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Abstract. On 19-20 August 2024, the European Space Agency (ESA) Jupiter Icy Moons Explorer (JUICE) mission performed
the first ever Lunar—Earth Gravity Assist (LEGA) manoeuvre. The mission was launched on April 14, 2023, and is currently
on an 8-year interplanetary cruise to the Jovian system. It is equipped with the RADiation-hard Electron Monitor (RADEM),
a facility instrument designed to measure the most energetic particle populations (electrons, protons and ions) in the Jovian
environment where JUICE will operate. During LEGA, JUICE crossed the Van Allen belts, providing a unique opportunity
to evaluate the in-flight response of RADEM and to optimize its configuration for the Jupiter phase. In this paper, we report
RADEM observations of the Van Allen belts, showing clear sensitivity to trapped electrons and protons. We also discuss
how the Earth-flyby geometry, including pitch-angle effects, influenced the measurements and the implications for future
operations. The observations also demonstrate that while RADEM is a facility instrument, it has the potential to enhance the
scientific return of the JUICE mission by monitoring a key energy range in Jupiter’s radiation belts that no other instrument on

JUICE is covering.

1 Introduction

The Jupiter Icy Moons Explorer (JUICE, Grasset et al., 2013; Boutonnet et al., 2026) mission is the first L-class mission
of the European Space Agency (ESA) Cosmic Vision program. JUICE will study the Jovian system and its three largest icy
moons, Callisto, Ganymede, and Europa. It will make detailed observations of Jupiter’s atmosphere (Fletcher et al., 2023), the
magnetospheres of Jupiter and Ganymede (Masters et al., 2025), and the geology of the moons (Tosi et al., 2024; Denk et al.,
2026; Van Hoolst et al., 2024). JUICE was launched on April 14, 2023, and is expected to enter Jupiter orbit in July 2031. To
do so, it executed the first-ever Lunar—Earth Gravity Assist (LEGA) on August 19-20, 2024 (Dietz et al., 2026), and a Venus
gravity assist on August 31, 2025. Two additional Earth gravity assists are planned for 2026 and 2029.
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Over the course of its operations, the mission will encounter an extremely hazardous radiation environment in the form
of energetic charged particles. These can be separated into three main sources: galactic cosmic rays (GCR; e.g. Potgieter,
2013)-extremely energetic particles (predominantly ions) accelerated outside the solar system; solar energetic particles (SEPs)
emitted from the Sun and/or accelerated in coronal mass ejections (e.g. Reames, 2013; Lario et al., 2022); and energetic
particles trapped in planetary magnetic fields such as those on Earth and Jupiter (e.g. Kanekal and Miyoshi, 2021; Kollmann
et al., 2018; Nénon et al., 2022). These particles produce acute effects in electronics, commonly known as single-event effects
(Oldham and McLean, 2003), and cumulative ionizing (Dodd and Massengill, 2003) and non-ionizing radiation damage (Srour
et al., 2003), reducing semiconductor performance and lifetime.

Jupiter’s radiation belts contain extremely energetic populations of both electrons and protons, with particle intensities that
exceed those observed in Earth’s magnetosphere by several orders of magnitude (Van Allen et al., 1975). In particular, ultra-
relativistic electrons with energies above 10 MeV are present in the Jovian inner magnetosphere (Bolton et al., 2002). Their
intensity close to the planet is so high that they can be observed remotely from Earth in the form of synchrotron radiation.
But even at the distances that JUICE will operate, outside Europa’s orbit, the intensities of electrons above 1 MeV are several
orders higher than those in the most hazardous region of Earth’s Van Allen belts. These electrons are a major contributor to the
total ionizing dose accumulated by spacecraft systems and can also cause deep dielectric charging, posing a significant risk to
electronic components and solar arrays through cumulative degradation and internal electrostatic discharge.

Despite their importance for spacecraft design and mission operations, the highest-energy electron populations in Jupiter’s
radiation belts remain comparatively poorly constrained and several papers have addressed the importance of better under-
standing their structure and dynamics (Roussos et al., 2022; Clark et al., 2026). Previous missions, including Galileo (Williams,
2004) and Juno (Bolton et al., 2017), have provided valuable in situ observations of the Jovian radiation environment. However,
continuous measurements of electrons in the 10-100 MeV range remain limited. Existing radiation environment models rely
on extrapolations from lower-energy measurements.

The JUICE spacecraft carries a suite of ten scientific instruments designed to investigate the Jovian system and its moons.
Plasma and particle measurements are performed by the Particle Environment Package (PEP; Barabash et al., 2016). Within
this suite, the Jovian Energetic Electrons (JOEE) sensor is designed to characterize the Jovian energetic-electron population up
to energies of about 8 MeV. As a result, the ultra-relativistic electrons that dominate the spacecraft radiation dose lie outside
the primary measurement range of JoEE.

To address this gap, JUICE carries the RADiation-hard Electron Monitor (RADEM; Hajdas et al., 2025; Pinto et al., 2026),
a dedicated facility instrument designed to detect very energetic particles throughout the mission, help identify the causes of
anomalies, and support operations planning. It will also perform scientific measurements that support the characterization and
modelling of Jupiter’s radiation belts.

RADEM operates continuously during the JUICE cruise phase and has already measured tens of SEP events (Pinto et al.,
2026). SEP measurements have been used to validate and calibrate RADEM’s proton response (Rodriguez-Garcfia et al., 2025).

Isolating the electron response is more difficult because the electron flux during SEPs is much lower than the proton flux and
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RADEM was designed to operate in much more intense electron environments. During LEGA, JUICE crossed Earth’s radiation

belts, providing a unique opportunity to evaluate RADEM’s sensitivity to electrons.

2 RADEM

RADEM consists of four detector heads: the Electron Detector Head (EDH), Proton Detector Head (PDH), the Heavy Ion
Detector Head (HIDH), and the Directional Detector Head (DDH, Pinto et al., 2019). They were designed to measure electrons
from 300 keV to 40 MeV, protons from 5 MeV to ~250 MeV, ions from helium to oxygen, and electron angular distribution
from 300 keV to 2 MeV, respectively (Pinto, 2019). The EDH, PDH and HIDH are dE/dX-dE silicon-stack detectors with
relatively narrow fields-of-view (FOVs), 15 © for the EDH, 20 ° for the PDH and 40 ° for the HIDH. This ensures the detectors
can operate in the high-flux environment present in the Jovian system. Stack detectors measure particle energies based on how
far in the stack they have traveled and distinguish between particle types based on their deposited energy profile (Pinto, 2019).
The DDH is a single copper collimator with 28 holes corresponding to 28 viewing directions. These are split into 4 zenithal
angles (0 ° - one sensor, 22.5 ° - 9 sensors, 45 ° - 9 sensors, 67.5 © - 9 sensors). The active region consists of a single silicon
plane sensor with 28 pixels corresponding to the projected area of each collimator hole. Three obscured pixels are also present
to monitor penetrating particles, which represent the main background of the detector.

RADEM’s detectors are highly configurable. They can be sensitive to different particle species and energies depending on
their settings. For example, the PDH, EDH and DDH can switch their sensitivity from electrons to protons and vice versa.
During LEGA, the PDH was configured in multiple coincidence mode to measure proton spectra (see Pinto et al. (2026) for
more details). The EDH was in single configuration mode to maximize its geometric factor.

RADEM’s science data is organized into five variables: PROTONS, ELECTRONS, HEAVY_IONS, DD, and CUSTOM.
The first four correspond to detection bins associated with the PDH, EDH, HIDH, and DDH, respectively. CUSTOM contains
a combination of PDH and EDH detection bins. While the HIDH and DDH also made measurements during the flyby, in this
manuscript we focus on the EDH and PDH only.

The sensitivity of each detection bin analysed in this manuscript is described in Table 1. Their response functions are shown
in Fig. 1. Notice that the ELECTRONS detection bins, corresponding to EDH signal processing can be contaminated by high-
energy protons (>70 MeV). Low-energy protons (7-8 MeV) may also contaminate the ELECTRONS 1 channel. While these
particles represent a large background during SEPs, in the Van Allen belts, the two particle populations are well separated,
especially in the outer belt where electrons dominate. This was one of the main goals of RADEM during LEGA: to assess its
in-flight response to electrons.

More information about RADEM’s design, working principle, and response functions can be found in Hajdas et al. (2025);

Pinto et al. (2026).
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Figure 1. RADEM response functions. The top two panels show the sensitivity of the PROTONS detection bins to protons and electrons,
respectively. The bottom two panels show the sensitivity of the ELECTRONS detection bins to protons and electrons. Adapted from Pinto
et al. (2026)



85

90

95

https://doi.org/10.5194/egusphere-2026-2055
Preprint. Discussion started: 15 April 2026 EG U
sphere

(© Author(s) 2026. CC BY 4.0 License.

Table 1. Energy sensitivity of each PROTONS and ELECTRONS detection bin.

Variable Entry Detector Electron Energy Interval (MeV)  Proton Energy Interval (MeV)

1 >20.0 5.70-8.90 & >70.0

2 Not sensitive 8.90-14.2 & 80.0-173

3 Not sensitive 14.7-22.7

PROTONS 4 PDH Not sensitive 22.7-31.5

5 Not sensitive 37.5-45.0

6 Not sensitive 58.0-70.0

7 Not sensitive 70.0-78.0

8 >10.0 >56.0

1 >0.47 7.65-7.95 & >45.0

2 >0.88 >45.0

3 >1.70 >45.0
ELECTRONS 4 EDH >2.00 >55.0

5 >2.00 >65.0

6 >2.00 >70.0

7 >2.00 >70.0

8 >2.00 >70.0

3 Lunar-Earth Gravity Assist

Between August 19 and 20, 2024, the JUICE spacecraft executed the first ever dual gravity-assist manoeuvre using both the
Moon and Earth (Dietz et al., 2026). This was the mission’s first gravity assist and redirected the spacecraft toward the inner
Solar System, placing it on a trajectory to encounter Venus, a gravity assist that occurred in August 2025. JUICE approached
the Earth—-Moon system from the night side. First, it flew past the Moon on August 19, with closest approach (C.A.) occurring
at 21:16 UT at an altitude of 752 km. The Earth gravity assist took place on the following day, with C.A. at 21:56 UT at an
altitude of 6839 km. The LEGA provided a unique test environment for the JUICE instruments including RADEM. A detailed

timeline of the LEGA sequence is shown in Figure 2.
3.1 Earth Inner Magnetosphere

During the Earth gravity assist, JUICE traversed the magnetotail before moving inward to the inner magnetosphere. The
near-Earth magnetosphere, spanning approximately 1 to 10Rg, is dominated by Earth’s intrinsic dipole magnetic field and
is commonly referred to as the inner magnetosphere (Kanekal and Miyoshi, 2021). Its structure varies with particle energy
and can be divided into three main, overlapping regions: (1) the plasmasphere (Goldstein, 2006), consisting of low-energy
ionospheric plasma driven by co-rotational and convection electric fields; (2) the ring current (Ebihara and Ejiri, 2003), formed

by medium-energy electrons and ions drifting in opposite directions due to magnetic field gradients and curvature; and (3)
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Figure 2. LEGA projection on the Earth mean ecliptic J2000 plane. On August 19, 2024, JUICE flew by the Moon with a C.A. of about
750 km altitude at 21h16 UTC. On the following day, it passed by Earth going down to an altitude of about 6840 km at 21h56 UTC.

the Van Allen radiation belts (Kanekal and Miyoshi, 2021), populated by trapped high-energy charged particles (primarily
electrons and protons).

The radiation belts extend from a few hundred kilometers above the Earth’s surface out to L ~ 10, where the L-shell pa-
rameter approximates the magnetic equatorial radial distance of a magnetic field line in units of Rg. The belts are traditionally
divided into two distinct zones. The outer belt (L ~ 3—10) is highly variable and typically dominated by electrons originating
from the solar wind, with energies ranging from tens of keV to several MeV.

Closer to Earth, the inner belt (L ~ 1.2-2.5) is remarkably stable and dominated by protons with energies that can exceed
100 MeV. This inner-belt population is primarily generated through the decay of albedo neutrons produced by cosmic rays
interacting with Earth’s atmosphere (Selesnick et al., 2014), as well as contributions from SEP events. In addition to this
proton population, a substantial flux of sub-relativistic electrons is also present in this region. Separating the inner and the
outer electron radiation belts is the so-called slot region, where electron fluxes are diminished on average, due to rapid pitch

angle scattering electron losses by waves (Li et al., 2023).
3.2 Observations of the Van Allen Belts

Figure 3 summarizes RADEM (first panel) measurements during the JUICE Earth flyby. In the second panel, IMAG (Amtmann
et al., 2024) low-cadence (60-second) measurements are compared to the CHAOS-7 model (Finlay et al., 2020), showing
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excellent agreement. A more detailed analysis of JMAG LEGA observations can be found in LaMoury et al. (2026). Panels
3-5 show the pitch angle of the RADEM FOV calculated with the magnetic field vector from JMAG, the L-shell computed
assuming a dipole field and the magnetic local time (MLT), respectively. A more precise determination of the L-shell for non-
dipolar fields is not critical for the data presented in this manuscript. Panel 6 shows the JUICE altitude in relation to the Earth’s
surface.

In the inbound leg of the flyby, the ELECTRONS detection bins’ count rates began increasing around 19:13 UT and reached
a maximum at 21:02 UT, corresponding to the spacecraft crossing the outer radiation belt. A secondary peak at 20:29 UT is
visible in the lower-energy electron bins, indicating finer structure within the outer belt.

The PROTONS detection bins’ count rates started rising at 21:10 UT and peaked at 21:49 UT, consistent with the inner belt.
A secondary maximum was observed at 21:28 UT and a plateau was found between 22:14 UT and 22:28 UT. Notice that the
peak PROTONS count rate occurred seven minutes before C.A. A possible reason for this offset is that the trapped inner-belt
pitch-angle distribution is anisotropic, strongly peaking at 90° (perpendicular to the local magnetic field). As shown in the
third panel of Fig. 3, the PDH FOV was centered near a 90° pitch angle at the time of the peak count rate. By the time of C.A.,
the instrument’s FOV had shifted away by approximately 5°. However, even though the PDH has a narrow aperture (20°), this
small deviation from 90° is not sufficient to justify such a difference in the total flux. Also, since the C.A. was above the Pacific
Ocean, the asymmetry observed is not due to a crossing of the South Atlantic Anomaly. A more likely reason is that, due to the
geometry of the flyby, C.A. in radial distance did not coincide with minimum magnetic latitude. The peak count rate therefore
occurred when JUICE was closer to the magnetic equator, where the trapped inner-belt proton flux is expected to be higher.

The ELECTRONS 1 detection bin also had a peak inside the slot region at 21:39 UT. This detection bin measures electrons
above approximately 450 keV. While the detection bin can also respond to protons, its spatial profile is clearly different from
that of the PROTONS detection bins. The other ELECTRONS detection bins’ count rates were close to their background levels
during this period, which is in line with the crossing of the slot region and partly into the inner radiation belt, which is devoid
of >1 MeV electrons. Their count rates started increasing again at 22:17 UT, peaking at 22:45 UT and then again at 23:29 UT,
which corresponds to the outbound pass through the outer belt. All detection bins returned to background levels at 00:35 UT
marking the spacecraft’s exit from the outer electron radiation belt.

Most importantly, the time profiles of the ELECTRONS- and PROTONS-bins, even at regions of the most intense proton
radiation, seem uncorrelated. This means that the ELECTRONS channel logic effectively rejects spurious signals from low- to
mid-energy protons, which has been a source of misleading measurements in the inner electron belt, for decades attributed to

ultra-relativistic electrons and until the Van Allen probes mission (Claudepierre et al., 2019).
3.3 Electrons

Even though the RADEM electron detection bins are integrated in energy (see Fig. 1), we estimated the differential fluxes
using the bow-tie method assuming a maximum electron energy of 7 MeV (Boudouridis et al., 2020; Pinto et al., 2026). Fig. 4
shows these differential electron fluxes as a function of dipole L-shell (top panel), together with the total magnetic field and
MLT (bottom panel).
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Figure 3. Summary of the RADEM observations during the Earth flyby. The top panel shows count rates of selected RADEM PROTONS
(diamonds) and ELECTRONS (stars) detection bins. Each color corresponds to an individual detection bin. Their energy sensitivity is given
in Table 1. The second panel presents the Bx (blue), By (orange), Bz (green), and Br (red) magnetic field measured by JMAG (solid
lines) and estimated with the CHAOS model (dashed lines). The third panel shows the EDH, PDH, and HIDH pitch angles calculated from
the JIMAG magnetic field measurements. The fourth and fifth panels show trajectory parameters derived from the CHAOS model, including
L-shell and MLT. The bottom panel shows the spacecraft altitude. C.A. occurred at 21:56 UT at an altitude of 6840 km.



150

155

160

165

170

175

https://doi.org/10.5194/egusphere-2026-2055
Preprint. Discussion started: 15 April 2026 G
© Author(s) 2026. CC BY 4.0 License. E U Sp here

The inbound and outbound electron flux profiles are generally similar, but display clear differences in the apparent L-shell of
the outer peak (L > 5.5). The depth of the flux minimum between the inner and outer belts (slot region) was also much lower
during the outbound pass than during the inbound pass. The apparent spatial differences between the inbound and outbound
flux profiles at high L-shells are likely due to mapping the complex magnetospheric geometry to a simple dipole L-shell and/or
to magnetospheric dynamics. The simple dipole does not capture effects of MLT asymmetries: JUICE approached the Earth
through the stretched night/dawn sector (MLT = 0-6) and departed through the relatively compressed afternoon/dusk sector
(MLT =~ 16-18). This typically has the opposite effect on the electron drift shells, with electron drifts approaching closer to
the planet at midnight, while stretching out at the dayside (Elkington et al., 1999). Consequently, for a given dipole L-shell in
the outer belt (L>4.5), the inbound and outbound legs sampled different local magnetic field strengths (B;), resulting in the
observed asymmetry of the measured electron flux.

On the other hand, the inbound/outbound differences seen within the slot region and for the electron bins <0.72 MeV, are
too strong to be attributed to magnetospheric field asymmetries. These are likely caused by dynamical processes, specifically
by sudden particle enhancements at low L-shells (SPELLS), <1 MeV transients known to fill the slot region and supply the
inner radiation belt with <1 MeV electron flux (Turner et al., 2017). SPELLS decay over timescales of days, meaning that the
observed inbound/outbound asymmetry may not simply reflect their time evolution, but rather indicates that their occurrence
is not uniform and is instead constrained in longitude

The dual peak observed in both the inbound and outbound portions of the flyby is commonly seen at relativistic energies
(> 1 MeV) following strong geomagnetic storms. In JUICE/RADEM, these peaks are primarily observed in the two lowest
ELECTRONS detection bins (ELECTRONS 1 and ELECTRONS 2). During the flyby, geomagnetic conditions were relatively
quiet (Dst ~ —10 nT). However, as shown in the bottom panel of Figure 5, on August 12, eight days earlier, an intense
geomagnetic storm (Dst &~ —185 nT) impacted Earth and significantly disturbed the radiation belts.

As shown in Fig. 5, the proton (top panel) and electron (middle panel) fluxes measured by the GOES-18 Solar and Galactic
Proton Sensors (SGPS, Kress et al., 2021) and the Magnetospheric Electrons and Protons: Medium and High Energy (MPSH,
Kress et al., 2020; Dichter et al., 2015) instruments were strongly affected by the 12 August storm. A secondary, weaker storm
occurred on 17 August and further disturbed the outer belt.

As described by Yuan and Zong (2013) and Kress et al. (2014), such storms typically produce a rapid dropout of outer-
belt electrons during the main phase. The belts subsequently rebuild during the recovery phase, and after about 1-2 days the
electron distribution can evolve into two distinct L-shell peaks, with an inner peak forming first and an outer peak developing
later. This configuration can persist for days or even weeks, so the dual-peak structure observed by RADEM is consistent with
a genuine feature of the electron population sampled during the flyby.

Ultimately, these measurements show that RADEM can measure energetic electrons, successfully achieving its main LEGA

objective.
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Figure 4. Electron flux of trapped electrons as a function of dipole L-shell (top panel). The flux is derived from RADEM measurements
using the bow-tie analysis method (Boudouridis et al., 2020; Pinto et al., 2026). Each color corresponds to a different effective energy. The
inbound and outbound segments of the trajectory are distinguished by solid and open markers, respectively, across all energy channels. The
bottom panel illustrates the local magnetic field magnitude (B¢, magenta, left axis) and the spacecraft’s MLT (brown, right axis), highlighting
the day-night magnetospheric asymmetry that drives the asymmetry of the flux profiles at higher L-shells.

3.4 Protons

Figure 6 shows the trapped proton flux measured by RADEM as a function of dipole L-shell for multiple proton energies.
The proton flux was derived using the bow-tie analysis method as described in Pinto et al. (2026). All energy channels ex-
hibit a pronounced maximum near L = 2.2, corresponding to the core of the inner radiation belt. Beyond this peak, the flux
decreases rapidly with increasing L-shell, indicating a strong outward radial gradient characteristic of trapped high-energy
proton populations.

The inbound flux is about an order of magnitude higher than the outbound flux. Unlike the outer-belt electrons, this asymme-
try at low L-shells (L < 4) is too strong to simply arise from the non-dipolar shape of the magnetosphere. Contributions may

come from the JUICE magnetic latitude, that influences the equatorial pitch angle of the observed protons: trapped radiation

10
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Figure 5. Geomagnetic and energetic particle environment during the August 2024 JUICE flyby. (Top) Proton flux measurements from the
GOES-18 SGPS instrument. (Middle) Electron flux measurements from the GOES-18 MPSH instrument. Different colors represent different
energies in both electron and proton fluxes. (Bottom) Dst index (black line) provided by the World Data Center for Geomagnetism, Kyoto,

indicating geomagnetic conditions. The vertical dashed line marks the C.A. of the JUICE Earth flyby.

belt protons have strongly anisotropic pitch-angle distributions, with the highest fluxes expected for equatorially mirroring par-
ticles (Selesnick and Albert, 2019). During the inbound leg, JUICE crossed the inner belt closer to the magnetic equator, where
the local magnetic field B, is weaker. During the outbound pass at the same L-shell, the spacecraft was at higher magnetic
latitude and higher By, resulting in a lower measured flux. This explanation may apply for smaller scale inbound/outbound
asymmetries seen at L<2.6.

A secondary enhancement is visible centered on the inbound leg near L ~ 2.8, particularly in the lower-energy channels.
The inbound/outbound flux difference there, especially for 7.4 and 11.1 MeV protons at 2.6<L.<3.0, is too large to be solely
attributed to geometrical effects. This feature is collocated with the inner edge of the ring current. A transient solar proton
component is likely to lead to local time/longitudinal asymmetries in the MeV proton distribution at such distances(Selesnick
and Albert, 2019). At higher L-shells, the flux goes back to the instrument background, showing an energy-dependent outer

boundary.

11



200

205

https://doi.org/10.5194/egusphere-2026-2055
Preprint. Discussion started: 15 April 2026 EG U
sphere

(© Author(s) 2026. CC BY 4.0 License.

RADEM Protons

104 .m..,.-""o.. e E=7.4 MeV
‘ * e E=11.1 MeV
> ‘ ‘. o E=18.2 MeV
xs10° @y . e E=28.9 MeV
[ ?) - [ J
c0n () (]
On’ had e
5 £10° %, ° ® <
al e ° ° .
#* !;" °e *e o 8,
— °
10! LR . oo,
e Inbound e ° °, et ® ° . °
. oo
©  Outbound .o o s ° >0
‘N,“ 24
% 18
£ ¢ 4 12
5 AP XTI 5
[aa) . ¢ =
3 e *
10 xxxxxxxxxxxxxxxxxxxxxxxg3&t;;;xxx XX X X X X % x6
v e *
‘ YO0, 40
2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0

Figure 6. Flux of trapped protons as a function of dipole L-shell (top panel). The flux is derived from RADEM measurements using the
bow-tie analysis method described in Pinto et al. (2026). Each color corresponds to a different effective energy. The inbound and outbound
segments of the trajectory are distinguished by solid and open markers, respectively, across all energy channels. The bottom panel illustrates
the local magnetic field magnitude (B, magenta, left axis) and the spacecraft MLT (brown, right axis), highlighting the difference in magnetic

field strength along the trajectory, which is consistent with the inbound/outbound asymmetry in the inner-belt proton flux profiles.

3.5 Moon Flyby

During LEGA, JUICE flew past the Moon at an altitude of about 750 km, in the Earth’s magnetotail lobes and well outside the
main trapped-particle regions of Earth’s magnetosphere. In this interval, RADEM was therefore expected to measure mainly
its interplanetary background of GCRs (Liuzzo et al., 2024). At this altitude, the main effect that was expected was a small
decrease in count rate caused by occultation of part of the sky by the lunar disk.

Figure 7 compares the predicted lunar shadowing fraction with the combined normalized count rate from the RADEM
detectors. A slight decrease is visible near C.A., but it is much smaller than the geometric prediction, which does not account

for the angular response of the individual detector heads. The instrument time resolution is also too slow to capture the sharp
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temporal gradient of the predicted shadowing fraction. Given the low count rate during the flyby and the detector viewing

geometry, this effect cannot be quantified reliably, and we therefore consider the result inconclusive.
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Figure 7. Normalized count rate from all RADEM detectors as a function of time during the lunar flyby on 19 August 2024. The blue curve
shows the total detector count rate normalized to its mean value. The solid black line indicates the mean count rate, and the dash-dotted lines

represent £1 standard deviation. The red dotted curve shows the predicted geometric lunar shadowing fraction.

4 Conclusions and Future Operations

The Jupiter Icy Moons Explorer (JUICE) successfully completed the first-ever Lunar—Earth Gravity Assist (LEGA) in August
2024. This manoeuvre provided the first opportunity to evaluate the performance of the RADiation-hard Electron Monitor in
a trapped planetary-radiation environment. The instrument’s primary objective during LEGA—to demonstrate its ability to
detect trapped electrons—was achieved.

In the outer electron radiation belt, RADEM observed a dual-peak electron structure that is consistent with the recovery
phase of an intense geomagnetic storm that occurred days before the flyby. RADEM also captured large-scale asymmetries in
both the inner and the outer magnetosphere, with the difference between the inbound and outbound electron fluxes reflecting
the day—night distortion of the local magnetic field, pitch angle coverage effects and dynamics, either associated to sudden
particle enhancements at low L shells (SPELLS) in the slot region, or to transient ring current proton populations further out,

possibly remnants of solar energetic particle entry. In the inner magnetosphere, RADEM further mapped the highest-energy
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proton population with a pronounced flux maximum near L ~ 2.2 where JUICE had its closest approach. At that distance and
for proton energies below 45 MeV shown here, the proton spectrum mixes contributions from solar energetic particles and
from galactic cosmic ray secondaries. The latter results in a process known as Cosmic Ray Albedo Neutron Decay (CRAND)
(Selesnick et al., 2014).

Finally, the close lunar flyby was accompanied by at most a small decrease in the total RADEM count rate near C.A.
However, this effect remained inconclusive because the expected signature was weak, the count rate was low, and the detector
viewing geometry reduced the observable shadowing relative to the geometric estimate.

Together, these LEGA observations validate RADEM’s capability to measure electrons and strengthen the characterization
of its proton detection bins. The separation of these two species, especially at the most intense radiation belt region where
the most penetrating proton and electron spectra are mixed, validates the coincidence logic of RADEM. This flyby therefore
provides an important in-flight validation data set ahead of the mission’s science phase at Jupiter.

In the future, the calibration campaign reported in Pinto et al. (2026) will be repeated and the sensitivity of the electron
detection bins will be improved. We also expect to reduce contamination of the electron channels by high-energy protons by
adding coincidences between EDH sensors to the coincidence logic. The second and third JUICE Earth gravity assists will be

used to validate these changes and to prepare for operations at Jupiter.

Data availability. RADEM data are not subject to a proprietary period and is publicly available through ESA Planetary Science Archive. The
JMAG data acquired during the JUICE Moon-Earth gravity assist in August 2024 are currently under the mission’s cruise-phase proprietary
period. These data will be made available through the ESA Planetary Science Archive following the first Cruise Archive Delivery, which is

currently scheduled for six months after the third Earth Gravity Assist in 2029.
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