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Abstract—The effects of the space radiation on spacecraft materials and devices are significant design
considerations for space missions. In order to meet these challenges, the radiation environment must be
understood. Measuring energetic particles in the radiation belts is therefore crucial, and this is why ICARE
(Influence sur les Composants Avancés des Radiations de I’Espace) radiation monitors have been devel-
oped over several decades. Two ICARE_NG? (for the second version of the New Generation of the instru-
ment) radiation monitors have recently been launched on HotBird 13F and 13G satellites at the end of
2022, reaching the geostationary orbit in 2023 and providing measurements of electrons of the outer belt.
The methods used to derive these electron fluxes are detailed and the results compared with NGRM (Next
Generation Radiation Monitor) and specification models. The observed electron dynamics are strongly
correlated with solar wind data, and a fully analytical model is developed. This model provides an accurate
representation of the measurements, using a limited number of parameters.
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1 Introduction

The Earth’s radiation belts, also known as the Van Allen
belts, are zones of charged particles trapped by Earth’s magnetic
field (Van Allen & Frank, 1959). They were discovered in 1958
and are located in the inner magnetosphere, the region around
Earth dominated by its magnetic field. The radiation belts are
formed by the capture of charged particles (essentially electrons
and protons) that likely originate from the solar wind and can
also result from cosmic rays interacting with the atmosphere.
The particles spiral along magnetic field lines and bounce
between the poles of the Earth, creating a toroidal (doughnut-
shaped) structure. The intensity and distribution of these belts
can fluctuate due to solar activity, such as solar events, high-
speed solar wind streams, and coronal mass ejections. This
paper focuses on the outer radiation belt, populated mainly by
low- and high-energy electrons.

As our understanding of the behavior and dynamics of the
radiation belts is not complete, it is essential to accumulate
in-situ observations. To achieve this, many space missions have
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been equipped with radiation monitors, i.e. instruments targeted
to measure the energetic particles of the space environment.
ICARE is an SSD-based (Solid State Detector) radiation moni-
tor developed for several decades by CNES, ONERA, and
EREMS. Like most existing radiation monitors, ICARE
samples the energies deposited in a sensitive volume corre-
sponding to lightly doped and inversely-polarized semiconduc-
tors (silicon). When a particle passes through the corresponding
sensitive volume, energy is lost, creating electron-hole pairs that
migrate to the electrodes. The associated signal is then amplified
with a charge amplifier and shaped with a pulse shaper. The
deposited energy is then stored using an FPGA that arranges
the collected energy in a histogram. ICARE is now in its third
version, called ICARE_NGZ, whose main characteristic is to
extend the previous performance concerning the measurement
of low-energy protons (to measure protons of a few MeV).

In the early part of its history, ICARE was only imple-
mented on LEO (Low Earth Orbit) missions (Boscher et al.,
2011, 2014a). More recently, flight opportunities have made it
possible to use the instrument for electric orbit raising (EOR)
missions (Caron et al.,, 2022, 2024). The Hotbird 13G
(HB13G) and Hotbird 13F (HB13F) missions are part of a
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series of communications satellites operated by Eutelsat to
enhance broadcast and telecommunications services. These
satellites are part of the Hotbird constellation, which operates
at the 13° East geostationary orbital position. Both satellites
were launched by SpaceX aboard Falcon 9 rockets at the end
of 2022 (October and November respectively). The first phase
of both missions was to reach geostationary orbit (GEO) using
electric propulsion. Electric orbit raising is a technique used to
increase the altitude of a spacecraft’s orbit using electric propul-
sion systems. During this phase of the missions, the spacecraft-
spends significant time within both inner and outer radiation
belts, increasing the exposure to radiation. Several undesirable
effects can occur when satellites cross the radiation belts, such
as Single Event Effects (Caron et al., 2018, 2019) and Dose
Effects (Messenger et al., 2014). One of the main concerns of
the radiative environment on EOR satellites is the degradation
of solar cells due to the proton-induced non-ionizing dose.
The last phase of the missions (starting from March 2023 for
HBI13F and April 2023 for HB13G) corresponds to their oper-
ational orbit, i.e. the GEO, which will be analyzed in this paper.
At this altitude, the proton environment is reduced compared to
lower orbits (LEO for instance). Indeed, the outer radiation belt
is essentially composed of electrons. Contrary to the EOR
phase, electron-induced charge effects are one of the most
crucial issues in GEO (Matéo-Vélez et al., 2018). For instance,
relativistic electrons can penetrate satellite shielding, resulting in
internal charging and electrostatic discharges (ESDs). This can
exceed the susceptibility limits of electronic systems to electro-
magnetic compatibility (EMC) issues, potentially causing
sporadic functional losses.

The design and functioning of the instruments will be
described in the following sections, along with the calculations
used to extract the electron fluxes. The measurements thus
obtained will be compared with observations from another
instrument, NGRM (Next Generation Radiation Monitor)
aboard EDRS-C (Sandberg et al., 2022). Finally, a fully analyt-
ical model describing the daily dynamics of electron fluxes will
be presented.

2 ICARE_NG? instruments

As for all previous versions, ICARE_NG2 is composed of
three detection heads whose geometries are designed to opti-
mize specific sensitivities. The same detector heads were
selected for both HB missions:

— PE1 for Proton Electron measurements with one SSD
(silicon detector, 700 um thick).

— PE2 for Proton Electron measurements with two SSDs
(silicon detectors, 500 um thick).

— P2LE for Proton Low Energy measurements with two
SSDs (silicon detectors, 300 pm and 700 pum thick).

PE1 and PE2 detection heads typically measure protons in the
tens of MeV to hundreds of MeV range, and electrons in the
hundreds of keV to MeV range. P2LE allows the measurement
of protons of a few MeV. In addition, ICARE_NG2 proposes
three acquisition modes, depending on the number of SSD in
the detection head:

— Single mode: deposited energy sampling is done only on
one SSD, without considering the other SSDs.

— Anticoincidence mode: deposited energy sampling is per-
formed on a single SSD, but only if there is no interaction
with another SSD.

— Coincidence mode: deposited energy sampling is per-
formed on one or more SSDs, but only if the incident par-
ticle has crossed all the SSDs concerned.

As the PE1 head consists of a single SSD, only the single mode
is available. In contrast, PE2 and P2LE heads consist of two
SSDs. Consequently, the anticoincidence and coincidence
modes are then available, associated with different measurement
results. The field of view of the detection heads varies according
to acquisition mode, from 50° to 120°. Figure la shows the
ICARE_NG? flight model currently flying on HB13F. The three
heads are aligned on one side of the instrument’s electronics
box. The largest detection head on the left is the P2LE, while
PEI and PE2 are in the center and on the right respectively.

Various ranges of deposited energy were quantified during
ground calibrations (Caron et al., 2024):

— PE1: 300 keV to 6.3 MeV.
— PE2: 420 keV to 8.8 MeV.
— P2LE: 360 keV to 11.7 MeV.

The upper limits are directly driven by SSD thicknesses while
the lower limits are driven by instrumental noise levels mea-
sured during ground calibrations. In addition, the gain of the
charge amplifier also drives this energy range. However, in
GEQO, the instrument operates at relatively high temperatures
(50 °C or higher), resulting in increased noise levels. For
instance, at such temperatures, the lower limit for deposited
energy in the PE2 detection head is about 600 keV.

For modeling the sensitivity of the different detection heads,
their response functions have been simulated using GEANT4
(v10.3 patch 01). GEANT4 (Agostinelli et al., 2003; Allison
et al., 20006) is a toolkit for the simulation of the passage of par-
ticles through matter. For both missions, the geometries of the
satellites were provided by ADS (Airbus Defense and Space)
in a degraded representation. The geometry of the satellite has
been simplified into a sector-shielding analysis (ray-tracing).
This approach produces distributions of shielding thickness as
viewed from the center of the three detection heads as a function
of direction from these locations. Incident particles were
launched in all directions from any point outside the spacecraft
(assuming isotropic fluxes), with different energies. All the
deposited energies in the SSDs are then recorded. The geometric
factors are calculated according to equation (1) (Sullivan, 1971)

(1)

where R is the radius of the source of particles, Nge, and Ny,
are respectively the number of particles detected in the SSD(s)
and the total number of particles launched from the source.
Figure 1b presents the Electron Response Function (ERF) of
the PE2 for the anticoincidence acquisition mode. The inserted
image corresponds to cross-sections of the ERF, showing geo-
metric factors associated with specific channels (equivalent to
a given deposited energy). In our case, these channels are the
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Figure 1. (a) The ICARE_NG? flight model for HB13F with the sensors on the left of the instrument and the electronic box on the right. (b)
Electron response function of the PE2 detection head aboard HB13F in anticoincidence mode. The inserted image corresponds to cross-sections
of the response function, showing geometric factors as a function of incident energy. These geometric factors correspond to those actually used

for count-flux conversions, as described in the next section.

first ten usable channels, located above the instrument noise.
Combined with the outputs of the instrument, it is then possible
to deduce electron fluxes. The following section explains the
process we used to do this.

3 Inversion methods

The instrument returns a histogram (counts) of the energies
deposited in the SSDs. The relation between these counts and
the associated particle fluxes is given by the Fredholm integral
equation of the first kind

C= [ funle)- RF(®) - dE. @)

Thus, based on the histogram of deposited energies, we want to
reconstruct the corresponding particle fluxes as a function of
incident energies. An inversion is consequently needed but this
equation is a typical example of an ill-posed problem. There-
fore, its solution is not guaranteed to be unique, nor a continu-
ous function of the counts C. To calculate an approximate
solution, two methods are detailed in the next part of this paper.

Both proposed inversion methods require a virtual electron
flux database. Several sources can be used to create this
database:

e Specification models.
e Analytical functions.
e Fluxes observed by other instruments.

To ensure a wide variety of potential flux shapes, the database
we have built is based on all the points mentioned above.
There are several specification models to describe particle
fluxes in the Earth’s radiation belts. The most commonly used
are AP8/AE8 (Sawyer & Vette, 1976; Vette, 1991) and APY/
AE9 (O’Brien et al., 2018) which provide an estimated of
fluxes, everywhere in the radiation belts. Some models are also
dedicated to certain regions as OPAL (Boscher et al., 2014b)
and IGE (Sicard et al., 2019) and/or under specific conditions.
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Figure 2. Omnidirectional differential fluxes of electrons (FEDO) as
a function of incident electron energy. One thousand randomly
selected spectra in our database. The solid black curve is the median
of the distribution, and the dashed gray curves above and below are
the 90th and 10th percentiles, respectively.

In addition, the GREEN model (Sicard et al., 2019) combines
AEX/APX and region-specific models to improve flux predic-
tions. To build our electron flux database, AE8, AE9, and
GREEN models were used. In addition, several spectra were
randomly extracted from the electron fluxes measured on the
EDRS-C mission. Finally, the exponential cut-off power law
analytical function was selected (Aminalragia-Giamini et al.,
2018) to complete the database

f(E) = aE’e* (3)

where a relates the intensity of the spectrum and b and c relate
the power law and the exponential contribution. This function
provides a means to combine spectra that have been well-
identified in the literature. Parameter ranges of equation (3)
are chosen to cover and extend the envelope of fluxes already
defined. An extraction of the total database is shown Figure 2.
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Figure 3. (a) Binned Bowtie representation of channel 10 of the PE2 detection head aboard HB13F using (4). The colorscale corresponds to
the contribution of the database measurements used in relation to the grid’s (Gy, Et) pairs. (b) Binned error map (based on the 75th of the error
distribution) representation of channel 10 of the PE2 detection head aboard HB13F using (4). The color scale corresponds to the error

evaluation.

3.1 Minimization by sensitivity analysis

In the context of mission preparation, sensitivity analysis,
also known as Bowtie method (Boudouridis et al., 2020), of
usable channels or groups of channels of a radiation monitor
is a very good way to estimate instrument performance. Equa-
tions (4) and (5) provide the link between geometric factor
(Gy and GdE for integrated and differential factors respectively)
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Figure 4. Conversion parameters extracted from the matrix shown
in Figure 3b, combined with a 15% error tolerance. Green squares are
/0 Jarr(E) - RF(E) - dE directly extracted from the matrix, the blue dashed line corresponds
GdE = (5) to the median y-values and the black line corresponds to the optimal

Jaier (Eerr)

From these relations and our virtual electron fluxes database, it
is possible to construct matrices, binned as (Gy, Et) and (GdE,
E.sr), to determine the best conversion parameter pairs. Figure 3a
is the traditional representation of the Bowtie method. Figure 3b
is an equivalent representation but the error for each pair of
parameters is calculated. The procedure to generate such a
matrix is as follows:

e Channel or group of channels are selected.

e Virtual fluxes are injected into equation (2) to obtain vir-
tual counts.

e Each pair of conversion parameters is used with the
selected channel or group of channels to estimate the cor-
responding flux.

e The error between the estimated flux and the expected
flux is calculated.

line (keeping only the minimal error for each energy). The red zone
corresponds to non-physical sensitivity.

The error then calculated is for each sample of the database.
Consequently, it is therefore possible to build up an error distri-
bution for the whole database. In this way, a matrix M, of
dimension m X n X p is constructed where m and n are the
number of bins used to build the conversion parameters using
(4) or (5) and p is the number of samples in the database.
Figure 3b corresponds to M., using the 75th percentile of the
error distribution in the case of channel 10 of PE2 aboard
HBI13F.

Optimal conversion parameters can then be extracted either
by taking a unique pair that minimizes the error or by setting a
tolerated error threshold. Figure 4 presents the results extracted
from the matrix displayed in Figure 3b, with a maximum error
tolerance of 15%.
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Figure 5. (a) Electron integral fluxes as a function of incident electron energy. Comparison of the two inversion methods described in the
paper. The black curve corresponds to the full minimization method while the green dots with error bars correspond to the sensitivity analysis
method. The calculated fluxes correspond to the day of 2023-04-01 observed by HotBird missions. In the case of inversion by sensitivity
analysis, some energies are covered by different channels, which explains the overlap of some error bars. The red zones correspond to energies
that have no influence, or very limited influence, on the instrument’s measurements. (b) Count rates observed (black full line) and reconstructed

(red dashed line) during the same day.

Such results can be misleading, as energies lower than the
monitor’s intrinsic sensitivity can be identified as parameters.
Indeed, channel 10 of the PE2 detection head aboard HB13F
corresponds to a deposited energy of ~700 keV. Of course,
no electron of less than 700 keV can deposit such energy. Con-
sequently, it is not possible to keep conversion parameters asso-
ciated with energies lower than those allowed by the selected
channel. Otherwise, this is equivalent to extrapolating the sensi-
tivity of a higher energy thanks to the database.

3.2 Complete minimization

The complete minimization method considers expected
shapes as written in equation (3) and can be written as equation

(©6)
ming Z (log (/Omfdiff(E,a,b,c) -RF(E) ~dE) — 10g(C)>2
(6)

where C is the real count of the instruments. This second
method is therefore totally independent of the first one since
the results of the Bowtie method are not used as addi-
tional constraints to the minimization. The three parameters
(a, b, c) are optimized to minimize the reconstruction error
of the counts observed by the instruments. The reconstruction
error is then calculated, providing a warning of any significant
deviation (typically when the average error is greater than
20%). Unlike the sensitivity analysis method, complete
minimization offers a straightforward way to quantify the
quality of the conversion performed. The validity domain of
the conversion is also verified by reducing the incident energy
window of the response functions. The influence of the lowest
and the highest incident energies on the count’s reconstruc-
tions are calculated in relation to a reconstruction performed
over the entire incident energy domain of the response
functions. As long as the reduction of the lowest and highest
incident energies does not modify the conversion error,
these energies are considered as non-relevant. This approach
reveals the area of incident energy involved in the
measurement.

4 Results and comparisons

4.1 Inversion methods comparison

A good way to validate the conversion of the instrument’s
measurements to fluxes is to use different inversion methods
and compare their results. While the minimization by sensitivity
analysis considered only virtual counts, the complete minimiza-
tion method uses real counts. The comparison of the two
approaches is therefore well justified. Figure 5a shows a com-
parison based on ICARE_NG” data averaged over April 1,
2024 day. Figure 5b shows the reconstruction performance of
the corresponding count rates.

Both methods are in excellent agreement. An average error
of less than 5% is obtained with the complete minimization on
the count reconstructions. The comparison was performed over
a wide time interval and no significant deviations were
observed. The main difficulty with the complete minimization
method is dealing with very low counts, where statistical fluctu-
ations are significant. Two simple solutions are then possible to
ensure the continuity of the results, averaging the counts over a
longer integration time or switching to the first inversion
method.

4.2 Comparison with EDRS-C/NGRM

NGRM is the second Space Weather instrument flying as
part of ESA’s Distributed Space Weather Sensor System
(D3S). One of the NGRM units was placed on the GEO Euro-
pean Data Relay System — C (EDRS-C) spacecraft (Sandberg
et al., 2022). The instrument provides electron differential
fluxes, also called FEDO (Omnidirectionnal Differential Elec-
tron Fluxes), and electron integral fluxes, also called FEIO
(Omnidirectionnal Integrated Electron Fluxes), re-calibrated
using electron flux measurements from Arase mission (Higashio
et al., 2018). The instrument measurements are available on
https://swe.ssa.esa.int/sparc-geo-ngrm-r170-federated. ~ Figures
6a and 6b compare electron fluxes measured by ICARE_NG?
and NGRM. Figure 6a proposes a time series comparison with
ICARE_NG” observations averaged every minute, as are
NGRM data. The selected energies are close enough from
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Figure 6. (a) Time series of electron fluxes measured by ICARE_NG? aboard HB13G and NGRM aboard EDRS-C. For each missions two
energies are considered: 600 keV and 1.2 MeV for NGRM and 650 keV and 1.3 MeV for ICARE_NG?. These energies have been chosen close
enough between the two instruments to be directly comparable. (b) Comparison of electron integral fluxes given by ICARE_NG? and NGRM
instruments as a function of incident electron energies. The same time slot as (a) is used and averaged for each available energy. The orange
solid line corresponds to the transformation of FEDO to FEIO provided by NGRM.
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Figure 7. Comparisons of I[CARE_NG? measurements with several
specification models: green full line, red full line, and gray dashed
line for AE9 mean, AE8 and IGE models respectively. In GEO, AE8
provides the same results at both minimum and maximum solar
activity. Lower and upper cases for IGE model are also indicated by
the gray area.

one instrument to the other to be comparable, and the associated
fluxes are expected to be very similar. Figure 6b shows the aver-
age electron flux for all the energies measured by the instru-
ments over the same time period.

Both instruments provide very similar observations, not
only in absolute values but also dynamically. As the outer belt
is particularly dynamic, and directly driven by the solar activity,
variations of several orders of magnitude can be observed for
the same incident energy. ICARE_NG2 measurements are sub-
stantially noisier than those of NGRM. This is due to the size of
the SSDs used, which have been optimized for the EOR phase
of the missions (for limiting saturation issues). The spectra pro-
vided by the two instruments are also in very good agreement

Flow speed
(km/s)

Hr O

o (=]
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. 12.5-
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Figure 8. Solar wind data used in the proposed model. The first plot
corresponds to the solar wind speed, the second one corresponds to
the magnetopause location using the Shue model, the third one
corresponds to the last term of g(f) and the last plot is the
observations of 600 keV electrons provided by EDRS-C/NGRM.
The first half of 2022 is presented.

(see Fig. 6b). As NGRM gives FEIO only up to 1.2 MeV,
FEDO have been integrated to obtain higher energies. The high-
est available energies (2.9, 3.4, and 4 MeV) are not presented
here, as the relevance of their integration results is no longer
truly representative.

4.3 Comparison with specification models

Another important comparison is to evaluate the specifica-
tion models commonly used for radiation qualification of space
missions. AES, AE9, and IGE will thus be compared with the
observations of the ICARE_NG2 instruments, as presented in
Figure 7. The aforementioned specification models provide flux
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Figure 9. Model predictions compared to EDRS-C/NGRM observations for three different electron energies: 180 keV (top panels),
600 keV (middle panels), and 1.3 MeV (bottom panels). (a) and (b) are periods used to optimize and validate the six parameters of the shape

function g(7).

estimates obtained essentially empirically, with a statistical
approach to several datasets. As these are long-term models,
several months (at least) of ICARE_NG? instrument measure-
ments should be averaged for comparison purposes.

AE8 and AE9 mean models provide very similar results in
the targeted energy range. However, IGE mean model offers
estimates that are a factor of 3—4 below those predicted by
the AE8 and AE9 mean models. ICARE_NG2 observations fall
between the three models, while being relatively close to the
IGE mean estimations. There is a factor of about 2 between
the observations and the estimations of AE8 and AE9 mean
models, whereas the distribution of the IGE model given by
the upper and lower cases fully integrates the measures. These
conclusions are in line with (Caron et al., 2022).

5 GEO model for daily electron fluxes

Using GEO observations (given by ICARE_NG?® and
NGRM instruments especially), we have developed a fully
analytical model in order to restituate the daily fluxes observed
by the instruments. In addition to specification models such as
IGE which provide long-term predictions, several models pro-
pose simplified approaches to describe electron dynamics in
GEO. Li et al. (2001) and Li (2004) have developed a 1D radial
diffusion equation using solar wind data to change the radial dif-
fusion rate. Katsavrias et al. (2021) have developed a multiple
regression model, using also solar wind data and providing an
analytical expression of the electron fluxes. Boynton et al.
(2015) and Landis et al. (2022) use Recurrent Neural Network
(RNN) based on Geostationary Operational Environmental
Satellite (GOES) measurements to train their models. The
advantage of our approach compared to existing models is that
a limited number of parameters are used while offering electron
energy dependency.

First, a shape function, g, is established including solar wind
velocity, the z-component of the interplanetary magnetic field
(IMF) in GSM coordinates, and the magnetopause standoff
distance, calculated with the Shue model (Shue et al., 1998).
The shape function is designed to align with the dynamics of

the fluxes, while an additional function, referred to as the
transformation function, 7, is required to map the shape func-
tion’s results into the flux domain, thereby yielding the adjusted
absolute values. The shape function is given by equation (7)

M\ /DSO\"
t = e . fr—
) =a <V> © (DSO)

VxBZ 2\ 73
: (1 + (VXBZ+| |> ) (7)
C3

the third term is based on Li et al. (2001) who suggest a
dependence of electron fluxes with the y-component of solar
wind electric field. Figure 8 presents all these ingredients dur-
ing the first half of 2022. The NGRM measurements for the
same period are also displayed to visually highlight the corre-
lations with electron fluxes.

¥ and DSO are the averaged values of the solar wind veloc-
ity and the magnetopause standoff distance respectively over the
considered period. The six parameters of the shape function g(7)
are optimized using a few months of observations (see Fig. 9a).
The predicted results were compared to the observations by
minimizing y*:

1 N

v = N Z (log(pred;) — log(obs;))>. (8)
No energy dependency was evident from the determination of
these parameters and a single set was thus obtained:
cL = 000065, Y1 = 2, Cy = 170, V2 = 015, C3 = 1, V3 = 2. In
the considered case (see Fig. 8), ¥ ~451 km/s and
DSO ~ 10.4 Re. It should be noted, however, that the mini-
mization of x> becomes increasingly poor as higher-energy elec-
trons are considered. Whereas at energies below 1 MeV, ;(2 is
less than 0.1, for higher energies (up to 4 MeV), it reaches
0.3. This is due to the formulation of g(#) which is driven exclu-
sively by solar wind parameters. Very high-energy electrons
come mainly from acceleration processes within the radiation
belts. These phenomena are not directly captured by the estab-
lished expression of g(7). However, it is initially the low-energy
electrons that are accelerated, and since our approach focuses on
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Figure 10. Plots of the various elements of the transformation function. (a) Relations between percentile distributions of g(f) and the
observations. The dashed lines are linear fits for each electron energy of the EDRS-C/NGRM instrument. (b) and (c) are the coefficients of the
linear fits as a function of the electron energies. The dashed blue lines are polynomial fits.
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Figure 11. Averaged electron fluxes estimations (red full lines) compared to EDRS-C/NGRM observations (black squares). As indicated on
the plots, four cases are considered: averaged over 3, 6, 12, and 24 months.

daily fluxes, the general trend is well retained by the model (see
Figs. 9a and 9b).

Transformation function 7(E) is needed to project the g(¢)
values into electron flux space. This function makes the link
between the percentile distributions of g(f) and the observed
electron fluxes. For each incident energy, the transformation
function is calculated to reveal energy dependency. Figure 10a
presents the relation between g(¢) and observations percentiles.
Figures 10b and 10c correspond to the extracted parameters
of the fitted lines in Figure 10a.

Polynomial fits are proposed in Figures 10b and 10c in order
to fully formalize an analytical writing of our expression. Equa-
tions (9) and (10) express these two terms

a(E) = —0.004998ES + 0.066651E5 — 0.342100E*
+0.835452E° — 0.935798E + 0.330853E
—0.568396 (9)

b(E) = —0.042552E° + 0.572172E° — 2.975429E*
+ 7AA4TTAE? — 8.847826E" + 4.414202E
— 6.372392 (10)

and finally, the complete expression is given by equation (11)

f(E,1) = g(t)"Pexp®lors), (11)
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The model developed provides very good reconstructions of
ICARE_NG” and NGRM daily observations. Good predictions
can then be expected over longer averaged timescales. Figure 11
presents four time periods where observations are averaged: 3,
6, 12, and 24 months. Average electron flux dynamics vary
slightly over the entire observed period, with a maximum factor
of 3, which is well reflected in the model.

It should be noted, however, that our approach does not take
the solar cycle into account. A dependence on the F10.7 index
or a cosine law, for instance, will have to be considered to
exploit our model over much longer time periods. This aspect
is not observable on the data used and is therefore not included
in the current development of the model.

6 Conclusions

Two ICARE_NG? radiation monitors are now in geostation-
ary orbit on the HB13F and HB13G missions. Both instruments
have the same detection heads and present identical observa-
tions. Measurements of electrons from 650 keV to 2 MeV in
GEO are now available and will be distributed on https://swe.
ssa.esa.int/icare-ng. Two inversion methods were presented,
and the limitations of each were discussed. The associated
results were compared, as well as with measurements from
the NGRM radiation monitor aboard the EDRS-C spacecraft.
Excellent agreement was observed, with no need for cross-
calibration. Due to the good performance observed and the
simplicity of use, the fluxes distributed on the ESA website
are derived using the Bowtie method. The use of observations
now available in GEO has also driven the development of an
analytical model providing daily electron fluxes as a function
of electron energies and solar wind data. Despite its simplicity,
the model can reproduce both the dynamics and intensities of
the electron fluxes. However, the dynamics of very high-energy
electrons (above 2 MeV) are not as well reproduced as for low-
energy electrons. In addition, the expected modulation of fluxes
by the solar cycle is not considered. These points may be the
aim of a dedicated study in the future.
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