
  

  

Plasma sheaths occur in any apparatus where plasma 
comes in contact with material boundaries. Understanding 
sheath structure is key to the development of tokamak 
science, Hall thrusters and other plasma technologies.  
 
Electron temperature in plasmas tends to be larger than 
ion temperature1. Since electron mass is also significantly 
smaller than ion mass, electrons will travel at velocities 
much higher than plasma ions. High velocity electrons 
can leave the plasma for material surfaces and 
accumulate negative charge on these boundaries3. 
Plasma sheaths form around negatively charged 
boundaries.  
 
Particle-in-cell codes such as Large Scale Plasma (LSP) 
are powerful tools for the analysis of sheath formation.  
 
LSP provides a complete framework to create, manipulate 
and analyze a collisionless 1D plasma. The software 
includes: 
 
•  Particle generation, injection and emission 
•  Complex boundary conditions 
•  Detailed diagnostics 
 
We will model and analyze sheath structures using these 
tools. 

Introduction 

Methods 

Particle Density and Potential 
Our simulations do not produce a steady state plasma 
sheath. There are inconsistencies between the 
potential curve produced by our simulations and the 
potential curve of a steady state sheath. The boundary 
conditions of our simulation do not interact with the 
plasma as we expect. We created a floating boundary 
at x = 0.5 cm, but the electric potential near this 
boundary indicates that this region may not be acting 
as we planned. 
  
It is possible to create a steady state sheath using two 
particle injections in LSP. We arrived at a set of 
parameters which are appropriate for sheath 
simulation. Through further investigation into floating 
potential boundary models we will develop a working 
model of sheath formation. 

This work was made possible by funding from the 
Department of Energy for the Summer Undergraduate 
Laboratory Internship (SULI) program. This work is 
supported by the US DOE Contract No.DE-
AC02-09CH11466. 
 
1J. P. Sheehan, I. D. Kaganovich, H. Wang, D. Sydorenko, Y. Raitses, and N. 
Hershkowitz, Physics of Plasmas (1994-present) 21, 063502 (2014). 
 
2J. P. Sheehan, N. Hershkowitz, I. D. Kaganovich, H. Wang, Y. Raitses, E. V. Barnat, B. 
R. Weatherford, D. Sydorenko, Phys. Rev. Lett. 111, 075002 (2013). 
 
3G. D. Hobbs and J. A. Wesson, Plasma Phys. 9, 85 (1967). 
 
4LSP User’s Manual and Reference (2005) 

  

Conclusion 

Acknowledgements 

Simulating Plasma Sheaths with Commercial PIC Code 
A. Dow1, A. Khrabrov2, J. Carlsson2, I. Kaganovich2, H. Schamis3 

 

1Physics Department, University of North Carolina, Chapel Hill, North Carolina 27599 
2Princeton Plasma Physics Laboratory, Princeton, New Jersey 08543 

3Physics Department, University of Michigan, Ann Arbor, Michigan 48109 

Figure 1. Particle density and electric potential in chamber at 201 ns, 300 ns and 600 
ns. At left, electron density shown in black, ion density shown in red. 

Figure 2. Particle velocity in chamber at 600 ns. Electrons shown in blue, ions in 
red. 

Figure 3. Particle velocity in chamber at 600 ns, small velocity range. Electrons 
shown in blue, ions in red 

Intermediate simulations were run with a variety of 
parameter sets. The primary quantities that varied 
were: 
 
Electron flux magnitude 
Changes in electron flux affect overall particle density 
in the chamber. Net density determines the maximum 
cell size for the simulations: no cell could be larger 
than the Debye radius2. 
 
Electron/Ion flux ratio 
While our goal is a quasi-neutral plasma, the boundary 
conditions are such that an excess of charge in the 
chamber will propel particles out and maintain 
neutrality. We were able to adjust the electron to ion 
flux ratio to change our potential structure without 
disrupting the charge balance. We attempted to use 
different flux ratios to compensate for any unintentional 
charge buildup at the boundaries or the chamber. 
 
   
 
 

Simulation Parameters 

Figure 4. Electric field in chamber at 600 ns. 

Simulation Analysis 
General	
  

Chamber	
   0.5	
  cm	
  
Time	
  step	
   0.01	
  ns	
  
Cell	
  size	
   0.001	
  cm	
  
Debye	
  length	
   0.02	
  cm	
  

Injec+ons	
  
Electron	
   Ion	
  

Dri=	
  velocity	
   0	
  c	
   0	
  c	
  	
  
Thermal	
  Energy	
   1.0	
  eV	
   0.025	
  eV	
  
Flux	
   5e5	
  cm-­‐2	
  s-­‐1	
   1e6	
  cm-­‐2	
  s-­‐1	
  
Mass	
   9.109	
  e-­‐31	
  kg	
   1.661	
  e-­‐27	
  kg	
  
Charge	
   -­‐1	
  e	
  	
   1	
  e	
  

Boundary	
  condi+ons	
  
x	
  =	
  0.0	
  cm	
   x	
  =	
  0.5	
  cm	
  

Wall	
   conducMve	
   conducMve	
  
Electric	
  potenMal	
   0.0	
  V	
   floaMng	
  

•  0 ns, ions and electrons begin entering the chamber 
 
•  600 ns, a steady-state particle distribution is reached (Fig.1) 
 
At all points x > 0.1 cm the ion density is very close to the electron density, 
but for x < 0.1 cm the densities diverge in an unbalanced pattern, possibly 
the result of LSP’s injection process. If this is the case, this region can be 
discounted as a non-physical result. While it is not clear what causes this 
divergence, our steady state sheath (which we look for at x > 0.4) will not be 
affected. 
 
The electric potential evolves with the distribution of particles but never 
reaches a steady-state plasma sheath. Where we hope to see a flat potential 
with a valley at x = 0.5 cm there is a concave-up curve.  
 
The magnitude of this potential curve is inconsistent with our expectations. It 
reaches a maximum of 0.006 V while we expect it to exist in the 
neighborhood of 1 V. Our simulation potential is at odds with the electric field 
in the system at 600 ns (Fig. 4). When integrated, this electric field curve 
shows a potential on the order of 1 V. 
 
The x-velocity of particles in the chamber at 600 ns is plotted above (Fig. 2, 
Fig 3). Electrons show Maxwellian distribution above a minimum velocity and 
ions accelerate to ~0.4 as expected. These results are qualitatively 
consistent with our potential curve at 600 ns. 


