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CSES-01 (China Seismo-Electromagnetic Satellite) is a mission developed by CNSA (Chinese
National Space Administration) and ASI (Italian Space Agency) to investigate the near-Earth elec-
tromagnetic, plasma and particle environment, focusing on the disturbances of the ionosphere-
magnetosphere transition region. In this framework, the Italian High Energy Particle Detector
(HEPD) on board CSES-01, is an advanced detector based on a tower of scintillators and a silicon
tracker that provide good energy resolution as well as a wide angular acceptance for electrons of
3-100 MeV, protons of 30-200 MeV and light nuclei (up to Oxygen). The very good capabilities
in both detection and discrimination of particles make the detector well suited for space-weather
purposes; indeed HEPD is able to continuously monitor the magnetospheric environment with
high precision and stability in time. Turbulent conditions in the near-Earth environment translate
into modification of particles and magnetic/electric measurements at different time-scales. In this
work, the data-analysis techniques and some preliminary results concerning the study of differ-
ent proton populations encountered along CSES-01 orbit (galactic cosmic rays, re-entrant albedo
etc.) are presented.
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Space-weather studies with HEPD M. Martucci

1. Introduction

The terminology Space weather came into popular use in the late 1990s, even though this
concept made its debut in the literature many years before. In [1], the expression solar meteorology
is used in analogy to terrestrial meteorology, and similar descriptions followed in time [2], [3], [4].
Definitions aside, space weather refers to such effects as reduced satellite operations, failures in
spacecraft electronics, radio communication problems from perturbations in the Earth’s ionosphere,
and even downed power grids during major geomagnetic storms [5]. The whole of these effects can
be grouped into two different categories, either directly or indirectly associated with solar activity
[7]; in fact, not all space weather effects can be attributed to solar proton events (SPEs). Major solar
events (or solar flares) typically generate a wide variety of emissions impacting Earth: X-rays,
radio emissions, but also plasma and magnetic field carried by coronal mass ejections or CMEs [6].
Solar energetic particles or SEPs (ions in the MeV and GeV energy range and electrons in the keV
and MeV range) are often produced and accelerated by magnetic reconnection mechanisms [8] or
shock phenomena [9].

The impact of both fast and slow CMEs (faster or slower with respect to the heliospheric solar
wind) with the Earth magnetosphere led to enhanced electrical currents that cause a subsequent
enhancement in the magnetic fields giving birth to geomagnetic storms [6]. The study of such
variations is crucial because it would help shed more light on all the mechanisms that take place
during solar events and could hopefully led to modelization and, possibly, to create a nowcast-
ing/forecasting network in the nearest future possible. HEPD (High-Energy Particle Detector), on
board the CSES-01 satellite, shows outstanding capabilities in monitoring the near-Earth environ-
ment, with its high precision and high stability in time.

2. The instrument

The High-Energy Particle Detector (HEPD) is one of the nine payloads on board the CSES-01
satellite, developed and maintained by the Italian members of the CSES-Limadou Collaboration.
The instrument is optimized for the detection of electrons (3-100 MeV), protons (30-200 MeV), as
well as light nuclei, with Z up to Oxygen’s. The payload, with dimensions of approximately 20 ×
20 × 40 cm3, a mass limited to approximately 45 kg and a power consumption lower than 43 W,
comprises four stacked sub-detectors, which are, in descending order:

• the tracker, which is made of two planes of double-side silicon micro-strip sensors providing
the direction of the incoming particle;

• the trigger, which is made of one layer of plastic scintillator divided into 6 segments or
paddles;

• a calorimeter, including 16 plastic scintillators in the upper section, and 9 LYSO cubic crys-
tals in the lower section. The former section allows to measure both the energy deposition
and the range of the impinging particle; the latter provides a larger matter thickness, and it is
aimed to increase the operational energy range
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Figure 1: Distribution of electrons/positrons and protons populations as a function of geographical coordi-
nates along CSES-01 orbit (top and bottom panels respectively). South Atlantic Anomaly has been removed
from this sample. Data collected by HEPD detector during the period August 20-24, 2018.

• a 5 mm thick veto system, consisting of five plastic scintill-tor counters (4 of them surround-
ing the sides of the instrument and one placed in the bottom part). The lateral veto system
insures to acquire only particles with trajectories fully contained inside the calorimeter, while
the bottom one rejects very energetic particles exiting the instrument or the up-going albedo
populations;

The electronics sub-system is inserted in a box placed at one side of the detector and it includes
the CPU, the High-Voltage Power Supply and all other mechanical modules employed in the correct
functioning of the detector as a whole. For a more detailed description of the instrument, see [10]

3. The role of HEPD in space weather studies

The CSES-01 satellite is a 3-axis attitude stabilized spacecraft, moving along a sun-synchronous
circular orbit with a 98◦ inclination at an altitude of ∼500 km. All payload instruments on-board
the satellite collect data in the geographic latitude range of ± 65◦. At higher latitudes all detectors
are switched off (adjustment zone), in order to monitor the satellite attitude and manage the orbit
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control system. Though turned off in the adjustment zones, the tilt angle of the Earth magnetic field
allows HEPD to collect data in regions with magnetic latitude values of c.a 75◦, where the magnetic
field lines are almost parallel to each other. Under such circumstances, the geomagnetic rigidity
cutoff - which describes the shielding effect of the geomagnetic field, and depends solely on the
direction and momentum-to-charge ratio of the incoming particles - is low, and charged particles
coming from outside the magnetosphere can penetrate and be easily detected [11].

Using the International Geomagnetic Reference Field (IGRF) series of mathematical models,
in particular the IGRF-12 [12], it was possible to obtain the Earth’s main field (internal field) at any
point of the orbit. In addition, being this field increasingly affected, beyond c.a 4 Earth radii, by the
interactions between the magnetosphere and external sources (such as the solar wind), its distor-
tions were taken into account through the implementation of the Tsyganenko-89 magnetospheric
semi-empirical model [13].

The different distributions of protons and electrons/positrons1 populations along CSES-01 or-
bit are shown in the 2 panels of Figure 1 for the period August 20-24, 2018. With an acceptance of
∼400 cm2sr, HEPD can collect a very high statistics even in a short period of time; for example, in
a single day of data-taking, HEPD observes almost 500000 electrons/positrons and 3000000 pro-
tons. Moreover, since it points along the zenithal direction of pointing, HEPD is vare well suited
to measure a wide variety of particles with different origin, such as re-entrant albedo, trapped and
cosmic-ray particles. Re-entrant particles are generated with upward-going directions by the inter-
action of cosmic rays with the Earth’s atmosphere, whose trajectories are bent by the geomagnetic
field back to the Earth itself [14]. Albedo can be divided in quasi-trapped and un-trapped compo-
nents: the former is localized in the near-equatorial region [15], inside and below the inner Van
Allen belts, the latter spreads over all latitudes [16]. Red-colored regions in the count rate geomaps
of Figure 1 correspond to those zones where the rigidity cutoff is low and galactic particles mix
together with outer-belt particles. Such outermost regions (which have been highlighted via re-
moval of the South Atlantic Anomaly), contain mostly electrons (<10 MeV) and various types of
ions, and are more variable than the inner belt since more easily influenced by solar activity. To
study the short-term variability of particles triggered by CMEs impacting the Earth or very strong
SEP events (known as Ground Level Enhancements, GLEs, when their energies exceeds 500 MeV)
is important to extract common features. CSES-01 was launched on February 2, 2018 during the
minimum of the 24th solar cycle and this should result in a reduction of registered perturbations;
nonetheless, powerful SPEs are known to occur in extremely quiet periods as well [17]. Moreover,
at the minimum, highly energetic solar particles can travel the Sun-Earth distance with no disturb
from a turbulent heliosphere, and this allows for a more precise investigation of their transport
mechanisms.

Geomagnetic storms, associated or not with powerful CMEs, can be monitored through dif-
ferent parameters, like the ones shown in Figure 2. One of such proxies is the time profile of the
North-South component of the Interplanetary Magnetic Field (IMF), Bz; when both Bz and geo-
magnetic field lines are oriented opposite to each other, they can reconnect, resulting in the transfer
of energy from the solar wind to the Earth’s magnetosphere. Other proxies include the speed of the

1Measuring only the energy deposited inside the calorimeter, HEPD is not able to discriminate between electrons
and positrons, so the leptonic component is an admixture of the two populations.
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Figure 2: Various useful parameters to monitor possible geomagnetic storms or SPEs from the Sun. From
top to bottom: Bz component, proton density, plasma temperature, plasma speed, Dst and Kp indices, as
described in the text (data taken from https://omniweb.gsfc.nasa.gov/). The topmost panel shows the hourly
variation of >50 MeV galactic protons registered by HEPD. HEPD data are normalized with respect to the
Super Solar Quiet period (SSQ) of August 9-10, 2018.

solar wind plasma, its temperature and its proton density; under quiet conditions of the interplane-
tary space, these parameters are often constant or slowly changing, but during the passage of CMEs
or other transients from the Sun, they rapidly change in response to the perturbation. Finally, just
for comparison, the disturbance storm time index (or Dst) and the Kp value are shown in the last
two panels. The Dst is a hourly parameter that monitors variations of the equatorial magnetospheric
ring current2, and is derived from the horizontal component of the geomagnetic field as measured

2It is an electric current carried by charged particles trapped in a planet’s magnetosphere.
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at ground observatories distant from both the auroral and equatorial ionospheric electrojets, while
Kp is a global 3-hour index, still monitoring the horizontal magnetic field component and derived
from ground-based magnetometers at a dozen sub-auroral stations all around the world. All these
parameters (obtained from https://omniweb.gsfc.nasa.gov/) are shown in Figure 2, together with the
variation of HEPD >50 MeV galactic protons in the period August 20-24 with respect to the Super
Solar Quiet (SSQ) period August 9-10. Some results regarding the G3-level geostorm (associated
with a filament eruption) of 2018 August 26 will be presented during the conference.

4. Conclusions

The high stability in time, together with the high statistics, make HEPD very well suited for
space weather studies. HEPD is able to directly track variations of the cosmic proton population
caused by solar injections during SPEs, and also to study the indirect effects of such events on the
secondary populations (such as re-entrant albedo). The low energy threshold in electron measure-
ments allows the detection of solar electrons emitted during solar flares [18] and the capabilities
in detecting light nuclei could prove very important in the study of phenomena such as the helium
enrichment that has been once again observed in various solar flares [19].
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