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The CSES (China Seismo-Electromagnetic Satellite) mission will investigate the structure and
the dynamic of the topside ionosphere, will monitor electric and magnetic field and high energy
particle fluctuations, searching for their correlations with the geophysical activity, in order to con-
tribute to the monitoring of earthquakes from space. The High-Energy Particle Detector (HEPD)
is one of the payloads of the CSES space mission, built by the Italian Limadou collaboration. Re-
sults of the test beams held at the Beam Test Facility of the INFN National Laboratory of Frascati,
for electrons, and at the Proton Cyclotron of Trento, for protons, will be presented.
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1. The High-Energy Particle Detector

CSES is a Chinese space mission with different goals [1]:

• the measurement of signals from electromagnetic emission in ionosphere;

• the measurement of background magnetic field in space;

• the cosmic ray measurements in an energy range up to few hundreds of MeV.

The satellite will be placed in a 97,4◦ inclination Sun-synchronous circular orbit, at an altitude
of ∼500 km. The High-Energy Particle Detector (HEPD) is one of the payloads of CSES. It is built
by the Italian collaboration Limadou. It is developed to study protons and electrons in the energy
range [3-200] MeV [2].

HEPD is composed by different instruments [3]:

• a tracker, made of two planes of double-side silicon micro-strip sensors;

• the trigger plane, which is divided into 6 segments;

• a calorimeter, composed by 16 plastic scintillators with dimensions (15x15x1) cm3 and a
layer of 9 LYSO cubes, for a resulting plane of dimension (15x15x4) cm3;

• a scintillator veto system, 5 mm thick, at sides and at the bottom of the instrument.

2. Test beams

Figure 1: Counts on the 2 PMTs of the first paddle of the trigger plane induced by an electron beam with
30 MeV.

In May 2017, the detector was tested at the Beam Test Facility (BTF) of the ‘Laboratori
Nazionali di Frascati’ of INFN with an electron/positron beam with energy between 30 and 120
MeV [5]. Each paddle in the trigger plane is read by 2 PMTs; the raw signal on one paddle of the
trigger plane for an electron beam with energy equal to 30 MeV is reported in Fig. 1.
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Figure 2: Energy released by an electron beam of E=30 MeV on one paddle of the trigger plane.

In Fig. 2 the numbers of counts on the trigger paddle hit by an electron beam of 30 MeV has
been showed. It can be clearly seen the signal induced by 1, 2, and 3 contemporary particles. In
Fig. 3 is reported the number of hit planes with two electron beams with different energies. The
Blue plot is referred to a beam with energy equal to 30 MeV; the green plot is refererred to an
electron beam with energy equal to 45 MeV. At this energy electrons pass through the 16 planes
stopping in LYSO cristals. This is consistent with the energy loss of minimum ionizing particles in
plastic scintillator (∼ 2 MeV/cm).

Figure 3: Number of hit planes for electron beams of 30 MeV (Blue) and 45 MeV (Green).

In October 2017, the detector was tested at the Proton Cyclotron of Trento with proton beams
with energy included into the range [70-200] MeV. In Fig. 4 the number of hit planes for proton
beams with different energies is reported. Differently from electrons, here the plane can be clearly
see where protons lose all the energy.

This is also reported in Fig. 5, where the average of the total counts obtained in the upper
calorimeter is reported as a function of the beam energy. The average number of counts for electron
beams is constant, as for energies greater than 45 MeV electrons cross all the upper calorimeter.
For proton beams, instead, the average number of counts increases with the energy of the incident
particle.
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Figure 4: Number of hit planes for proton beams with different energies.

Figure 5: Average counts on the upper calorimeter for electrons (white squares) and protons (black dots).

3. Conclusions and Acknowledgements

We would like to thank the Beam Test Facility at ‘Laboratori Nazionali di Frascati’ and the
Proton Cyclotron of Trento for the possibility to test the detector. In this paper some results ob-
tained for HEPD at the test beams are reported. More data are under study.
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