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HEPD - High Energy Particle Detector

HEPD is a particle detector for near-Earth measurements of electrons,
protons and light nuclei fluxes due to short-time perturbations of the
radiation belts caused by solar and terrestrial phenomena.

It is installed on the CSES mission (Chinese Seismo-Electromagnetic
Satellite), which is aimed at studying phenomena of electromagnetic nature
and their correlation with geophysics activity, in order to contribute to
the monitoring of earthquakes from space.
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CSES mission - Chinese Seismo-Electromagnetic Satellite

Space is thought as a privileged laboratory for statistical studies on
pre-seismic events, because of the possibility of covering large zones at the
same time.

This italo-chinese collaboration was born from a dual interest: on one side,
the discovery of new mechanisms for the monitoring of natural disasters;
on the other, the interest in low-energy cosmic ray data research.

Precipitation mechanism of
particles trapped in Van Allen
belts:

Em. wave propagate from
earthquake prep. area;

Interaction with trapped
particles;

Mirror points lowering;

Particle propagation around
Earth.
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CSES mission

It consists of: two magnetometers, an
Electric Field Detector, a Plasma Analyzer,
a Langmuir Probe, and two high-energy
particle detectors (HEPP and HEPD).

Scientific goals:

Study of ionosphere parameters;

Development of physical models on
LIM coupling mechanism;

Cosmic ray physics;

Plasma and particle perturbations in
ionosphere and temporal correlation
with seismic events;

Solar physics.

Mass 730 kg

Power consumption 900W

Altitude 500 km

Launch 2nd Feb. 2018

Lifetime 5 years

4 / 18



HEPD: the Italian contribution to CSES

HEPD (High Energy Particle Detector) was entirely developed and
integrated in the clean rooms of WiZard group (led by prof. Picozza and
prof. Sparvoli) at University of Rome Tor Vergata.

Dimensions 20x20x40 cm3

Range e− 3-100MeV

Range p 30-300MeV

Angular acceptance 100-400 cm2sr

Goals:
Integrate PAMELA measurements
on CR;
study Van Allen belts stability and
particle precipitation events;
measure solar events fluxes (flares,
CMEs, SEP events, low-energy CR).
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HEPD - structure

HEPD is constituted by:

A tracker of 2 silicon planes for
direction and energy loss measurements;
a plane of 6 paddles of plastic
scintillator as trigger, each read by 2
PMTs;
16 planes of plastic scintillator, each
read by 2 PMTs (trigger system);
a 3x3 LYSO cubes matrix, each read
by 1 PMT;

5 planes of plastic scintillator surrounding the detector and used as
anticoincidence system (VETO).

The 16 planes and the LYSO cubes form the calorimeter, for particle
energy measurement.
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HEPD
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HEPD
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Beam tests

Several beam tests have been performed for test analysis and detector
calibration:

electron test (30 - 120 MeV): BTF at LNF-INFN;
proton test (70 - 230 MeV): Proton Therapy Center in Trento (Italy);
various atmospheric muon tests: clean rooms at University Tor Vergata;
light nuclei test (up to O - 62 MeV/amu): Tandem acc. at LNS-INFN [next
month].

Test on cosmic muons (March 2017). On the left: ADC distribution of the PMT
of a trigger paddle. On the right: comparison plot of ADC signals from the two
PMTs of the same trigger paddle. 8 / 18



Monte Carlo HEPD simulation

MC simulation: Geant4 HEPD simulation of e−, p e µ− entering in
different points of the detector window. Goals: study angular
acceptance, particle discrimination, calorimeter energy resolution. CR
fluxes reconstruction.
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Monte Carlo HEPD simulation

MC simulation: Geant4 HEPD simulation of e−, p e µ− entering in
different points of the detector window. Goals: study angular
acceptance, particle discrimination, calorimeter energy resolution. CR
fluxes reconstruction.

R. Sparvoli, "The High Energy Particle Detector (HEPD) for the CSES mission", 34th

International Cosmic Ray Conference, 2015.
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HEPD simulation - light yield
Study of the light yield in a scintillator plane for tuning between MC
and test data.

Comparison # optical photons produced with energy deposited
in the plane;

Position reconstruction with light collected individually from the
2 PMTs;

Angle reconstruction with light collected and particle energy.

Left: deposited energy in MeV from a 50 MeV electron in 1 cm of EJ200 plastic
scintillator.
Right: comparison plot # p.e. of the 2 PMTs of the plane vs dep. energy for e− with
different energies. 11 / 18



Position reconstruction

A test for optical photons simulated physics: position reconstruction with
light collected from the 2 PMTs.

Distributions of the quantity PMT2−PMT1
PMT2+PMT1

for particle launched in 4 different positions
of a trigger paddle; PMT1 and PMT2 are respectively the number of p.e. collected by
one photomultiplier and by the other.
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Position reconstruction

Check with same distributions of electron beam test:

Very high mylar reflectivity value, the sigma of a distribution and the
difference between two peaks are comparable numbers.

σ ' 0.10
< B > − < D >' 0.24
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Angle reconstruction

Study of the possibility of reconstruct the incident angle information by
knowing the total energy released in the calorimeter and the deposited
energy in the 0.5 cm trigger plane.

MC HEPD simulation: protons of different energies, launched with a
distribution uniform in cos2θ and uniform in φ. Variables: dep. energy in
trigger bar and incident angle.
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Angle reconstruction
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Angle reconstruction
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Angle reconstruction
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Conclusions

HEPD is a particle detector in orbit from some months, to detect
electrons, protons and light nuclei in the energy range 1-100 MeV, for
studies on cosmic ray fluxes, solar modulation physics, Van Allen belts
stability;
because of beam tests and calibration analysis, we can now monitor
very well its behaviour;
final trigger configuration settings are actually been operated to set
HEPD in the optimal configuration mode;
In this initial period, MC simulations help in secondary analysis to
see wether some ideas are possible or not.
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Particle precipitation mechanism on top of a seismic event

1. Earthquake preparation area;
2. em waves propagate into ionosphere-magnetosphere;
3. they generate perturbations in low ionosphere;
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Particle precipitation mechanism on top of a seismic event

4. waves interact with the charged particles trapped in Van Allen belts;
5. change of the particle pitch-angle; particles precipitates (PB, Particle
Burst);
6. PB propagate around Earth along the corresponding L-shell ; possibility
of detecting at any longitude.
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Particle precipitation mechanism on top of a seismic event

Emilia Romagna earthquake on 29th May 2012
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Particle precipitation mechanism on top of a seismic event

Anomalous increments of electrons and protons number of low energy
measured from 3 different experiments a few hours before earthquakes of
medium-high magnitude (M>4).

Involved experiments: MARIA, MARIA-2, ELECTRON, GAMMA-1,
SAMPEX/PET (period: 1985-2000), DEMETER (2004-2010), ... and
CSES!
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