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We describe a novel approach to accelerate the convergence of electrostatic Particle-

In-Cell (PIC) algorithms with Monte-Carlo-Collisions (MCC) using an ensemble of sparse 

grids instead of the standard grid where the mesh size is of order of the electron Debye length. 

Sparse grids applied to PIC-MCC algorithms essentially rely on the use of the combination 

technique [1]. The latter allows the reconstruction of the profile of any functional (say plasma 

density for instance) on a standard grid using a hierarchy of sparse grids. The advantage of 

using sparse grids is that in total the number of mesh points can be significantly smaller 

compared to the standard grid. Keeping the same number of particles per cell hence results in 

an overall reduction of the number of particles in the simulation domain while keeping a 

similar noise level on the plasma profiles once reconstructed (this is the reason for the faster 

conference of the algorithm). The main drawbacks of using sparse grids is that one may need 

to use a higher grid resolution compared to the standard case in situations where the plasma 

gradients are large. To demonstrate the applicability of the numerical scheme, the method is 

applied to modeling (1) a capacitive discharge [2] and (2) a Hall thruster used in space 

propulsion [3]. The latter is a magnetized plasma discharge were electrons are strongly 

magnetized and ions (Xenon gas) are not. A drift wave type instability in generated inside the 

plasma; this results in a large anomalous current which strongly enhance the transport of 

electrons across the discharge. In these two examples the distribution functions are not 

Maxwellian, there is a plasma sheath at the plasma-wall interface and in the Hall thruster 

case, the plasma profiles in the region of the instability exhibit sharp gradients. The 

simulations are performed in 2D and in all cases we found that the sparse PIC technique 

converges faster. Note that according to the theory [4], the time to reach convergence should 

be significantly reduced in 3D. In this paper, we will discuss the sparse grid PIC technique in 

details together with the benchmark cases.  
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