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Numerical heating due to the mesh size being larger than the Debye length is well understood for collisionless
PIC simulations [1]. However, the importance of grid heating in collisional, partially ionized plasmas such
as streamer discharges is less understood. In these plasma regimes the artificial heating of the plasma can,
at least theoretically, be mitigated by collisional energy transfer to the dense background gas. On the other
hand, elastic energy transfer is extremely inefficient and by inaccurately increasing the electron temperature
both the electronic excitation and ionization rates will increase, potentially leading to significant error in
the plasma evolution and the streamer channel density and temperature. To some extent, whether one cares
about the numerical error introduced depends on the quantity of interest. Specifically, while the density
and temperature of the streamer channel may not affect the streamer velocity or branching, it would most
likely change the current carried through the channel. In the present work we investigate how numerical
heating in collisional plasmas affect various quantities such as the electron energy distribution function and
net ionization coefficient for several cases across a range of mesh sizes. The cases include a 0D, extremely
low E/n plasma representing the streamer channel, a 1D fixed-field “electron avalanche”case representing the
streamer tip region, and a 2D simulation of a streamer.

[1] CK. Birdsall and A B. Langdon, Plasma Physics via Computer Simulation (2005).
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