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Introduction

Plasma is the fourth state of matter which consist of ions
and free electrons. This is obtained by heating a neutral gas
so that electrons have high temperature and thus are
removed from atomic nuclei.

Because of the high temperature the behavior is hard to
predict.

Also, because of the high particle density, a direct
calculation of the force between particles is complicated.

As such, a numerical approach is preferred and thus
computer simulations are viable in solving this kind of

problems.
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Methodology

Simulations of a system of charged particles
confined to a volume.

? harged particles
Use of two different methods:

> Monte Carlo with Dynamics (MCD)

method. B
o Particle-In-Cell (PIC) method. \

Implementation of several physical processes such as Radio-Frequency
(RF) electric field and drift from curvature of magnetic field lines.
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Interpolate charge to grid

‘

Solve field equations

‘

Interpolate fields into particle
position

‘

Update velocities and position of

PIC method

Macro particles on a grid.

Solving of the electric field equation.

Numerical integration of equations of
motion.

particles
Only DC voltages on this code. i
Collisional processes between particle Collisions

species [1].
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MCD method

Initial conditions

Metropolis-Hastings Algorithm [2]. !
> Random trial move with a proposed
probability distribution.

MC or Dynamics?

—

Monte Carlo Dynamics algorithm

Canonical ensemble (NVT).
> Boltzmann Distribution.

Dynamics to second order in time.
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* Implementation of the algorithm  « Implementation of an RF electric
for the dynamics. field.

* Drift from curved magnetic fields. < Drift from curved magnetic
fields.

e
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Results
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Implementation of an RF electric field
(PIC)

150

Oscillating electric field in 1D: 100
E = Ejcos(2nft + ¢)
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General solution for this electric field:
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Implementation of an RF electric field
(PIC)

Simulation parameters:
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Implementation of the algorithm for the
dynamics (MCD)

e 2D solution to second order in time for a | | |
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Implementation of the algorithm for the
dynamics (MCD)
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Implementation of drift from curvature of
magnetic field

Drift velocity for a force F in a
magnetic field B [3]:
1 FxB

Vo =

For a toroid with B field B = B

2
mvg

Vo =
4 CIRCB2

(1)
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Implementation of drift from curvature of
magnetic field (MCD)

Simulation parameters:

m = mp’q = e Posicion inicial :
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Implementation of drift from curvature
of magnetic field (PIC)
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implementation. "
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Implementation of drift from curvature
of magnetic field (Theory)

Using the same parameters we get the
theoretical drift distance from equation _—_

(1) as follows: Theory 0.028605m
ASd — UdAt ~ 0.028605m PIC 0.028618m 0.05%
MCD 0.028649m 0.16%
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Conclusions

We developed a code in C++ for simulation of a plasma inside a toroidal vessel.

We successfully implemented an algorithm for the dynamics of charged particles
moving through a magnetic field into a Monte Carlo simulation.

Finally we implemented several processes of interest into the simulations, such
as an RF electric field for the PIC method and the drift from curvature of
magnetic field lines for both methods and compared them to the theoretical
results with success.
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