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Despite notable improvements made in the last decades, the characterization of the near-Earth
proton radiation environment is still incomplete, with major uncertainties affecting the description
of high-energy particles (>50 MeV) in the South Atlantic Anomaly (SAA) region. The High-
Energy Particle Detector (HEPD) on board the China Seismo-Electromagnetic Satellite (CSES-
01), launched on February 2018 on a Low-Earth Orbit and with an altitude of about 507 km,
is a light and compact payload suitable for measuring electrons (3-100 MeV), protons (30-300
MeV), and light nuclei (up to a few hundreds of MeV) with a high energy resolution and a wide
angular acceptance. Thanks to its good identification performance, it can carry out precise and
comprehensive measurement of particle fluxes, including angular information. The observations
of HEPD could be fundamental not only for space weather purposes, but because they could help
set important constraints on trapping and interaction processes in the Earth’s atmosphere and
magnetosphere. Furthermore, they enable the testing and validation of current theoretical and
empirical models of the inner radiation belt, like the NASA AP9. In this contribution, we report a

preliminary analysis of >30 MeV protons detected inside the SAA region between 2018 and 2021.
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1. Introduction

The radiation belts, also known as Van Allen belts, are regions of the Earth’s magnetosphere
where energetic charged particles are subject to long-term magnetic trapping. The outer belt is
mostly populated by electrons with hundreds of keV to MeV energies, while the inner belt mostly
consists of an intense radiation of energetic protons (from MeV up to a few GeV), electrons/positrons
(up to ~8 MeV), and a minor component of ions [1, 2]. Proton populations with energies above a
few tens of MeV originate from the b-decay of free neutrons produced in the interaction between
galactic cosmic-rays and the Earth’s atmosphere in a mechanism called Cosmic Ray Albedo Neutron
Decay (CRAND) [3, 4]. Since the discovery of the Van Allen radiation belts, after the launch of the
first Explorer satellites in 1958 and the Pioneer in 1959 [5, 6], the scientific community has been
considerably involved in modeling this space radiation environment [7, 8], particularly inside the
region where the inner belt comes the closest to the Earth’s surface - approximately located over
the South Atlantic Ocean - known as South Atlantic Anomaly (SAA). The NASA AE9/AP9 set of
models for high-energy electrons and protons, respectively, is the most recent one [9]. Despite their
success in describing the radiation environment, both AE9 and AP9 are partly incomplete and often
their predictions are not based on a statistically sufficient sample of direct measurements; thus, it is
of key importance to test them and to provide new data-sets from in-flight instruments to improve
their predictions.

2. High-Energy Particle Detector and CSES Mission

The China Seismo-Electromagnetic Satellite (CSES-01) [10] is the first of a series of multi-
instrument monitoring satellites, scheduled for launch in the next few years. CSES-01 - put in
orbit on February 2, 2018 - is currently flying on a sun-synchronous polar orbit at a ~507 km
altitude, with a 5-day revisiting periodicity. Among various scientific payloads, the High-Energy
Particle Detector (HEPD), depicted in Fig.1, has been designed and built by the Limadou team, the
Italian branch of the CSES Collaboration. It is a light and compact (40.36 cm X 53.00 cm % 38.15
cm, total mass ~45 kg) payload, designed for electrons (3-100 MeV ) and protons (35-250 MeV)
measurements, and made up of a series of sub-detectors: a double-sided silicon microstrip tracking
system, a plastic scintillator layer providing trigger and a range calorimeter - composed of a stack
of 16 plastic scintillator in the upper portion (TOWER) and a 3x3 matrix of Lutetium-Yttrium
Oxyorthosilicate (LYSO) inorganic scintillator crystals in the lower portion. The whole apparatus is
surrounded by a total of 5 plastic scintillators (VETO) which reject particles not entirely contained
in the detector. More technical details on the instrument can be found in [11, 12].

For protons inside the SAA - recognised by their characteristic signal deposited on the first
scintillator plane (P) as a function of the total deposited energy (see Fig.2 - the presence of trapped
electrons is restricted to the <8 MeV energy range, thus not affecting the 35-250 MeV energy range
which has been analyzed in this work. Contamination from anti-protons is negligible [13] and no
attempt was made to discriminate between other populations, like pseudo-trapped, quasi-trapped
and precipitating protons or hydrogen isotopes, but it is worth noticing that they account for less
than 10% of the proton population [14].
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Figure 1: Schematic view of the HEPD detector.
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Figure 2: Protons ADC signal on the first plane of the calorimeter, Py, as a function of the total energy
released inside the entire calorimeter itself. To better visualize the distribution of protons in the plot, only
particles with vertical trajectories (6<15°) have been selected.
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Figure 3: Geographical maps of omnidirectional proton fluxes (averaged over all local pitch angle) as a
function of latitude and longitude for a low energy bin (40-45 MeV, left panel) and for a higher one (200-230
MeV, right panel). In both panels, the isolines of the reconstructed magnetic field are also shown for clarity.

From a geographical/geomagnetic point of view, a selection on both the magnetic field B<20500
(reconstructed using the IGRF-13 routines) and Mcllwain parameter L-shell<1.3 (calculated using
IRBEM libraries) is performed to operatively define the SAA region in which to collect the proton
sample and compare data with AP9 models. It is crcial to understand that, due to the extreme
anisotropy of trapped protons inside the anomaly, flux estimation is properly performed by using a
multi-dimensional matrices approach. Therefore, final directional differential fluxes F (v, E, @) are
obtained as:

N(x,E,a)
2rH (Y, E, o) AEAaAT(P)’

F(x,E,a) = ey

where N(y, E, ) is the number of protons (corrected for selection efficiency) as a function
of the satellite position y = (longitude, latitude), reconstructed energy E and local pitch angle «,
At (W) is the live time spent by CSES-01 at each orientation ¥ and, finally, H(Y¥, E, @) is the
effective area of the HEPD instrument. A resolution of 5° for longitude, 3° for latitude, 30° for both
6 and ¢ and 5° for the local pitch angle, is employed.

Following this approach, for example, geographical maps of omnidirectional proton fluxes, as
a function of latitude and longitude, are obtained, in 14 energy bins; their extension is depicted in
Fig.3 for a low energy bin (40-45 MeV, left panel) and for a higher one (200-230 MeV, right panel).

More detailed will be given during the Conference, and they can be found in the poster
associated to this proceeding.
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