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/Abstract h

Bodies that lack a significant atmosphere and internal ntaginelds, such
as the Moon, are obstacles to the solar wind. The solar wimslamd elec-
trons directly impact the surface of the Moon due to the ldaimosphere.
Here we investigate the global Moon-solar wind interactismg a hybrid
model (particle ions and fluid electrons). We focus In patéc on the ef-
fects of non-uniform internal resistivity on the Moon-soland interaction.
From seismic and magnetic field measurements it has beanadfinat the
Moon should have a conducting core, surrounded by a resistigll. How
does the presence of a core modify the solar wind intera2tidre the ef-
fects observable?
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The hybrid equations
In the hybrid approximation, ions are treated as partic@es, electrons as
a massless fluid. The trajectory of the ions Is computed fitwenLibrentz
force, given the electric and the magnetic fields. The atefiald is
E:pi(—J]XB—I—JXB—VP€)+77J—?7hV2J, (1)
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wherep; Is the lon charge density; Is the ion current density, Is the
electron pressure,is the resistivity, andy, Is a hyperresistivity. The current
is computed fromJ = 'V x B, wheregu, = 47 - 107" is the magnetic
constant.
Then Faraday’s law Is used to advance the magnetic field @, tim
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Further details on the hybrid model used here, and the dizaten, can be
found in[1, 2, 4].

Vacuum regions and internal resistivity

In regions of low ion charge density;, the hybrid method can have numer-
ical problems. We see from (1) that the electric field comjpamainvolves

a division byp;. Thus, In low density regions we will have large electric
fields, and in the limit of zero charge density, the electetdfimagnitude
will tend to Infinity. This can lead to numerical instabii, due to large
gradients in the electric field, and due to large accelanatmf ions. The
solution quickly becomes unstable.

However, a self consistent, physically correct way of hampthe problem
of vacuum regions was proposed a long time ago. Hewett nbtedacuum
regions can be viewed as having infinite resistivity [5], andalgorithm can
be devised where the resistivity in (1) Is set to a large valuegions of low
density.

In (1) we setl/p; = 0 in vacuum regions and in the Lunar interior. This
leads to the solution of a magnetic diffusion equation irhsegjions. For a
constant resistivity we have that
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This Is similar to the heat equation and gives a time step lionistability
of
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whereAt Is the time step for an explicit time integrator, ana is the cell
size.
A minimum charge density parameter, = 0.0001, decide what cells are
vacuum. It Is also possible to include arbitrary resistigstacles, since the
resistivity can be a function of position = 7n(r). Here we have chosen
the vacuum resistivity off = 10" Qm, zero resistivity in free space, and a
resistivity profile inside the Moon according to Fig. 1.
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Figure 1. The Lunar internal structure from [6]. In red iswidhe resistivity profile used in this work, A
conductive core surrounded by a 300 km thick resistive shiék existence of a Lunar core has been
Inferred from Apollo seismic measurements and magnetid fredasurements.

Model setup

The Interaction between the Moon and the solar wind was etutbr a
resistive obstacle in [3]. To investigate the global effeat a conducting
core, according to Fig. 1, we study the interaction for tgbsolar wind
parameters. The solar wind velocity i1s 400 km/s, the numleasiy is
7 cn°, and the ion and electron temperaturé i$0° K. The interplanetary
magnetic field (IMF) has a magnitude of 5 nT.

At the center of the Moon we have a dipole directed oppositadéd MF,
with a strength such that the radial component of the totll feezero at
the core radius. The effect of this dipole field is to expellti& from the
core. Since the IMF changes on time scales much shorter hieatmte for
the magnetic field to diffuse into the core, the IMF will be eked from the
core. The diffusion time can be estimated/&s,,/n, whereR is the core
radius. In our case this time is more than 7 hours.
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Figure 2. The magnetic field magnitude for a Moon with a commating to Fig. 1. The solar wind is
iInflowing from the left. The panels are cuts that go throughdénter of the Moon and contains the sola
wind velocity vector. The left panel has the IMF perpendacub the solar wind velocity and shows the

plane that contains the IMF, which is shown by the black lifldse center panel shows the plane

perpendicular to the IMF. The right panel shows a case whehMlk is parallel to the solar wind velocity.
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Figure 3: The current density magnitude for a Moon with a @m®ording to Fig. 1. Each panel

corresponds to the panel in Fig. 2.
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Conclusions

¢ \We have presented a hybrid plasma model that can handlevaagions
and obstacles of arbitrary resistivity

e The presence of a conductive core can modify the wake regiangan
also have effects on the dayside magnetic field

e Constraints on the Lunar core size and the conductivity ®htlantle can
In principle be obtained from comparing observations withdels of the
global solar wind interaction

e Ongoing work Is to investigate the effects of different migd resistivity
profiles and changing solar wind conditions
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