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Why collisions are needed

- PIC makes simulating plasmas computationally possible by
restricting field to a grid and using finite-size macroparticles.

- Effects smaller than a cell size (rarely smaller than a Debye length)
can’t be resolved.

- Pure PIC has no concept of real number density; one simulation
represents a range of physical systems, up to a scaling factor.

- Discrete particles effects are simulated using Monte Carlo
(stochastic) methods, assuming the information which was
discarded was essentially random

-+ (Note PIC *DOES” have collisions, but they’re distinct in scale and
behavior from physical collisions.)



Monte Carlo Binary Coulomb Collision
Model
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T. Takizuka and H. Abe. “A Binary Collision Model for Plasma Simulation with a Particle Code” Journal of Computational Physics, 25:205-219, 1977.



Nanbu extension to large collision

events

(1) <sin2X7N> — %(1 —e %)

2
(2) s =4rlnA (@) nov S AL (8 ~ VeonnAt)

412 rel
1 A ,
(3) cosy = Zln (e +2U smhA)
(4) cothA — A™t =¢7%

“
K Nanbu. “Theory of cumulative small-angle collisions in plasmas.” Physical Review E, 55(4):4642-4652, April 1997.



Pérez Relativistic and Low
Temperature Corrections
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F Pérez, L. Gremillet, A Decoster, M Drouin, and E Lefebvre. “Improved modeling of relativistic collisions
and collisional ionization in particle-in-cell codes.” Physics of Plasmas, 19(8):083104, 2012



Collision step in main iteration loop
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Collision loop in each cell




Five input parameters are required
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species

if_collide = .true.,
if_like_collide = .false.
g_real = 1,

collisions

{

JC AU
collision_model = "Perez",
nx_collision_cells(1:2) =1, 1,
coulomb_logarithm_automatic = .true.,
! Optional (not default)
perez_low_temp_correction = .true.,




Other inputs to know
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simulation

{
no = 1.1d21,

}

species

{
if_collide = .true.,
if_like_collide = .false.,
g_real = 1,

}

collisions

{
n_collide = 1,
! Defaults
collision_model = "Perez",
nx_collision_cells(1:2) =1, 1,
coulomb_logarithm_automatic = .true.y

! Opticnal {(not default)

perez_low_temp_correction = .true.,




Things you have to worry about a little




Things you don’t have to worry about




Computational Cost




Take Away Message

- For the general user, just a few parameters need to be
input and the collision package will take care of the rest.
Be careful of numerical heating, but otherwise you can’t
really mess up.

- With a little more care, you may improve the
computational performance without losing physics.

- For the developer, both the package and the individual
models are well isolated; easy (and encouraged) to add to
or modify.

- Better vectorization, impact ionization are obvious goals



