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ABSTRACT

Context. Following its launch in April 2023, JUICE is now in its cruise phase to Jupiter, where it is scheduled to arrive in July 2031.
JUICE carries a radiation monitor, namely the RADiation hard Electron Monitor (RADEM) to measure protons, electrons, and ions,
detecting particles coming mainly from the anti-Sunwards direction. On 13 May 2024, a large solar energetic particle (SEP) event
took place in association with an eruption close to the western limb of the Sun, as seen from Earth. Providentially, at that time, JUICE
was located very close to STEREO-A, separated by only 0.13 au in radial distance, 0.3◦ in latitude, and 1.6◦ in longitude.
Aims. Our main aims are to characterise the observations within the interplanetary (IP) context whereby SEPs propagated to near-
Earth, JUICE, and STEREO-A observers, while performing a first comparison of energetic particle instruments on board JUICE and
STEREO-A spacecraft.
Methods. We analysed the IP context using in situ measurements and studied the proton anisotropies measured by near-Earth space-
craft and STEREO-A. We focussed on an isotropic period during the decay phase of the SEP event to compute the proton energy
spectrum. We fit the STEREO-A spectrum and compared it to the one measured by SOHO and JUICE.
Results. We find the proton spectral indices measured by JUICE, SOHO, and STEREO-A to be similar. The proton fluxes measured
by RADEM are in agreement with those from STEREO-A, with a deviation of less than 25%.
Conclusions. The RADEM instrument aboard JUICE is a valuable tool for measuring SEP events in the heliosphere, providing an
excellent opportunity to study and characterise the energetic particle environment in the solar wind between 0.65 and 5.2 au. The inter-
calibration factors between the fluxes measured by STEREO-A and JUICE at the effective energies of 6.9 MeV, 13.3 MeV, 21.6 MeV,
and 31.2 MeV are 1.02, 1.23, 1.12, and 0.95, respectively. We note that these intercalibration factors are valid only until 2024 July 10,
when the configuration of the RADEM instrument was changed.
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1. Introduction

The Sun and its sphere of influence, the heliosphere, are charac-
terised by a variable particle environment shaped by the dynamic
solar activity. Of particular interest are so-called solar energetic
particle (SEP) events, which are periods when a certain region
of the heliosphere is affected by enhanced fluxes of energetic
protons, electrons, and heavy ions, with the potential of damag-
ing spacecraft electronics and delivering increased radiation to
astronauts in orbit (e.g. Jiggens et al. 2014). SEPs are mainly
accelerated in association with solar eruptions, such as flares
and coronal mass ejections (CMEs), and are spread outwards
from the Sun via a number of mechanisms that may involve
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particle transport along or perpendicular to magnetic field lines
(e.g. Dresing et al. 2014). To enhance the physical understand-
ing and predictive capabilities of SEPs (the current status of SEP
modelling has been recently reviewed by Whitman et al. 2023),
the heliophysics research community has concentrated its efforts
on studying events detected by multiple spacecraft positioned at
widely separated locations in the heliosphere, which can offer
additional insights on particle acceleration and transport on a
‘global’ level (e.g. Kollhoff et al. 2021; Rodríguez-García et al.
2021; Lario et al. 2022). Given the enormous spatial scales
involved and the exiguous number of probes covering different
regions of the solar system, many analyses of SEP measurements
in the heliosphere have been possible thanks to data from plane-
tary missions, subsequently employed either in statistical studies
(e.g. Rodríguez-García et al. 2023; Sánchez-Cano et al. 2023) or
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to take advantage of multi-spacecraft observations of a single
event (e.g. Palmerio et al. 2021; Dresing et al. 2023; Khoo et al.
2024; Dresing et al. 2025).

The JUpiter ICy moons Explorer (JUICE; Grasset et al.
2013) spacecraft was launched on 14 April 2023 towards the
largest planet in the solar system. Its goal is to perform detailed
studies of its environment and that of its three ocean-bearing
moons: Europa, Ganymede, and Callisto. It is equipped with
remote-sensing, geophysical, and in situ instruments, and is cur-
rently on its way towards the Jovian system with expected orbit
insertion in July 2031. Amongst its suite of instrumentation,
JUICE carries the RADiation hard Electron Monitor (RADEM;
Pinto et al. 2020; Hajdas et al. 2025), which has the capacity to
measure protons, electrons, and heavier ions for the characteri-
sation of the high-radiation Jovian particle environment. Apart
from its planned planetary investigations, RADEM is opera-
tional over the whole mission’s eight-year cruise phase, thereby
providing an excellent opportunity to study and characterise the
energetic particle environment in the solar wind between 0.65
and 5.2 au.

On 13 May 2024, a large SEP event took place in asso-
ciation with an eruption close to the western limb of the Sun
as seen from Earth. Providentially, at that time, JUICE was
close to radial alignment with the Solar Terrestrial Relations
Observatory Ahead (STEREO-A; Kaiser et al. 2008) spacecraft,
the heliocentric distance separating the two probes being only
∼0.13 au. Hence, this event is optimal not only to enable an
analysis of a substantial particle event detected by multiple
spacecraft in the inner heliosphere, but also to take advantage
of SEP measurements from nearby locations for characterisa-
tion and cross-calibration purposes (e.g. Khoo et al. 2024). In
this study, we present observations and analysis of the 13 May
2024 SEP event with a particular focus on measurements from
JUICE, STEREO-A, and near-Earth assets, such as the Solar and
Heliospheric Observatory (SOHO; Domingo et al. 1995) and the
Wind (Ogilvie & Desch 1997) spacecraft. Our main aims are to
characterise JUICE observations within the interplanetary (IP)
context through which SEPs have propagated and to perform a
cross-calibration of the energetic particle instruments on board
JUICE and STEREO-A spacecraft.

In Sect. 2, we present the spacecraft positions in the helio-
sphere at the time of the particle event on 13 May 2024 and list
the main instrumentation used in this study. Section 4 presents
an overview of the solar eruption related to the particle event,
which is discussed in detail in Sect. 5. In Sect. 6, we summarise
and discuss our main findings. In Sect. 7, we outline our conclu-
sions.

2. Spacecraft positions and instrumentation

An overview of the locations where different inner heliospheric
probes were situated at the onset time of the 13 May 2024
event is provided in Fig. 1(a). STEREO-A (1, red) was located
at 0.96 au from the Sun and ∼13◦ west of Earth (2, green).
JUICE (6, pink) was close to radial alignment with STEREO-
A at a distance of 1.09 au. Parker Solar Probe (PSP, 4, purple;
Fox et al. 2016) was near its aphelion, at about 0.74 au from the
Sun and ∼94◦ west of Earth. Solar Orbiter (5, blue; Müller et al.
2020) was located at 0.72 au and about ∼169◦ west of Earth.
BepiColombo (3, gold; Benkhoff et al. 2021) was positioned at
0.35 au between the locations of PSP and Solar Orbiter; however,
none of its instruments were collecting data during the SEP event
investigated here. In particular, the spatial separation between
JUICE and STEREO-A (0.13 au in radial distance, 0.3◦ in lat-

itude, and 1.6◦ in longitude) is appropriate for a characterisa-
tion of the particle instrument on board JUICE in comparison to
STEREO-A measurements.

In Fig. 1a, we see that each observer is connected to the
Sun via nominal Parker field lines that employ measured solar
wind speeds when available. The black arrow marks the lon-
gitude of the associated flare (W81 in Stonyhurst coordinates)
and the dashed black spiral depicts the nominal magnetic field
line connecting to this location. For Earth, a speed of 690 km s−1

has been employed based on data from the Solar Wind Exper-
iment (SWE; Ogilvie et al. 1995) on board the Wind space-
craft, orbiting the Sun-Earth L1 point. The field line connecting
STEREO-A to the Sun assumes a solar wind speed of 700 km s−1

according to measurements from the Plasma and Suprathermal
Ion Composition (PLASTIC; Galvin et al. 2008) investigation.
The same value has been employed for JUICE due to its prox-
imity to STEREO-A. For PSP, the employed solar wind speed
is 530 km s−1 following data from the Solar Probe Cup (SPC;
Case et al. 2020), which is part of the Solar Wind Electrons
Alphas and Protons (SWEAP; Kasper et al. 2016) instrument.
At Solar Orbiter, the assumed ambient wind speed of 350 km s−1

is based on measurements from the Proton-Alpha Sensor (PAS)
of the Solar Wind Analyser (SWA; Owen et al. 2020) suite. For
BepiColombo, an average value of 400 km s−1 was used due to
the lack of available plasma measurements. Finally, the field
line emanating from the flare location employs a wind speed
of 600 km s−1, an approximately intermediate value between the
speeds measured by STEREO-A and PSP. According to the
heliospheric context depicted in Fig. 1a, it is clear that the loca-
tions that are best-connected to the solar eruption are STEREO-
A and JUICE (footpoint separation of ∼30◦), followed by Earth
(footpoint separation of ∼45◦ to east of the flare) and PSP (foot-
point separation of ∼50◦ to west of the flare), and, ultimately,
by BepiColombo and Solar Orbiter, with the latter displaying a
footpoint separation of ∼140◦.

Figure 1(b) shows the corresponding ∼22 MeV proton
intensities observed by different spacecraft. It employs data
from JUICE/RADEM (detailed in Sect. 3) as well as those
from the Energetic and Relativistic Nuclei and Electron
(ERNE; Torsti et al. 1995) instrument on board SOHO, orbit-
ing the Sun-Earth L1 point, the High Energy Telescope (HET;
von Rosenvinge et al. 2008) part of the In situ Measurements of
Particles And CME Transients (IMPACT; Luhmann et al. 2008)
suite on board STEREO-A, the Energetic Particle Instrument-
High (EPI-Hi; Wiedenbeck et al. 2017) part of the Integrated
Science Investigation of the Sun (IS�IS; McComas et al. 2016)
on board PSP, and the High-Energy Telescope (HET) part of
the Energetic Particle Detector (EPD; Rodríguez-Pacheco et al.
2020) on board Solar Orbiter. The plot shows how the event
features, such as flux–time profiles, onset times, and peak
intensities vary across the different observers. STEREO-A
and JUICE observed rapidly increasing fluxes, in agreement
with their good connectivity to the eruption. Earth and PSP
observed a more gradual increase in the proton flux proba-
bly due to their larger footpoint separation to the eruption
location. Solar Orbiter detected a slow and modest rise in
proton fluxes, consistent with its relatively poor magnetic con-
nection to the flare’s origin. This analysis concentrates on
observations near 1 AU; specifically, from JUICE, near-Earth
spacecraft such as Wind and SOHO, and STEREO-A, as these
three locations had better magnetic connectivity to the solar
event’s source region. Hence, PSP and Solar Orbiter data
are not included in the detailed analysis presented in this
study.
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Fig. 1. Spatial distribution of spacecraft and their magnetic connectivity at 09:45 UT on 13 May 2024, along with SEP observations from multiple
spacecraft. (a) The spacecraft constellation was produced using the Solar-MACH tool (Gieseler et al. 2023), which is accessible online https://
doi.org/10.5281/zenodo.7016783. The solar wind speeds applied at various positions are derived from a combination of in situ measurements
and estimated values, as detailed in the main text. (b) Proton intensities near 22 MeV recorded by the different spacecraft are shown. The orange
vertical line marks the time of the flare’s soft X-ray peak (around 09:44 UT), which is associated with the observed SEP event.

Additional observations of magnetic field, plasma, and par-
ticles were used in this study to provide context to the afore-
mentioned data set, given by the Magnetic Field Investigation
(MFI; Lepping et al. 1995), SWE, and the Three-Dimensional
Plasma and Energetic Particle Investigation (3DP; Lin et al.
1995) on board Wind; Electron, Proton, and Alpha Monitor
(EPAM; Gold et al. 1998) on board the Advanced Composi-
tion Explorer (ACE; Stone et al. 1998); Electron Proton Helium
Instrument (EPHIN) part of the Comprehensive Suprathermal
and Energetic Particle Analyser (COSTEP; Müller-Mellin et al.
1995) on board SOHO; and Magnetic Field Experiment (MFE;
Acuña et al. 2008), PLASTIC, Solar Wind Electron Analyzer
(SWEA; Sauvaud et al. 2008), and Low Energy Telescope (LET;
Mewaldt et al. 2008) on board STEREO-A. The Particle Envi-
ronment Package (PEP) and magnetometer (MAG) onboard
JUICE remain inactive during the cruise phase (except for sched-
uled check-out windows and Earth gravity assist manoeuvres)
until six months prior to Jupiter orbit insertion.

3. The RADEM instrument on board JUICE

The RADEM instrument on board JUICE has been measur-
ing high-energy electrons and protons since September 2023.
It is composed of four detectors heads: Proton Detector Head
(PDH), Electron Detector Head (EDH), Heavy Ion Detector
Head (HIDH), and Directional Detector Head (DDH) (Pinto
2019). Due to the configuration of its front-end electronics, at
the time of the SEP event on 13 May 2024, the EDH and DDH
measured both electrons and protons, while the HIDH measured
both protons and other (heavy) ions. The PDH was able to mea-
sure protons with low contamination from electrons. Therefore,
in this analysis, we chose to focus only on PDH measurements.
We note that all channel configurations were changed in July
2024 to improve particle and energy discrimination. Therefore,
the analysis discussed here only applies to SEP events before
that date and with the conditions explained below.

The PDH instrument is an eight-sensor silicon stack detec-
tor pointing anti-sunward, away from the JUICE–Sun line of

sight, with a 20◦ field of view. We note that the RADEM instru-
ment is oriented away from the Sun, due to the spacecraft ther-
mal constraints during the cruise phase and its location in the
+X panel of the spacecraft. At the time of the SEP event onset,
the PDH was working in single coincidence mode, meaning
that each detector worked independently. This means that all
eight sensors (channels) measured protons with energies above
a threshold energy, as described in (Pinto 2019). Moreover, pro-
tons above 70 MeV are capable of penetrating the walls of the
PDH collimator and reach the sensors. Therefore, each PDH
channel alone was not capable of discriminating proton ener-
gies, working essentially as an integral energy channel. How-
ever, by linearly combining channels, as summarised in Col. 1
of Table 1 and applying a bow-tie method (e.g. Raukunen et al.
2020), as summarised below, we were able to generate four dif-
ferential energy proton channels. These channels were chosen
based on their respective signal-to-background ratio. Since the
second proton detector threshold was set very low, it had a large
background, most likely due to electronic noise. To decrease the
effect of background counts, we subtracted the average count
rate of each channel from a quiet period, namely the day of 6
May 2024.

Since the response to protons above 70 MeV is different
for each proton bin, we applied the bow-tie method using the
channel response functions up to this energy only (70 MeV).
The response functions were derived using the GEometry ANd
Tracking (GEANT4) simulation toolkit (Allison et al. 2016),
with simulation parameters as detailed in Pinto (2019). The
observed counting rate of a detector can be approximated as
R = j(Eff)·G·dE, where Eff is the effective energy, G is the chan-
nel geometric factor, and dE is the channel width. If we assume
the flux spectrum to be a power law of energy, the bow-tie anal-
ysis method can find a unique solution for the Eff and G · dE,
independent of the spectral index of the SEP event. The spec-
tral indices [−5,−2] encompass the majority of SEP events. As
described by Raukunen et al. (2020), we adjusted the power-law
index in 0.1 steps within the specified range and derived a set
of effective-energy-dependent G · dE curves that converged cen-
trally, creating a characteristic ‘bow-tie’ pattern (Van Allen et al.
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Table 1. List of linearly combined RADEM/PDH channels with their respective proton energy ranges and effective energy.

Channel Combination Energy Range (MeV) Effective Energy (MeV) GdE (cm2 sr MeV) δ−G (%) δ+
G (%)

(1) (2) (3) (4) (5) (6)
1x[Proton_Bin_1] – 1x[Proton_Bin_3] 5.35–14.4 6.9 0.214 −1.22 3.00
1x[Proton_Bin_2] – 1x[Proton_Bin_4] 8.75–22.8 13.3 0.837 −9.31 24.6
1x[Proton_Bin_3] – 1x[Proton_Bin_5] 14.5–37.4 21.6 1.22 −6.53 17.93
1x[Proton_Bin_4] – 1x[Proton_Bin_5] 22.8–36.6 31.2 0.844 −2.91 8.58

Notes. Col. 1: Linear combination of proton channels used to create differential channels. Col. 2: Energy range of the proton channel. Col. 3:
Effective energy obtained with the bow-tie method. Col. 4: Mean value of the geometric factor distribution calculated with the bow-tie method.
Cols. 5 and 6: 5th and 95th percentile of the geometric factor distribution subtracted from the mean value in percentage calculated with the bow-tie
method. Details are given in the main text.   

Fig. 2. Overview of several of the available remote-sensing observations for the 13 May 2024 eruption. (a) SDO/AIA image in the 131 Å channel
showing AR 13664 and the eruption onset in the southwestern quadrant of the solar disc. (b) Coronagraph image from the COR2 telescope onboard
STEREO-A displaying the CME as it propagated through the solar corona.

1974). The point of convergence represents the optimal values
for both the effective energy (Eff) and G · dE within the range
of power-law spectra considered. This optimal point is identified
by minimising the spread between the 95th percentile (δ+

G) and
the 5th percentile (δ−G) of the G · dE values.

We note that this reconstruction is only valid for SEPs with
negligible proton fluxes above 70 MeV and for observations
made between September 2023 and 10 July 2024, as discussed
above. Additionally, while this method finds a unique value of
G ·dE to reconstruct the flux independently of the spectral index,
the response of each channel still depends on it. Therefore, the
quality of the reconstruction is influenced by the spectral shape
at each moment in time. Table 1 shows the results using the
bow-tie method, showing the four resulting channels (Col. 1),
the energy ranges (Col. 2), the effective energies (Eff, Col. 3),
and the mean geometric factor (G · dE, Col. 4), as well as the
5th (δ−G, Col. 5), and 95th (δ+

G, Col. 6) percentiles of the geo-
metric factor. The quality of the data reconstruction is better for
the lowest (6.9 MeV) and highest (31.2 MeV) energy channels,
which have the lowest geometric factor dispersion in relation to
the spectral index, as can be seen in Cols. 5 and 6 of Table 1.

4. Overview of the solar eruption

As described in detail by, for example, Liu et al. (2024) and
Weiler et al. (2025), the Sun exhibited considerable activity

in May 2024. A large and complex National Oceanic and
Atmospheric Administration (NOAA) active region (AR) 13664
appeared from the eastern limb as seen from Earth on 30 April
and disappeared behind the western limb on 13 May. As it
rotated with the Sun, AR 13364 produced a series of M- and
X-class solar flares and CMEs. The SEP event under analysis
is related to an M6.6 flare and associated CME erupting on the
western limb at the beginning of day 13 May. We summarise
here the relevant information concerning this eruption, along
with an overview of some available remote-sensing observations
is provided in Fig. 2.

4.1. The flare

The source region, AR 13664, located at S17W81 in Stony-
hurst coordinates, and the onset of the 13 May 2024 erup-
tion as observed from Earth orbit by the Atmospheric Imaging
Assembly (AIA; Lemen et al. 2012) on board the Solar Dynam-
ics Observatory (SDO; Pesnell et al. 2012) in the 131 Å channel
are shown in Fig. 2a. The associated M6.6-class flare was of long
duration, with start time at 08:48 UT, peak time at 09:44 UT, and
end time at 10:57 UT. The GOES X-Ray flux in the top panel of
Fig. 1 in Kruparova et al. (2024) shows the flux increase related
to the flare under study (approximately mid day of 13 May). The
second and third top panels of Fig. 1 in Kruparova et al. (2024)
show the Type III radio bursts as observed by Wind/WAVES and
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STEREO-A/WAVES, indicating that electrons escaped from the
flare eruption outwards through IP space.

4.2. The coronal mass ejection

Figure 2b shows an image from the COR2 coronagraph part of
the Sun Earth Connection Coronal and Heliospheric Investiga-
tion (SECCHI; Howard et al. 2008) suite on board STEREO-A.
It displays the CME associated with the flare eruption as it prop-
agated through the solar corona. The CME parameters were esti-
mated by Liu et al. (2024) using the graduated cylindrical shell
(GCS; Thernisien et al. 2006, 2009) technique, which assumes
a croissant-like morphology for CMEs with two ends anchored
at the Sun. The GCS model utilises observations from multiple
vantage points (specifically, from STEREO-A and SOHO in this
case) to reduce projection-related distortions when characteris-
ing the CME, particularly with respect to its de-projected speed,
angular width, and position in the corona.

The 3D reconstruction indicates that the CME propagates
along a radial trajectory, with a Stonyhurst latitude of −36◦ and
longitude of 85◦. The tilt angle (γ), which describes the orien-
tation of the CME’s central axis relative to the solar equatorial
plane, is 90◦, signifying a north–south axis. The CME speed is
derived from a linear fit of the leading-front distances in GCS
reconstruction, giving a value of 1700 km s−1. The aspect ratio
(κ) is 0.70 and the half angle is 25◦. Following the approach out-
lined by Dumbović et al. (2019), the semi-angular width of the
CME in the equatorial plane is determined using the formula:
Rmaj − (Rmaj − Rmin) × |γ|/90 , where Rmaj represents the face-
on half-width of the CME and is obtained by adding the half-
angle to Rmin, the edge-on half-width. The value of Rmin itself is
derived using arcsin(κ). This results in a width or total angular
extent of the CME of 89◦. Thus, the wide CME (∼89◦) is prop-
agating in IP space in the direction S36W85 with a high speed
(∼1700 km s−1).

5. Analysis of the SEP event on 13 May 2024

In this section, we first present the SEP event observed by near-
Earth spacecraft (Wind, ACE, SOHO), STEREO-A, and JUICE
on 13 May 2024, together with the IP context through which
particles were accelerated and spread. We then proceed with in-
depth analyses of the SEP pitch-angle distributions (PADs) and
of the proton energy spectra from the three locations. Finally, we
present a detailed comparison of JUICE, SOHO, and STEREO-
A observations, including proton spectra analyses.

5.1. Solar energetic particle measurements and IP context

As mentioned in Sect. 4, the period of May 2024 was charac-
terised by high levels of solar activity. In particular, a sequence
of CMEs launched in close succession from AR 13664 was
responsible for the largest geomagnetic storm in two decades,
which took place between 10 and 12 May (e.g. Hajra et al. 2024;
Liu et al. 2024; Hayakawa et al. 2025). The link to a simula-
tion of the heliosphere’s state during the aforementioned period,
using the WSA–ENLIL+Cone model (Odstrcil et al. 2004), is
included in Appendix A, along with a description of the model
and the model’s input parameters.

To evaluate the IP context through which SEPs accelerated
by the 13 May eruption were spread near the locations of the
Earth, JUICE, and STEREO-A, we also examined (in addition
to particle data at the three locations of interest) the magnetic

field and plasma measurements near Earth and at STEREO-
A. We note that evaluating the IP status is crucial for under-
standing how particles reach the different spacecraft compared
here, as IP structures can influence their fluxes and anisotropies
(Richardson & Cane 1996; Rodríguez-García et al. 2025).

These combined observations of magnetic field, plasma, and
particles are all displayed in Fig. 3. To identify the different
structures impacting the two locations for which magnetic field
and plasma data are available (i.e. Earth and STEREO-A), we
searched for signatures indicating the passage of shocks as well
as IP CMEs (hereafter ICMEs, e.g. Zurbuchen & Richardson
2006). The so-called magnetic clouds (displaying a clear flux
rope structure) are easily identifiable via ‘classic’ signatures
such as (1) an increase in the magnetic field strength, (2) a
monotonic magnetic field rotation, (3) low proton temperature,
and (4) plasma β below 1 (Burlaga et al. 1981). The event stud-
ied here features multiple instances of CME-CME interaction
(e.g. Lugaz et al. 2017); hence, it is not straightforward to iso-
late individual eruptions in the in situ time series. Nevertheless,
we attempted to separate the arrivals of distinct magnetic field
and plasma environments, noting that at least a portion of them
may have undergone interaction and merging before reaching
1 au. We identified a magnetic ejecta when at least the following
conditions were met: plasma β below 1, a lower-than-expected
temperature, some rotation in the magnetic field components,
and lower fluctuations in the magnetic field in comparison to the
ambient solar wind. In the following, we describe the IP con-
text at the three locations emerging from our analysis in greater
detail.

5.1.1. Solar energetic particle observations and IP context:
Earth

Figure 3a shows the magnetic field, plasma, and particle obser-
vations by near-Earth spacecraft from 13 to 16 May 2024. The
peak of the solar flare associated with the SEP event on 13 May
is indicated with the vertical dashed purple line. At the time of
the SEP onset, near-Earth spacecraft were embedded in a series
of interacting magnetic ejecta indicated with the golden and aqua
shadings from 07:20 UT on 13 May to 06:16 UT on 14 May. We
observed rotations in the magnetic field components (iii, iv), a
low plasma beta (viii), evidence of speed expansion (v), a lower-
than-expected temperature (vii), and bi-directional suprathermal
electron PADs. The bottom panel (x) shows the proton inten-
sity profile as measured by ACE/EPAM, SOHO/EPHIN, and
SOHO/ERNE, presenting a gradual rise of energetic protons
above 13 MeV up to at least 50 MeV. We observe a flux peak
around 18:00 UT on 13 May, likely related to a sudden change
in the magnetic field orientation (panel (iii)). The lower ion
energies only increase in the rear part of magnetic ejecta after
the passage of a shock-like wave impacting near-Earth space at
23:20 UT on 13 May indicated with the grey vertical line. Pro-
tons arrived to the spacecraft from the Sun at pitch-angle 180
(inwards polarity), and present a bidirectional flow of suprather-
mal electrons accompanied by a depletion at a pitch angle of
90 lasting ∼12 hours, consistent with the presence of a mag-
netic ejecta, as discussed in Sect. 5.2. Near-Earth spacecraft also
observed a prior energetic storm particle (ESP) event associated
with a shock arrival on May 10 and an SEP event on May 11 fol-
lowed by several ESP events associated with IP shocks arriving
at Earth (not shown). This period is the one related to the intense
geomagnetic storm discussed by Hajra et al. (2024), Liu et al.
(2024), Hayakawa et al. (2025), and Weiler et al. (2025), for
instance.
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Fig. 3. In situ magnetic field and plasma observations as well as SEP time profiles by (a) near-Earth spacecraft and (b) STEREO-A, together with
(c) proton observations by JUICE. The panels in (a) and (b) from top to bottom: (i) magnetic field magnitude, (ii) magnetic field components
(where RTN stands for radial-tangential-normal coordinates; e.g. Hapgood 1992), magnetic field (iii) latitudinal and (iv) azimuthal angles, θB-RTN
and φB-RTN, (v) solar wind speed, (vi) proton density, (vii) proton temperature, (viii) plasma β, (ix) solar wind suprathermal electron PADs, and
(x) energetic proton temporal profiles. The purple dashed line indicates the flare peak time (13 May 2024 at 09:44 UT). Solid gray vertical lines
indicate the passage of IP shocks or shock-like structures, whilst shaded areas in alternating colours indicate magnetic ejecta. The panel in (c) shows
the energetic proton temporal profiles (i) for JUICE, with the three marked magnetic ejecta regions being propagated from their corresponding
passage times at STEREO-A. Further details are given in the main text.

5.1.2. Solar energetic particle observations and IP context:
STEREO-A

Figure 3b shows the magnetic field, plasma, and particle obser-
vations by STEREO-A from 13 to 16 May 2024. At the time of
the SEP onset, the STEREO-A spacecraft was embedded in an
magnetic ejecta indicated with the aqua shading from 05:38 UT
to 20:27 UT on 13 May. This is the same magnetic ejecta iden-
tified at the near-Earth location, marked with the same colour.
The bottom panel (x) shows a clear proton event observed up to
energies of ∼40 MeV with a fast increase in the measured fluxes
coinciding with the passage of a shock-like wave marked with
the grey vertical line (likely corresponding to the one identi-
fied at Earth), where clear velocity dispersion is also present. We
observed a double peak in the flux of protons followed by a grad-

ual increase until the end of the magnetic ejecta, which marks the
start of the decay phase of the particle enhancement. The deple-
tion of particles in between the two peaks might be related to
a sudden change in the magnetic field orientation (panel (iii)).
The protons arriving first reached the spacecraft from the Sun
at pitch-angle 0 (outwards polarity), as discussed in Sect. 5.2.
The prior ESP event that occurred on 10 May as well as the SEP
event of 11 May are also measured by STEREO-A, with proton
flux profiles that are qualitatively similar to the ones detected at
near-Earth spacecraft (not shown).

5.1.3. Solar energetic particle observations: JUICE

The bottom panel i of Fig. 3c shows the SEP event on 13
May 2024 observed by JUICE/RADEM, using the four resulting
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channels described in Sect. 3, with effective energies of 6.9 MeV
(blue line), 13.3 MeV (orange line), 21.6 MeV (green line), and
31.2 MeV (red line). The data correspond to particles coming
from the anti-Sun direction, as discussed above, with a reso-
lution of five minutes. The observed profiles show a relatively
fast rise of energetic protons after the solar flare peak time that
reaches energies of at least 31 MeV. The magnetometer on board
JUICE was not measuring at that time; hence, it is not possible to
confirm the concurrent presence of a magnetic ejecta at JUICE’s
location. Nevertheless, the spacecraft’s proximity to STEREO-
A enables us to assume that JUICE was embedded at the onset
time of the 13 May SEP event in the same two interacting and
merged structures indicated in Fig. 3b by the golden and aqua
shaded areas.

These structures were time-shifted to JUICE, assuming aver-
age propagation speeds of 820 km s−1 and 710 km s−1, respec-
tively, based on PLASTIC data, which are also marked in Fig. 3c
with similar colour shading. The presence of a magnetic ejecta
may affect the profile of energetic protons observed by RADEM,
leading to a depletion in particle flux that coincides with the cen-
tre of the structure indicated by the aqua shading, as previously
observed by STEREO-A. We have also time-shifted to JUICE
the small magnetic ejecta observed at STEREO-A during 15
May (salmon-shaded region), that is, towards the decay phase
of the SEP event, using an average speed of 680 km s−1 based
again on PLASTIC data.

RADEM also observed the previous SEP event on 11 May
2024 (not shown). However, this portion of the data cannot be
reconstructed straightforwardly due to both the single coinci-
dence mode of the PDH, which makes the sensors sensitive to
penetrating particles above 70 MeV, and the large fluxes of high-
energy particles related to the 11 May SEP event.

5.2. Solar energetic particle pitch-angle distributions

In this section, we study the PAD of STEREO-A and Wind, both
of which provide energetic particle anisotropy information. Due
to the different pointing directions of STEREO-A and SOHO
compared to JUICE, it is necessary to analyse the PADs to iden-
tify periods of isotropy for meaningful comparison of particle
fluxes. We used the 16 viewing directions of the LET instru-
ment on board STEREO-A. It is important to note that the pitch-
angle coverage provided by STEREO-A/LET is influenced by
the alignment between the magnetic field and the instrument’s
viewing geometry. In contrast, the Wind spacecraft is spin-
stabilised, with the spin axis perpendicular to the ecliptic plane
and equipped with a wide-field telescope. This enables the 3DP
instrument to sample a broader portion of the sky, allowing for
a more comprehensive reconstruction of the three-dimensional
particle distribution.

5.2.1. Solar energetic particle pitch-angle distributions: Earth

Figure 4(a) shows the PAD of protons measured by Wind/3DP
at 4 MeV. Panel (i) shows the intensities observed by each
pitch-angle bin, while panel (ii) shows the pitch-angle cover-
age of each of the eight publicly available pitch-angle bins of
the instrument. Panel (iii) presents the PAD with colour-coded
intensities and panel (iv) indicates the first-order anisotropy, in
the range of [−3, 3] (e.g. Dresing et al. 2014) and the second-
order anisotropy. We note that periods are considered isotropic
when the first and second-order anisotropy is low, .|1|. This
panel shows that the early phase of the ∼3.1–5.7 MeV pro-

ton event is anisotropic for more than twelve hours, showing
also a strong bidirectional component. From the onset of the
SEP event, shortly after the soft-X ray peak of the flare indi-
cated with the vertical line, and until 06:00 UT on 14 May,
we observe higher fluxes in the bins measuring particles com-
ing from the Sun (panel (i)). These correspond to pitch angles
near 180◦ (panel (ii)), consistent with the local negative mag-
netic polarity shown in Fig. 3a. Starting around midday on 13
May and lasting for approximately twelve hours, we observe
a bidirectional flow along the magnetic field (pitch angles of
0◦ and 180◦) with a depletion in intensity around pitch angles
of 90◦. This feature is characterised by the large second-order
anisotropy (panel iii) and is consistent with the presence of a
magnetic ejecta, as discussed in Sect. 5.1.1. After this period,
the first-order anisotropy becomes positive, consistent with the
sunward-looking bins observing higher fluxes of particles with
pitch angles near 0◦. During the decay phase of the SEP event,
from 15 to 16 May the flux becomes isotropic; namely, the first-
order anisotropy is ∼0. We indicate in Fig. 4a the period selected
for the intercalibration analysis with the grey shading. This is
further discussed below.

5.2.2. Solar energetic particle pitch-angle distributions:
STEREO-A

Panel b of Fig. 4 displays proton intensities in the 6–10 MeV
range as measured by STEREO-A/LET across its 16 sectors,
with eight forward-facing sectors represented in shades of red
and eight rear-facing sectors shown in shades of blue. LET
measured an 18-hour anisotropic period starting shortly after
12:00 UT on 13 May, where most of the particles are observed in
the sunward-facing sectors. The vertical line indicates the soft-x
ray flare peak time. The pitch-angle coverage is not good during
the SEP onset period, only covering 60−120◦ as shown in panel
(ii), which presents the pitch-angles of the sector centres. During
the decay phase of the SEP event, from 15 to 17 May, the flux
becomes isotropic. We selected the period 12:00 UT to 18:00 UT
on 15 May, as the time with the lowest first-order anisotropy
value, marked by the grey shading in the figure, for use in the
intercalibration analysis, as discussed in Sect. 5.4. We note that,
in selecting the grey-shaded area, we intentionally excluded the
period from 18:00 UT on 15 May to 02:00 UT on 16 May. This
was because, even though the anisotropy remains very low, the
pitch-angle coverage changes, as shown in panel (ii).

5.3. Comparison between JUICE, STEREO-A, and
near-Earth measurements

Figure 5 shows the time profiles for each of the four effective
energies, namely 6.9, 13.3, 21.6, and 31.2 MeV measured by
JUICE (magenta) and the correspondent channels at STEREO-A
(red) and near-Earth (green), as shown in the legend. STEREO-A
presents the most prompt increase in the signal of protons reach-
ing the peak intensity shortly after the SEP event onset. We note
that the presence of the magnetic ejecta, indicated by the aqua-
shaded area marking its arrival at STEREO-A, modulated the
particle profile, causing rapid decreases and increases in their
fluxes, as discussed in Sect. 5.1.2. The JUICE spacecraft also
measures similar peak proton fluxes but with a slower increase,
probably related to the anti-Sun–spacecraft-line pointing of the
instrument. Wind and SOHO show a slower increase and lower
peak intensities that might be related to their worse magnetic
connectivity as discussed in Sect. 2.
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Fig. 4. Pitch-angle distributions of protons recorded by Wind/3DP at 4 MeV (panel a) and STEREO-A/LET at 6 MeV (panel b). The panels
include: (i) the measured intensities within each instrument’s field of view; (ii) the pitch-angle coverage, displayed for the eight angular bins of
Wind/3DP (a) and the central angles of 16 STEREO-A/LET sectors (b), with front-facing sectors shown in red hues and rear-facing in blue hues;
(iii) a colour-coded representation of the pitch-angle intensity distribution; and (iv) first-order anisotropy values, ranging from −3 to 3, following
the approach of Dresing et al. (2014). A vertical line marks the timing of the soft X-ray flare peak (approximately 09:44 UT), which is linked to
the associated SEP event. Details given in the main text.

The main difference in the flux of particles between
STEREO-A/LET and HET, and JUICE/RADEM, as measured
by the four proton channels of Fig. 5, occurs during the SEP
onset, namely between the flare peak time indicated with the
dashed vertical line and middle of day 14 May 2024. This dis-
parity might be partly related to the difference in the field of
view, as the period mentioned above is anisotropic as discussed
in Sect. 5.2. We note again that JUICE/RADEM is looking away
from the Sun in the radial direction, while STEREO-A/LET
fluxes are summed along the 16 sectors and STEREO-A/HET
HET is viewing along the nominal Parker spiral.

We also show in the first panel of Fig. 5 the fluxes mea-
sured by STEREO-A/LET (gray line) only in sector B7, namely
looking against the direction of the Sun, with a field of view

of 25◦, similar to the JUICE/RADEM field of view. We note
that this STEREO-A/LET sectored data set is only available
for the ∼7.7 MeV proton energy channel. In Appendix B we
explain the reason behind the data gap shown in the B7 sec-
tored data. We observed a dissimilarity in the fluxes measured
by JUICE (magenta line) in comparison to STEREO-A/LET/B7
(grey line). Although this could be related to not being exactly
observing the same field of view, the fact that the internal struc-
tures of the magnetic ejecta pass by STEREO-A and JUICE at
different times (potentially modulating the particle profile differ-
ently) could be an important factor.

With a lower impact, the difference in radial distance
between STEREO-A and JUICE (0.13 au) might be also affect-
ing the measured fluxes of particles. As demonstrated, for
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example, by Lario et al. (2006) and Rodríguez-García et al.
(2023), SEP intensities tend to depend on heliocentric dis-
tance. To evaluate this effect on the difference in the flux
measured by JUICE, we applied a radial scaling in the
fluxes. Figure 5 shows the JUICE intensity values, corrected
(Icorr) for radial distance, as indicated by the purple-shaded
curve. We scaled it to the location of STEREO-A, with
corrected peak intensities calculated as a radial dependence
of Rαrad as detailed by Lario et al. (2006), namely αrad =
log(Iobserved/Icorrected)/log(Robserved/Rcorrected), where αrad = a ± b,
and a = 2.14, b = 0.26 for 4–13 MeV protons, and a = 1.97,
b = 0.27 for 27–37 MeV protons, which are based on the radial
distributions obtained by Lario et al. (2006). As illustrated in the
figure, the radial correction is small compared to the differences
between the STEREO-A and JUICE intensities.

In Fig. 5, we use the grey hatched area to show the isotropic
period described in Sect. 5.2. This period partially coincides
with a magnetic ejecta structure arriving at STEREO-A, indi-
cated with the salmon shading, which apparently did not influ-
ence the isotropisation of the proton fluxes. The three locations
(near-Earth assets, STEREO-A, and JUICE) exhibit very similar
proton temporal profiles, as the particles may be uniformly dis-
tributed in longitude and radial distance within the heliosphere
due to the reservoir effect, with comparable intensities observed
between the distant spacecraft (McKibben 1972; Roelof et al.
1992; Lario 2010).

5.4. Energy proton spectra and intercalibration analysis

To perform a cross-calibration of the energetic particle instru-
ments on board the JUICE and STEREO-A spacecraft, we
determined the proton spectra, as observed by STEREO-A dur-
ing the isotropic period. This interval spans from 12:00 UT to
18:00 UT on 15 May 2024, as indicated by the grey shading
in Figs. 4 and 5 (hatched). We used the omnidirectional data
from STEREO-A/LET and HET (Sun-directed) and following
the method described by Dresing et al. (2020) and Strauss et al.
(2020) we fit the spectrum using orthogonal distance regression
(ODR; Boggs & Rogers 1989) provided by the SciPy Python
package (Virtanen et al. 2020). We note that in contrast to the
approach of Dresing et al. (2020) and Strauss et al. (2020), here
we used the errors of the fit parameters as returned by ODR,
which represent the standard deviations of the estimated param-
eters. We found a broken power law to best describe the data
represented by

I(E) = I0

(
E
E0

)δ1
(

Eα + Eα
b

Eα
0 + Eα

b

) δ2−δ1
α

. (1)

This model yields a spectral transition at the energy Eb, where
δ1 and δ2 are the spectral indices at energies below and above
Eb. The parameter α describes the sharpness of the spectral tran-
sition and E0 is a reference energy at 0.1 MeV. The results are
shown in Fig. 6, where STEREO-A/LET and HET are shown
with the reddish points. The spectral index below (above) the
spectral transition is δ1 = −2.26±0.05 (δ2 = −6.46±1.92), where
the spectral break and transition energy is Eb = 33.9 ± 8.2 MeV.
We note the high uncertainty in the second spectral index. Mod-
ifying the time period chosen for the accumulated spectrum (not
shown) alters the spectral transition energy, potentially influ-
encing the intercalibration factor for the fourth JUICE energy
channel.

We also show in Fig. 6 the accumulated spectrum as mea-
sured by SOHO/ERNE (black points). We note that five out
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Fig. 5. In situ SEP time profiles by Wind/3DP (omni) or SOHO/ERNE
(sun) in green, STEREO-A/LET (omni) or HET (sun) in red, and
JUICE/RADEM (anti-sun) in magenta for four different proton ener-
gies: (i) ∼6.9 MeV, (ii) ∼13.3, (iii) ∼21.6 MeV, and (iv) ∼31.2 MeV. The
value of JUICE Icorr was estimated applying a radial scaling in the fluxes
to STEREO-A location. The orange dashed line in the four panels indi-
cates the flare peak time, while the various shadings mark the magnetic
ejecta present at the location of STEREO-A, discussed in Sect. 5.1.2,
and the gray hatched area the isotropic period, discussed in Sect. 5.2.
Further details are given in the main text.

of seven points almost perfectly agree with the fit based on
STEREO-A data. For the determination of an intercalibra-
tion factor for JUICE/RADEM, we used the spectral fit from
STEREO-A as the reference for the particle environment mea-
sured by JUICE and estimated the ratios in the proton flux mea-
sured by JUICE (magenta points) compared to the fit. We did not
apply any radial or longitudinal scaling for the spacecraft mea-
surements based on the reservoir effect discussed in Sect. 5.3.
Table 2 shows the derived intercalibration factors of each of
the effective energy channels of JUICE/RADEM. The proton
fluxes measured at the effective energies of 6.9, 13.3, 21.6, and
31.2 MeV by the radiation monitor onboard JUICE agree with
the STEREO-A measurements, with a deviation of less than
25%. We note that the smallest intercalibration factors, specif-
ically 1.02 and 0.95, were obtained for the first (6.9 MeV) and
last (31.2 MeV) channel, respectively, for which the quality of
the data reconstruction is better (as described in Sect. 3).

6. Summary and discussion

JUICE was launched in April 2023, and it is now in its cruise
phase to Jupiter, where it is scheduled to arrive in July 2031.
JUICE carries RADEM, a radiation monitor that operates contin-
uously to measure protons, electrons, and ions, pointing mainly
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Fig. 6. Proton-accumulated spectra measured by STEREO-A (red),
SOHO/ERNE (black), and JUICE/RADEM (magenta). The legend
shows the fit values using STEREO-A data: the spectral index (δ1, δ2)
observed in between the spectral transition: Eb; and α, which determines
the sharpness of the break (Strauss et al. 2020). Details are given in the
main text.

in the anti-Sun–spacecraft direction. One of its instruments, the
PDH is an eight-sensor silicon stack detector with a field of view
of 20◦, configured from September 2023 to July 2024 in a single-
coincidence mode (i.e. each sensor was working independently).
After linearly combining the bins and applying a bow-tie method
(described in Sect. 3), we derived four differential channels with
effective energies of 6.9, 13.3, 21.6, and 31.2 MeV. These are
summarised in Table 1.

Over the month of May 2024, AR 13664 produced a series of
CMEs and associated SEP events. This period is the one related
to the intense geomagnetic storm discussed a number of authors,
including Hajra et al. (2024), Liu et al. (2024), Hayakawa et al.
(2025), and Weiler et al. (2025). On 13 May 2024, a large SEP
event took place in association with an eruption close to the
western limb of the Sun as seen from Earth (Fig. 2). Several
spacecraft in the heliosphere observed the SEP event, includ-
ing JUICE, STEREO-A, near-Earth spacecraft (Wind, ACE,
SOHO), PSP, and Solar Orbiter, as shown in the proton flux pro-
files in Fig. 1b. Providentially, at that time JUICE was located
very close to STEREO-A, with a difference of 0.13 au in radial
distance, 0.3◦ in latitude, and 1.6◦ in longitude, as shown in
Fig. 1a. Therefore, in this study, we have aimed to characterise
JUICE observations and perform a cross-calibration of the ener-
getic particle instruments aboard the JUICE and STEREO-A
spacecraft.

For this purpose, we focussed our analysis on spacecraft
located near 1 au, namely JUICE, STEREO-A, and near-Earth
assets, all of which were well connected to the parent solar
source. This is shown in Fig. 1a, using the nominal Parker spi-
rals. To evaluate the IP context through which SEPs acceler-
ated by the 13 May eruption were spread, we examined the
particle data from the three locations of interest, along with
the magnetic field and plasma measurements near Earth and at

Table 2. Intercalibration factors between STEREO-A and JUICE.

JUICE Eff (range, MeV) Intensity ratio (STA/JUICE)

6.9 (5.35–14.35) 1.02
13.3 (8.75–22.75) 1.23
21.6 (14.50–37.37) 1.12
31.2 (22.80–36.60) 0.95

STEREO-A (Fig. 3). At the time of the SEP event, STEREO-
A was embedded in a magnetic ejecta, which was likely also
present at JUICE’s location, since the magnetometer on JUICE
was not operating to confirm this.

We studied the proton anisotropies measured by Wind and
STEREO-A. We found anisotropic periods lasting a few hours
during the SEP onset, which evolved into an isotropic period
during the decay phase of the event, as shown in Fig. 4.
We selected the period from 12:00 UT to 18:00 UT 15 May
as the interval with the lowest first-order anisotropy at the
location of STEREO-A, indicated by the gray shading in
Fig. 4.

In Fig. 5, we compare the proton flux observations of the
three selected spacecraft for similar energies to the four effec-
tive channels of JUICE. We observed dissimilarities at the onset
of the SEP event due to several factors: the different fields of
view of the spacecraft, the local magnetic ejecta, and, to a lesser
extent, the varying radial distances. However, during the period
indicated by the grey hatched area in Fig. 5, corresponding to
the selected isotropic period, the three spacecraft exhibit similar
proton fluxes.

We therefore considered the isotropic period during the
decay phase of the SEP event to compute the accumulated pro-
ton spectrum for the three spacecraft. We note that the selection
of this isotropic period for comparison with JUICE is particu-
larly important, as RADEM primarily observes particles com-
ing from the anti-Sun direction. We fit the STEREO-A spectra
with a double power law, as shown in Fig. 6. The results of the
fit showed no significant variation within the sub-periods of the
selected period (not shown), except for the second spectral index,
which exhibited larger uncertainty. The different channels of the
near-Earth proton spectra agreed closely with the STEREO-A
fit.

We considered STEREO-A spectral fit as the particle envi-
ronment measured by JUICE and estimated the differences in
the proton flux measured by JUICE in comparison with the fit.
Based on the results shown in Fig. 6 and summarised in Table 2,
the proton fluxes measured at the effective energies of 6.9, 13.3,
21.6, and 31.2 MeV by the radiation monitor onboard JUICE are
in agreement (with a deviation of less than 25%) with respect to
STEREO-A measurements.

We note that the results obtained in this study are valid
only for RADEM data collected before 10 July 2024, when
the instrument’s configuration was changed. We also note that
the method used here for the intensity comparison carries some
uncertainties. While this method finds a unique value of G · dE
to reconstruct the RADEM flux independently of the spec-
tral index, the response of each channel still depends on it.
Therefore, the quality of the RADEM intensity reconstruction
is influenced by the spectral shape at each moment in time.
In a future work, we will examine other SEP events with dif-
ferent particle spectral shapes to compare the intercalibration
results.
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7. Conclusions

This work illustrates that the RADEM instrument on board
JUICE is a valuable tool for measuring SEP events in the
heliosphere, providing an excellent opportunity to study and
characterise the energetic particle environment in the solar
wind between 0.65 and 5.2 au. The proton fluxes measured
at the effective energies of 6.9, 13.3, 21.6, and 31.2 MeV by
RADEM are in agreement, with a deviation less than 25%, with
STEREO-A measurements. The intercalibration factors between
STEREO-A and JUICE are 1.02, 1.23, 1.12, and 0.95, respec-
tively. We note that this result is valid only for RADEM data
collected before 10 July 2024.
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Appendix A: ENLIL simulation

ENLIL is a three-dimensional, time-dependent magnetohydrodynamic (MHD) model designed to simulate the heliospheric environ-
ment beyond 21.5 solar radii. A detailed description of the model can be found in Appendix A by Rodríguez-García et al. (2025).
The state of the heliosphere and interactions with interplanetary structures present at the time of the SEP event can significantly
affect spacecraft magnetic connectivity. To account for these influences, the ENLIL simulation was run from 8 to 18 May, covering
five days before and after the event. This period includes earlier CMEs that could affect particle propagation and tracks the evolution
of ICMEs through the interplanetary medium out to 2.1 au. The 3D parameters for seven relevant CMEs occurring between 8 and
13 May were taken from Liu et al. (2024) for use in the simulation. The parameters for the CME and model setup, along with the
simulation results, can be accessed on the Community Coordinated Modeling Center (CCMC) website.1.

Appendix B: STEREO-A threshold mode

The 13 May 2024 SEP event was large enough that STEREO-A/LET went into dynamic threshold mode. It means that the B7
sectored data for protons and He (as that is one of the detectors affected) was not available during mode 2 (Mewaldt et al. 2008).
Mode 2 was on from 13 May 2024 at 20:14 UT to 14 May at 03:58 UT, as shown in the data gap in panel (i), grey line, in Fig. 5. To
estimate the flux measured by STEREO-A/LET/B7 sectored data during the gap, we followed the approximation method explain
below. We used the CNO energy sectored rates that were available and took a ratio between the averaged sectors B3 and B4 to sector
B7, as CNO should not be affected by the dynamic thresholds. Then, we used this ratio to scale the H averaged sectors B3 and B4
data to get an approximation of what sector B7 should be measuring during this time. We note that we assumed that CNO has the
same anisotropy that H has and that the composition did not change during this time period. Figure B.1 presents the result of this
assumption, showing that the CNO proxy follows the trend of the gray line representing the B7 sector.
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Fig. B.1. In situ proton time profiles by Wind/3DP (omni) in green, STEREO-A/LET (omni) in red, STEREO-A/LET–B7 sector in grey, STEREO-
A/LET CNO proxy in blue blue, and JUICE/RADEM (anti-Sun) in magenta for ∼6.9 MeV. Shading and lines are shown as in Fig. 5.

1 https://ccmc.gsfc.nasa.gov/results/viewrun.php?domain=SH&runnumber=Laura_Rodriguez-Garcia_092424_SH_1
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