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Overview: Many airless bodies in the solar system 

such as the Moon have a tenuous atmosphere and no 
global magnetic field. However, many of these bodies 
have local crustal magnetic fields which modify the 
local behavior of the solar wind in these regions. Lunar 
crustal magnetic fields have been observed as high as 
100’s of nT at the surface [1].  

As the solar wind impinges upon a crustal magnetic 
field, ions and electrons behave differtly due to their 
relative mass ratios.  As the lighter electrons enter re-
gions of strong local magnetic fields, they get picked 
up by the magnetic field and gyrate around magnetic 
field lines.  If these electrons are captured outside the 
loss cone and have sufficiently small gyroradii, they 
will mirror about the dipole mirror points and remain 
captured in the mini-magnetosphere generated by the 
crustal dipole field. The heavier ions, however, have 
much larger gyroradii and may therefore stay largely 
unmagnetized.  This discrepancy in ion/electron behav-
ior in a crustal magnetic field will lead to a complex 
potential and surface chage structure [2].  Shown in 
Figure 1 are the results from a laboratory experiment in 
which an Argon plasma impinges on an insulating sur-
face with an embedded dipole field.  Notice the com-
plex and non-monotonic potential structure. 

 

 
 
 
 
Model: To model this scenario, a three dimension-

al Particle-In-Cell plasma simulation code, VORPAL 
[3], is used. In the model, a two species plasma is in-
jected at the upper boundary with an average drift ve-
locity towards the surface.  A fixed dipole field is em-
bedded in the surface with a magnitude strong enough 

such that the electrons become magnetized while the 
ions remain unmagnetized and may freely impact the 
surface.  Mini-magnetospheric effects are observed 
where electrons are captured along magnetic field lines 
and mirror accordingly, while ions reach the surface 
unobstructed by the magnetic field structure.   
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Figure 1. Potential contours above the surface 
along the dipole axis.  Color bar shows potential in 
volts. [2] 
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