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Introduction

Based on Galileo satellite magnetic data collected be-
tween 1996 and 2000, Ganymede’s core magnetic field
had been described as strongly dipolar ([1]). This conclu-
sion led to discussions that Ganymede’s core magnetic
field may be generated within a very small active dy-
namo region deep inside Ganymede’s interior, at a radial
position of possibly only ∼200 km ([1]). [2] confirmed
the magnetic field description of [1] using the data col-
lected by the Juno satellite flyby on June 7th, 2021. The
strong dipole dominance of the magnetic field model by
[1] and thus the extremely-deeply seated magnetic source
led to discussions and development of dynamo models
that could create such a magnetic field (e.g. [3, 4, 5])

The limited spatial coverage of the Galileo tracks
(Fig. 1), together with data uncertainties, may give rise
to alternative magnetic field models with substantially
different properties. Here, we assess this possibility by
constructing a range of different models that fit the flyby
data similarly well.

Limitations of Data Coverage

Internal planetary magnetic fields B are typically de-
scribed as linear combinations of spherical harmonics

V (r, θ, φ) = R

Lmax∑
l=1

l∑
m=0

(gl,m cosmφ+ hl,m sinmφ)·

·
(
R

r

)l+1

Pl,m(cos θ) (1)

B(r, θ, φ) = −∇V (r, θ, φ), (2)

where V is the magnetic potential, r, θ, φ are the radial,
colatitudinal, and longitudinal coordinates,R is the plan-
etary body’s radius, l and m are the spherical-harmonic
degree and order, Lmax is the maximum spherical-
harmonic degree, Pl,m are Legendre polynomials nor-
malized as in [1], and gl,m and hl,m are coefficients de-
scribing a model for the internal magnetic field.

Solving for gl,m and hl,m (eq. 1) from magnetic data
B (eq. 2) with only limited spatial coverage leads to
correlations between the spherical-harmonic coefficients
(see e.g. [6], their Fig. 5.3). For the data locations of
Galileo and Juno (location data from NAIF [7], pro-
cessed using SpiceyPy [8]), the limited spatial coverage
causes g1,0 to be strongly correlated with coefficients of

degrees l ≥ 2 (Fig. 2). As a consequence, the avail-
able data can not distinguish between signal strength in
g1,0 versus in the higher-degree coefficients that are cor-
related with g1,0.

In their magnetic-field model, [1] used only G1, G2,
and G28 (Fig. 1), because flybys G7 and G29 were
at substantially higher altitudes. To demonstrate that
the issue of limited coverage persists, we included all
Galileo Ganymede flyby tracks except for G8 (not shown
in Fig. 1), which occurred when Ganymede was inside
Jupiter’s current sheet ([1]).
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Figure 1: Galileo and Juno (gray outline) tracks. Alti-
tude is above mean Ganymede radius 2631.2 km. Projec-
tion is Mollweide, centered on Ganymede’s sub-Jupiter
point. Ganymede’s leading hemisphere is on the left.

Construction of Alternative Core Field Models

To demonstrate the limitations of available data cover-
age, we calculated a range of magnetic field models that
fit the data at least as well as the solutions of [1] (rms
error 13.7 nT) and [2] (rms error 7.8 nT without Juno,
and 8.3 nT with Juno data). We calculated our mod-
els by solving for coefficients with maximum spherical-
harmonic degree Lmax = 3 and by prescribing values
for g1,0. Because of the strong correlation of g1,0 with
other spherical-harmonic coefficients (Fig. 2), the corre-
lated coefficients can compensate for our choice of g1,0,
leading to higher power in the quadrupole (spherical-
harmonic degree 2) and octupole (degree 3) components
of the resulting magnetic-field models (Table 1).

Like [1] and [2], we subtracted Jupiter’s background
field from the data and additionally solved for a uniform
field for each track, together with the spherical-harmonic
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Figure 2: Correlation between the spherical-harmonic
coefficients when solving for gl,m and hl,m in eq. (1)
from magnetic data (eq. 2) given along the tracks in
Fig. 1, including Juno’s track.

coefficients. Because the magnetic data of Juno’s flyby
were not available on the planetary data system at the
time of writing, our magnetic field models (Table 1) are
solely based on Galileo data. Our correlation analysis
(Fig. 2) included the Juno flyby, because correlation only
depends on data location and not data values. Correlation
analysis with and without the Juno flyby yielded similar
results. We thus expect a similar range of models once
the Juno flyby magnetic data become available.

The coefficients gl,m and hl,m allow for estimating a
source radial position rs and thus depth (rplanet−rs) to the
magnetic source, such as a magnetic dynamo. [1] used
a method based on the ratio between the quadrupole and
dipole power (q/d in Table 1), given as the sum of squares
of coefficients for l = 2 divided by the sum of squares of
coefficients for l = 1. We calculated rs (Table 1) based
on the method of [9]. The spatial pattern of the result-
ing magnetic field models I and II appear to be similarly
plausible examples of core magnetic fields (Fig. 3).

Model prescribed g1,0 rms q/d rs
I − 11 nT 0.004 350 km
II −700 nT 4nT 0.007 1120 km
III −1000 nT 7nT 0.12 1870 km

Table 1: Three models fitting the data to a similar extent.
Model I was constructed for Lmax = 2 and using tracks
G1, G2, G28, with no prescribed g1,0. The resulting g1,0
value was −735 nT. Models II and III were constructed
using tracks G1, G2, G7, G28, G29 and Lmax = 3 with
prescribed g1,0. Residual rms was calculated over tracks
G1, G2, G28.

Discussion and Conclusions

Presently-available Ganymede magnetic field data can
not uniquely constrain Ganymede’s core magnetic field
and the depth to the magnetic source region. Our models
yielded source radii rs between 300 km and 1900 km.

To be able to constrain the magnetic source depth, we
require data coverage over a broader area of Ganymede’s
surface. Future Juno flybys will help constrain the
models by reducing correlation between the spherical-
harmonic coefficients. The upcoming JUpiter ICy moons
Explorer (JUICE) satellite mission carrying a magne-
tometer is set to orbit Ganymede in the early 2030s and
will substantially improve constraints on the depth to
Ganymede’s internal magnetic sources.
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Figure 3: Radial component of Ganymede’s core mag-
netic field evaluated on the surfaceR = 2631.2 km. Top:
Model I. Bottom: Model II.
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