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A Debye sheath forms in a plasma right next to a solid target in order to repel electrons, which 

are lighter and more mobile than ions. It is characterised by a strong electric field varying on 

the scale of the Debye length. The presence of a magnetic field with an oblique angle of 

incidence with the wall causes the appearance of a quasineutral magnetic presheath. This is 

characterised by a strong electric field varying on the scale of the ion gyroradius, much larger 

than the Debye length. It affects any magnetised plasma which interacts with a solid target, 

such  as  in  fusion  devices,  Hall  thrusters,  magnetic  filters  and  near  probes.  We  present 

numerical  results  of  the  steady  state  electrostatic  potential  profile  across  the  magnetic 

presheath and Debye sheath, treated on their respective length scales assuming an asymptotic 

scale separation between Debye length and ion gyroradius. Ion and electron trajectories in the 

magnetic presheath and Debye sheath, respectively, are treated as quasi-periodic non-circular 

gyro-orbits by assuming a small magnetic field angle (particularly relevant to fusion devices). 

This approximation greatly expedites the density calculation for a given electrostatic potential 

profile. The steady state profile is obtained in both regions using an iterative scheme which 

converges to a numerical solution of both the quasineutrality equation and Poisson's equation. 

The ratio of Debye length to electron gyroradius, which is a measure of the magnetic field 

strength, is varied in the simulations. We find a critical angle below which no monotonic 

potential profile can exist in the magnetised sheath. The dependence of the critical angle with 

magnetic field strength, ion-to-electron temperature ratio and mass ratio is found numerically, 

and shown to follow an analytical scaling. What happens to the sheath below the critical angle 

is not understood yet. However, in most fusion-relevant cases the critical angle is expected to 

be too low to matter.
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