PIC) method
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Details - Field evolution

@ Potential field from charge configuration:

* p(x) p(k) (k) ¢(x)

FFT 1/k? IFFT

Px+AX)—2¢(x)+d(x—Ax) _ _ p(x) A & >
° A2 — _PED chb 1

X
® Electric field from potential:

o E(x) = 2btA) bt F— D
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Particle-In-a-Cell (PIC) method
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Details - Weighting (first-order)

(o) | | jth cell | |
| I | |
P P— e
Xj-1 | Xj o x| Xj+1 x
| I | 1 |
X;_ Dx X, Bx
l == | I+ I
e Extrapolating charge density:
Xit1 — X xj — X;
q9j = 9c - JAX ’ qj = dc IAXJ
® Interpolating electric field:
(Xjt1 —xi) (xi — X))
E(x;) = JAx ~ - E+ IAxJ “Ej1
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Particle-In-a-Cell (PIC) method
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Details - Weighting (first-order) contd.

(b)

Xj
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What is a Plasma? Particle-In-a-Cell (PIC) method Results
felele} 0000000 ceo

Two-stream instability
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