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Introduction: Time Domain Electromagnetic 

(TDEM) Sounding isolates induced magnetic fields to 
remotely deduce lunar material properties at depth. 
The first step of performing TDEM Sounding at the 
Moon is to characterize the dynamic plasma environ-
ment, and to be able to isolate geophysically induced 
currents from concurrently present plasma currents. 
The TDEM Sounding transfer function method re-
quires a two-point measurement: an upstream refer-
ence measuring the pristine solar wind, and one down-
stream near the Moon. This method was last performed 
during Apollo assuming the induced fields on the 
nightside of the Moon expand as if in an undisturbed 
vacuum within the wake cavity [1]. TDEM sounding is 
particularly well suited for measurements from moving 
satellite platforms directly accounting for changing 
altitudes [2]. 

Here, we present an approach for isolating induced 
fields, thereby improving the accuracy of existing 
TDEM methods. Our models include a plasma induc-
tion model capturing the kinetic plasma environment 
within the wake cavity around a conducting Moon, and 
an analytic expression of the geophysical forward 
model capturing induction in a vacuum. This method 
can be applied to any two point magnetometer meas-
urement of the Moon or similar airless bodies. 

Transient Plasma Induction Model: Plasma hy-
brid models use the upstream plasma conditions and 
interplanetary magnetic field (IMF) to capture the 
wake current systems that form around the Moon. The 
plasma kinetic equations are solved for particle ions 
with electrons included as a charge-neutralizing fluid. 
These models accurately capture the large scale lunar 
wake dynamics for a variety of solar wind conditions 
(ion density, temperature, solar wind velocity, and IMF 
orientation) [3]. Previously, Fatemi et al. (2015) [4] 
showed that magnetic fields representative of induction 
are not confined within the wake cavity according to 
the wake-induced field interaction. Given the 3D ori-
entation variability coupled with the large range of 
solar wind conditions seen within the lunar plasma 
environment, we must understand the environment one 
case at a time. Here, we use a GPU-based three-
dimensional hybrid model (AMITIS) to accurately 
capture the coupled plasma and induced response self-
consistently [5].  

In order to fully characterize the plasma current 
systems, we compare two runs of the hybrid model: 
one with and one without a conductivity structure 
within the Moon. The first captures the coupled in-
duced-plasma response. The second model captures the 
plasma current systems only. The residual of these two 

runs can be subtracted from the downstream signal 
removing the non-geophysical (i.e., plasma) compo-
nent of the signal. The remaining signal is fit with the 
geophysical induction model in order to constrain the 
electrical conductivity of the lunar interior. 

Geophysical Forward Models: The global elec-
tromagnetic induction response of the Moon in a vacu-
um is solved for a variety of plausible homogeneous 
electrical conductivity models using the analytic ex-
pression developed by [1]. This model solves for the 
geophysically induced response in vacuum to a driving 
step transient event for a specified homogeneous con-
ductivity profile. 

Case Study: Figure 1 compares the magnetic field 
strength near and within the Moon as a function of 
time (columns) and conductivity structure (rows). 

The model uses a right-handed coordinate system 
centered at the Moon, with the +X axis directed toward 
the Sun, which is the Selenographic Solar Ecliptic 
(SSE) coordinate system. Here, the solar wind flows 
along the -X axis. The simulation cell size is 100 km, 
and the lunar radius is RL=1,800 km. The conducting 
lunar interior is modeled as R1 = 1,600 km,  σ1 is as 
specified in the caption of Figures 1 and 2, surrounded 
with a resistive layer of 200 km and 1.0e-8 S/m. The 
vacuum region is 1.0e-8 S/m. The transient event is 
Δ𝐵!!" = [0,+1.5,+10] nT, and passes the Moon at     
t = 30 s. By the time t = 59 s, the event has completely 
passed the lunar sphere and telluric currents within the 
interior of the Moon remain. These currents diffuse 
into the Moon within the Cowling decay time depend-
ent on the size and conductivity of the core layer. 
        Figure 2 displays the 3 component vector manget-
ic field time series in the RNE coordinate system (Ra-
dial is vertical up from the surface, North is aligned 
with the polar axis, and East points in that direction) 
for a single observation point at the anti-subsolar point 
at the surface. The hybrid simulation is compared 
against the analytic model for each component for a 
lunar interior model of the same homoegneous conduc-
tivity and conducting radius. The Field difference 
(right column) displays the residual time series for the 
hybrid reponse of a conducting model (r10, 1e-3 S/m, 
or r11, 1e-4 S/m) minus the response of the resistive 
model (r12, 1e-8 S/m). The analytic response plotted 
here consists only of the poloidal induced response 
only, and not the total field plotted in the left column.  
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Figure 1. The time dependent magnetic field magni-
tude is shown for three varying lunar conductivi-
ties: purely resistive Moon r12 (1e-8 S/m), conduct-
ing Moon r11 (1e-4 S/m), and a highly conducting 
Moon r10 (1e-3 S/m). We note r12 provides the con-
trol demonstrating the wake fields only. The XY 
SSE plane is diplayed from +2Rm to -4Rm in X and 
from ± 2Rm in Y. The color indicates the magnitude 
of the magnetic field where red = 26 nT, white = 16 
nT, blue = 6 nT. 

 

 
Figure 2. Observing Location 0: Anti-subsolar 

point  (-1, 0, 0) Rm. In the RNE coordinate system, 
the total response observed is shown (left) and the 
difference between the conducting cases and the 
resistive case is shown (right). The upstream ob-
server driving the induced response is shown in 
grey. The analytic response is shown for all three 
components, black dashed. Some aspects of the ana-
lytic induced response can be accounted for by re-
moving the wake fields; however, not it its entirety 

due to the coupling occurring between the induced 
and wake fields. 

 
We conclude, for this case study, the effect of the 

diamagnetic wake currents is longer than the geophysi-
cal induction only. Thus, full characterization of the 
wake fields is required in conjunction with the induc-
tion story. 

Future Work. Given the 3D orientation variabil-
ity coupled with the large range of conditions seen 
within the lunar plasma environment, we characterize 
the environment one case at a time. Additional solar 
wind cases will be considered to generalize method 
improvements. 
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