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Basics of PIC Simulation methods
* Collisionless plasmas
* Finite-size particles
* Electrostatic codes
* Charge assignment and force interpolation (already in 3-D system)
* Filtering action of shape function
* Summary
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Filtering Action of Shape Functions
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Integration of the
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L Alilasing —

The spurious fluctuation which appears as as result of the loss of displacement
invariance, manifest themselves in k-space as non-physical mode coupling,
known as "aliasing’.

By introducing a mesh we reduced
our representation of p(x) from a

continuous representation p (x) to a T . |
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Principal zone

The extra contributions (from |n|>0) to inside the principal zone are called aliasing



- Aliasing and-reducing noise

* The spurious fluctuations of high frequency cause the
noise and error in the main lobe, which might make the
numerical system to be unstable.

* The high-k components of S(k) is determined by the
smoothness of S(x); The high-k components of n (k) is
determined by the smoothness of n(x), The number of
particles.

* The major noise exists in the particle-in-cell method
mainly comes from the aliasing effect. Two methods
for reducing the aliasing effects:

1. Increase the particle number.
2. Increase the order of the shape function S(x).



~___Collisional effects

The ratio of the cross sections for
finite—sized particles to that for point
particles in in two and three dimensions
(taken from Okuda and Birdsall 1970)

Examples of collision rates:
(a) two dimensions:

System 1004, x 1004,
N = 3x10° particles

nAp? = N,=30

particle radius a = Ap
V=Rw,/16Np= 2x10*w,

(b) three dimensions:

System 50A, x 50A, x 504,
N = 108 particles

nAp? = N,=10

particle radius a = Ap
V=Rw,/16Np= 103w,

1.00

0.10- Two dimensions
; (cylinder)
Gcloud
Gpoint
0.01+ Three dimensions
10°
0.001 5 5 ; . T

0 1 2 3 4 5
cloud radius/Debye length



Finite-size particle effects
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Dispersion function with finite-size particles
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Plasma frequency is modified by smoothing
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ﬁtrictions on time-step and grid size =

1. Courant condition (Cartesian coordinate) this condition comes
from the electromagnetic code (light wave)

cdt <1/ 1/ dx? +1/dx2 +1/dx>

2 o dt<025 o  =max(w, ,0,)

pe’

3. v dt <min(dx,,dx,,dx,)
particle move in one step < 1 cell (grid size)

4. More particles are better, however it takes more memory and
computing time



/Accuracy and-stability of time integration =

In vacuum (E, B) = (E,, By)exp(ik*x —iwt) J=0 from Maxwell equations
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difference for wave equation

Relativistic particles which move faster than numerical speed of light cause
numerical Cherenkov radiation in high wave-numbers



@ulation of vacuum-dispersion solution (homewo/r()

cos(wAt) = (c%) [cos(kAx)—1]+1
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Current deposition seven-boundary move i
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C/urrent deposition-ten-boundary move

Ax,=0.5 —x,

Ay, =(Ay/Ax)Ax,, s
X1=_O.5, Jyt Jiz
y1=y+Ay,, N 1
Ay2=05_y_Ay1 : — Jx2 ; =
Ax,=(Ax/Ay)Ay,,
X,=0Ax,—0.5, do w L
y,=0.5, I I "(gi/TJ%‘"!r
AX3=AX—-AX,—AX,, ‘ .
Ay;=Ay-Ay,—Ay, —, ’ -,




VeE=47mp, Ve %-4%5 Ve(cVXB—-4rJ)= 47ra—
P oy
] Ax(l - ) |
xl q 2 ) 2 o ;:):);,iAy
1 1 A1
J = qAx(=+y+—Ay)
2 2
: : B -t O )
= .= QA)’(E X 5 Ax) j L 3ty _5zli,))_jj’
1 1
= J, =qAy(-+x+—-Ax)

2 2




‘Charge and current-deposition ==
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Current deposition can take as much time as the mover. More optimized *Output
deposits exist (Umeda 2003). =

Charge conservation makes the whole Maxwell solver local and hyperbolic.
Static fields can be established dynamically.



%gﬁcheme in tW
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