
Opportunities for plasma physics experiments on the new lunar orbiting

manned international space station

R.A. Bamford1 on behalf of the European Space Agency

Gateway Space Plasma Physics topical team
1STFC, Rutherford Appleton Laboratory, Chilton, Didicot, OX11 0QX , U.K.

In 2023 the first element of a new international space station is to be launched. The Lunar

Orbital Platform-Gateway (LOP-G), or Deep Space Gateway (DSG) will orbit the Moon rather

than the Earth [1]. The purpose of the Gateway is to acclimatise crew and technology for long

durations and radiation exposure of deep-space missions far from the Earth.

the magnetic fields and temperatures were normalized
proportionately to maintain the same control variables of
plasma β (thermal pressure to magnetic pressure) and Mm
(magnetosonic mach numbers and speeds).

The simulation code is used here to recreate simplified case
study combinations of plasma parameter conditions and
magnetic field dipole orientations and intensities. These can

be compared to the analytical expressions (Bamford et al.
2012) and observational data, e.g., Halekas et al. (2014), for
mini-magnetospheres.
Figure 3 shows the results of the simulation of the solar wind

plasma impacting a localized crustal magnetic field structure.
The insert is a photograph of the Reiner Gamma lunar swirl
taken by the Kaguya (Kato et al. 2010) spacecraft. This
particular image is at an inclined angle similar to the simulation
image’s orientation to the representative plane of the “lunar
surface,” allowing a comparison of the footprint deposition of
protons (red) in the simulation and the “white” of the lunar
swirl.
In Figure 3 only the proton density above a threshold is

visualized, in order to make the box transparent. The magnetic
field structure is shown by the blue field lines (again in part
omitted for the sake of clarity). The red line represents the
magnitude of the space-charge electric field at the boundary,
which is setup by the different penetration depths between
protons and electrons at the edge of the magnetosphere. (Just
the vertical (z) component of the electric field vector is shown
in Figure 7). The lateral-projections of the electric field
structure (which also correspond approximately to the peak
concentration in the relative proton density), reveal interesting
dynamic features and orthogonal asymmetries. The projection
on the y−z plane shows a rippled surface structure, due to the
diamagnetic electron-ion drift instability that occurs perpend-
icular to the magnetic field lines (Cruz et al. 2015). In contrast,
the projection on the x−z plane shows a smooth surface
structure, since the relative electron-ion drift is absent. This
illustrates the anisotropic preferences of particular plasma
instabilities. However, the narrow width of the barrier remains
as a consistent feature, although it is not necessarily a single,
smooth boundary, due to waves, turbulence, and instabilities—

Figure 3. A 3D magnetized plasma collision with a surface magnetic dipole. Insert: a low-altitude, inclined angle photograph taken by the JAXA Kaguya (Kato et al.
2010) spacecraft of the Reiner Gamma Formation (https://the-moon.wikispaces.com/Reiner+Gamma) as an example of a lunar swirl albedo anomaly located
coincident with a localized crustal magnetic field. The solar wind plasma (flowing vertically downward) impacts a localized crustal magnetic field structure (blue
lines). The green spheres and tracks show a subset of the protons’ population trajectory being scattered from the narrow polarization electric field (red). Proton density
enhancements follow the electric field. Only part of the magnetic field lines are shown for clarity and the background densities are not visualized. Superficial
similarities of form and “wisp-like” structures in the lunar swirl pattern are present, such as the pattern of the proton (red) deposition on the surface plane in the
simulation.

Table 1
A Table of the Plasma Parameter Values Used in the 3D Simulation

Plasma Parameter Symbol Value

Plasma temperature Ti 5 eV
Plasma sensitivity nsw -10 cm 3

Solar wind flow velocitya vsw -600 s 1

Solar wind magnetic fielda Bsw nT10
Debye length lD 0.01 km
Thermal proton Larmor orbit rL i, ,th 97 km
Flow proton Larmor orbit rL i, ,fl 627 km
Electron Larmor radius rLe 1 km
Electron skin depth wc pe 1.7 km
Ion skin depth wc pi 97 km
Magnetic field at standoffa ∣ ( )∣B rs nT120
Magnetosonic mach Mm 8
Plasma beta β 0.2
Ratio ion-electron charge-to-mass rqm 1836

Simulation box size ´ ´340 340 170 km
Grid resolution 300 m

Note.
a Operationally, for computational speed plasma inflow and source magnetic
field, both increase by a factor of F=20, which maintained pressure balance

m =B n mv2 2o
2

sw sw
2 at a standoff altitude of w=r cs pi.
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Figure 1: A 3D particle-in-cell simulation of collisionless

shock and diamagnetic cavity formation at lunar magnetic

anomalies with typical in-situ spacecraft trajectory. Insert: A

lunar ‘swirl’ [2]

.

The Gateway will offer the

opportunity to deploy additional

plasma instrumentation on ‘cube’

or ‘nano’ satellites. Previous work

[2] has shown how features like the

lunar crustal magnetic anomalies

can be used as natural laboratory-

type experiments in space due to

the number of in-situ missions that

have made observations and the

fixed footprint of the magnetic field

sources.

The Gateway will offer the

opportunity to conduct active and

passive plasma physics experiments

in a low density, collisionless plasma environment. Active plasma experiments are also being

considered.

In this presentation I will outline some interesting ideas and topics that will take advantage

of this opportunity to investigate plasmas far from equilibrium.
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