
A  PLASMA-INDUCTION  MODEL  TO  STUDY  THE  ELECTROMAGNETIC  RESPONSE  OF  THE
MOON'S INTERIOR TO A MAGNETIC TRANSIENT.  S. Fatemi1, A. R. Poppe1, H. Fuqua-Haviland1, and G.
T. Delory1 1) Space Sciences Laboratory, Univ. of California at Berkeley, Berkeley, CA (shahab@ssl.berkeley.edu)

Resolving the interior of the Moon is crucial to our un-
derstanding of the fundamental processes of lunar formation
and evolution, and adds insight to the conditions in the early
solar system and formation of the Earth. Today we know that
the Moon has a thin highly resistive crust, and a conductive
mantle  and/or  core; however,  the  thickness  of the  mantle
and core and their  conductivity, structure  and composition
are still under debate [e.g., 5, 9].

One method to explore the structure of the lunar interior
is  to  measure  its  electrical  conductivity. Joint  analyses  of
magnetometer data at the surface and/or orbiting spacecraft
enabled electromagnetic (EM) sounding of the lunar subsur-
face and developed the extent of our current understanding
of the lunar electrical conductivity [e.g., 7, 8]. However, in
most of these analyses, particularly on the night side of the
lunar surface, the effects of the Moon-solar wind plasma in-
teraction have only been considered to a limited extent, with
many simplifying assumptions [e.g., 1]. Today, thanks to re-
cent  observations  and  ongoing simulations,  we  know that
the physics of the Moon-plasma interaction is very dynamic
and  complex  due  to  the  kinetic  nature  of  the  interaction
[e.g., 6]. 

Recently, Fatemi et al., 2015 [3], using hybrid model of
plasma (kinetic ions, fluid electrons) with a static magnetic
dipole at the center of the Moon to mimic the induced mag-
netic field, showed that the induced magnetic fields on the
dayside of the Moon, consistent with previous observations
and theoretical prediction, are confined within the lunar sur-
face through a dayside current sheet. In contrast to previous
work, they showed that the induced magnetic fields are not
confined in the lunar  wake,  and they leak out,  sometimes
even appearing as lunar limb compressions [3].

A  comprehensive  characterization  of  the  Moon-solar
wind  interaction  is  essential  in  order  to  understand  the
physics  of its  electromagnetic  response,  and  by inference,
the implied interior  structure.  To address  this  question we
have developed a GPU-based three-dimensional (3D) hybrid
model (AMITIS) that self-consistently couples the geophysi-
cal response of any object's interior  to its  plasma environ-
ment [4]. Often the required timestep to solve the diffusion
equation for the interior, especially when a part of the inte -
rior contains highly resistive layers like the lunar  crust,  is
much smaller than the minimum required time step to solve
the general hybrid model equations. Therefore, we have de-
veloped a new algorithm that  explicitly solves the general
hybrid model equations, while the diffusion equation for the
interior is solved implicitly. This new development enables
us to overcome the diffusive restriction on the timestep and
run  our  hybrid  model  long enough to resolve  the  interior
electromagnetic response.

Figure 1 shows an example of AMITIS plasma-induction
simulation.  The solid  lines  show the  three  components  of
the magnetic field upstream of the Moon at +3RL, where RL

is the radius of the Moon. The dashed lines show the mag-
netic  field response at  0.2RL altitude  above the surface in
the lunar wake and at 45o behind the terminator. In this sim-
ulation we assumed a two-layer model for the interior struc-
ture of the Moon: a conductive interior of size 0.77RL with
10-3 S/m conductivity surrounded by a 0.23RL resistive crust
with 10-8 S/m conductivity. The role off  (~60 s)  observed
downstream in the Bz component is associated with reorien-
tation  of the  lunar  wake  plasma  current  system [e.g.,  2],
while the magnetic enhancement  in the Bx component and
its associated time decay is the interior response to the mag-
netic transient signal.

Figure 1: Plasma-induction simulation results showing the EM

response of the Moon to a magnetic transient signal.

We have  used  this  model  to  analyze  time-domain  re-
sponse of the Moon to a magnetic transient signal. We have
applied  various conductivity profiles  for the lunar  interior,
and examined the lunar electromagnetic response on the day
and night sides of the Moon and compared our simulations
with Apollo and ARTEMIS observations. We have also stud-
ied the effects of a magnetic transient  on redistribution of
the lunar plasma wake current systems, as well as their ef-
fects on the induced signals from lunar interior. Our model
can  also  be  applied  to  study the  plasma  interaction  with
other solar system objects such as Ceres and Psyche.
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