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ABSTRACT
The Particle-in-cell Method (PIC) is a com-
putational method that allows to solve theo-
retical models such as the kinetic description
of plasma [1]. To study plasma it is neces-
sary to understand the behaviour of the parti-
cles through differential equations such as the
Vlasov-Poisson equations. The simulation of
methods such as PIC consumes several com-
putational resources due to the amount of par-
ticles that are used, hence, the processing ca-
pacity of regular CPUs does not satisfy the ex-
ecution time requirements.
This work presents the implementation of the
PIC code in 2D to simulate two-stream insta-
bility in a cyclic and conservative simulation
space while introducing 2D PIC CUDA [2] im-
plementation for the GPU usage achieving an
improvement (17x) in the execution time for a
grid of 64*64 cells for 800,000 particles and up
to 13x for a grid of 517*517 for 800,000 parti-
cles.

INTRODUCTION
Plasma is an ionized hot gas consisting of pos-
itive ions, free electrons and neutral atoms
that is produced when a laser beam hits a
solid. Plasma, due to its collective behaviour
expands in a non-reactive space which makes
it a hydrodynamic problem that can be de-
scribed by the Vlasov, Poisson and Maxwell
equations [1]. Vlasov-Poisson equations de-
scribe the movement of charged particles that
interact in electrostatic fields which represents
their movement [3].
Since the behaviour of the fields that inter-
act among themselves is non-linear, it be-
comes necessary the implementation of com-
putational methods based on particles for its
simulation [4], since the calculation with a big
amount of data is difficult from an analytical
point of view.

EQUATIONS
Implemented Equations:
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ALGORITHM

Figure 1: Parallel Algorithm Implemented

RESULTS

Figure 2: Speed Up
Figure 3: Iteration 0

Figure 4: Iteration 200,000 Figure 5: Iteration 400,000

FUTURE RESEARCH
• Study a memory-management scheme.

Its limit has been reached due to the big
amount of data.

• Implementation of the algorithm in a
distributed memory environment. The
parallel and sequential algorithms con-
sume a lot of resources.

• Implementing the Vlassov-Poisson
equations in 3D.
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CONCLUSION
• It was possible to execute the simulation

in grid and particle sizes that were not
possible in previous simulations.

• The evolution of the simulation model
allowed us to determine how the electric
fields of some particles affect others.
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