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The CSES mission
Collaboration between the Chinese and the Italian space agencies (CNSA and ASI) 
with National Institute for Nuclear Physics (INFN) as prime institute and the 
contribution of Italian universities and research centres, including the University of 
Naples Federico II, in the framework of the Italian Limadou collaboration.

Realization of asatellite’s constellationfor monitoring ionospheric perturbations:

ÅFlux of particles precipitating from Van Allen Belts

ÅElectricand magneticfield of the Earth

ÅPlasma frequency of the ionosphere and its composition

Scientific objectives:

ÅMonitor and modelthe Earth’s ionosphereand magnetospheredynamics

Å Investigate co-seismicand possible precursorphenomena

ÅStudy wave-particleinteractions and radiation belt dynamics

ÅDetect charged particles and transient gamma events
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The CSES-02 satellite
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CSES-01 CSES-02

X-band data 
transmission

120 Mbps 150 Mbps

Storage 160 GB 512 GB

Total mass 730 kg 900 kg

Peak power 
consumption

900 W

Design 
lifespan

5 years 6 years

Track interval 5° 2.5° *

Return cycle 5 days 2.5 days *

Courtesy of the CSES-
Limadou collaboration

Based on CAST2000 platform, was launched on June 14 
2025.

Å heliosynchronous orbit 

Å altitude of 500km

Å orbital inclination of 98°

Å phase shift of 180° with respect to CSES-01.

Whereas the CSES-01 is operative only between ±65° of 
latitude, the CSES-02 will operate also in polar regions.

It’s equipped with various instruments, among which:

ÅThe EFD-02 (Electric Field Detector)which 
measures the Earth’s electric field components

ÅThe HEPD-02 (High-Energy Particle Detector)
which measures the flux of particles precipitating 
from van Allen Belts and their energies.

* in conjunction with CSES-01

Marco Mese – TIPP 2026, Mumbai



The HEPD-02 detector
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HEPD-02

80 megapixel tracker

Courtesy of the CSES-
Limadou collaboration

Detects electrons and protons with kinetic energies from 3 to 100 MeV (electrons) and 30 to 200 MeV (protons).

80 megapixel tracker(DIR) made of MAP sensors 
(ALTAI sensors)

4

Kinetic energy range (e-) 3 to 100 MeV

Kinetic energy range (p) 30 to 200 MeV

Angular resolution ≤ 10° for Ekin = 10 MeV(e-)

Energy resolution ≤ 25% for Ekin = 10 MeV(e-)

PID efficiency > 90%

Detectable flux up to 103 cm-2s-1sr-1

Operating temperature -10 to 35 °C

Operating pressure ≤ 6.65 · 10-3  Pa

Mass budget ≤ 50 kg

Power budget ≤ 45 W

Data budget ≤ 100 Gb/day
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The HEPD-02 detector
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HEPD-02

80 megapixel tracker

Trigger system

Courtesy of the CSES-
Limadou collaboration

Detects electrons and protons with kinetic energies from 3 to 100 MeV (electrons) and 30 to 200 MeV (protons).

Trigger system, realized by 2 segmented planes of 
plastic scintillator (EJ-200) surrounding the tracker:

Å First plane (TR1) made of 5 segments

Å Second plane (TR2) made of 4 segments placed 
orthogonally to T1
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The HEPD-02 detector
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HEPD-02

80 megapixel tracker

Trigger system

Calorimeter

Courtesy of the CSES-
Limadou collaboration

Detects electrons and protons with kinetic energies from 3 to 100 MeV (electrons) and 30 to 200 MeV (protons).

Calorimeter(RAN_01-12 and EN_1-2):

Å 12 planes of plastic scintillatorconstituting the 
RANge detector

Å 2 segmented planes of inorganic scintillator (LYSO)
constituting the ENergy detector, used to extend the 
energetic range of HEPD-02
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The HEPD-02 detector
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HEPD-02

80 megapixel tracker

Trigger system

Calorimeter

Veto system

Courtesy of the CSES-
Limadou collaboration

Detects electrons and protons with kinetic energies from 3 to 100 MeV (electrons) and 30 to 200 MeV (protons).

Veto system (LAT_01-04 and BOT) realized by five 
scintillator planes surrounding the detector
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HEPD-02 innovations: the LYSO calorimeter

7

EJ-200 LYSO BGO

Density (g/cm3) 1.023 7.1 7.1

Attenuation length (511 keV e-) (cm) 380 1.2 1.0

Decay time (ns) 2.1 36 300

Light output (ph/keV) 10 33 9

EN1

EN2

Courtesy of the CSES-
Limadou collaboration

The wide energy range of HEPD-02 is obtained thanks to 6 bars 
of LYSO crystals with dimensions 15 x 5 x 2.5 cm3, among the 
largest ever grown.

Advantages:

ÅHigh density

ÅLow decay time

ÅHigh light output

ÅExtending trigger capabilities to GRB

Disadvantages:

ÅRadioactivity, the threshold needs to be set to 1.5 MeV at least

5Marco Mese – TIPP 2026, Mumbai



The board, based on CITIROC(by Weeroc) and Microsemi 
FPGA (A3PE3000L), acquires signals from the PMTs and 
produces the trigger signal for the experiment. 

It is divided into two identical sections for redundancy.

CITIROCs have two independent preamplifiers:

Å the High Gain preamplifier with gain from 10 to 600
Å the Low Gain with gain from 1 to 60

This ensures a wide dynamic range, which is required for 
detecting particles over a broad energy range.

 Each preamplifier is connected to a configurable shaper 
and an analog memory (Track&Hold or Peak Detector).

A fast shaper and a discriminator with configurable 
threshold generate triggersignals for the 32 channels.

PMT readout and trigger system

6

Anastasio A. et al. ά¢ǊƛƎƎŜǊ ŀƴŘ /ŀƭƻǊƛƳŜǘŜǊ 5ŀǘŀ 
Acquisition of the High-Energy Particle Detector 
Onboard the CSES-лн {ŀǘŜƭƭƛǘŜέ, Journal: IEEE 
Transactions on Instrumentation and 
Measurement, 24 April 2025
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ÅSignals from the last dynode of the PMT are attenuated in order to match the CITIROCs input range

ÅCITIROCs amplify, shape and sample photomultiplier signals and produce a trigger for each PMT

ÅTrigger signals produced by CITIROCs are acquired by an FPGA that implement various logic conditions, called trigger 
masks, that produce the global trigger signal

ÅThe FPGA enables CITIROCs outputs and starts the ADC conversion

The board operation is described in the following schematic
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The FPGA also configures the CITIROCs and communicates with the other 
subsystems of the detector.

Anastasio A. et al. ά¢ǊƛƎƎŜǊ ŀƴŘ /ŀƭƻǊƛƳŜǘŜǊ 5ŀǘŀ 
Acquisition of the High-Energy Particle Detector 
Onboard the CSES-лн {ŀǘŜƭƭƛǘŜέ, Journal: IEEE 
Transactions on Instrumentation and 
Measurement, 24 April 2025

PMT readout and trigger system
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The trigger system: trigger masks

Courtesy of the CSES-
Limadou collaboration

HEPD-02 provides three classes of trigger masks:

ÅEvent acquisition masks: that validate the acquisition of 
particles with increasing energy threshold:

1. ὝὙ1
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The trigger system: trigger masks

ʃ
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The trigger system: concurrent triggers

9

Courtesy of the CSES-
Limadou collaboration

Six of these trigger masks can be selected to work in 
concurrency, allowing the simultaneous study of different 
physics cases.

The selection of the concurrent trigger masks depends on the 
region flown over by the satellite.

Four orbital zonesare defined:

ÅSAA: trapped electrons (dominant at 1MeV) and protons 
(dominant above 8MeV)

9
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The trigger system: concurrent triggers

9

Courtesy of the CSES-
Limadou collaboration

Six of these trigger masks can be selected to work in 
concurrency, allowing the simultaneous study of different 
physics cases.

The selection of the concurrent trigger masks depends on the 
region flown over by the satellite.

Four orbital zonesare defined:

ÅSAA: trapped electrons (dominant at 1MeV) and protons 
(dominant above 8MeV)

ÅEquatorial: re-entrant and cosmic protons

ÅOuter belt: low energy trapped electrons (below 10MeV)

ÅPolar: primary electrons and protons and havier nuclei

9
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The trigger system: prescalers

ÅIn polar regions and the SAA, low-energy 
particle rates can reach tens of megahertz.

Courtesy of the CSES-
Limadou collaboration
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The trigger system: prescalers

ÅIn polar regions and the SAA, low-energy 
particle rates can reach tens of megahertz.

ÅThis would cause the saturation of the 
bandwith allowed for the satellite’s 
transmission (6 Mb/s).

ÅFour prescalerscan be configured to ignore a 
certain number of triggers.

ÅThis allows the control of the sharing of data 
throughput among different physics channels.
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The trigger system: GRB detection

The GRB detection algorithm is based on the trigger rate measured for the two GRB trigger masks:

1. The moving average and the mean absolute difference (MAD) are calculated for both the GRB trigger masks
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The trigger system: GRB detection

n*MAD

The GRB detection algorithm is based on the trigger rate measured for the two GRB trigger masks:

1. The moving average and the mean absolute difference (MAD) are calculated for both the GRB trigger masks

2. The sum of these rates are calculated in different time intervals (10, 40, 160, 360 ms)

3. If one of these sums exceed the average of a number of MAD, the rate meter values are stored from 10s 
before and after this event
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HEPD-02 beam tests

̴̴10%

̴̴10%

̴̴1%

Preliminary

PreliminaryPreliminary

Preliminary

Courtesy of the CSES-
Limadou collaboration

HEPD-02 showed good performances during beam tests using 
electrons (6 to 120 MeV), protons (30 to 200 MeV), carbon 
nuclei (115 to 398 MeV/amu) and photons (1 to 10 MeV).

Å Good linearity over a wide range of energies and for different 
particles.

Å Good energy resolution.
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HEPD-02 beam tests

Åevaluating the pixel’s cluster size of 
the direction detector 

Å the dE/dx vs Ὁὸέὸὥὰmethod 

HG LG

CΦ CƻƭƭŜƎŀΣ ΨΩ¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ IƛƎƘ 9ƴŜǊƎȅ 
tŀǊǘƛŎƭŜ 5ŜǘŜŎǘƻǊ I9t5πлн ƻƴ ōƻŀǊŘ /{9{πлн ǎŀǘŜƭƭƛǘŜΥ 
ŦǊƻƳ ǎƛƳǳƭŀǘƛƻƴ ǘƻ ǘŜǎǘ ōŜŀƳ ŘŀǘŀΦΩΩΣ 
ŘƻƛҐмлΦнноноκмΦпппΦлммс

The discrimination between electrons, protons and heavier particles can be achieved using two different 
techniques:
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HEPD-02 GRB tests

Courtesy of the CSES-
Limadou collaboration

Preliminary Preliminary

X-rays (1-10MeV) produced at the S. Chiara LINAC in Trento were used to test the GRB detection algorithm.
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Conclusions
ÅThe HEPD-02 has been substantially improved with respect to HEPD-01: better tracker resolution and new 

trigger functionalities (prescaled concurrent triggers and GRB detection capability) .

ÅThe detector successfully passed all the environmental tests confirming the quality of the design and 

ensuring its correct operations in a space environment.

ÅBeam tests allowed the evaluation of the detector performances. HEPD-02 showed good linearity and energy 

resolution for different particles and in a wide energy range.

ÅSince its successful launch on June 14, 2025, CSES-02 has been operating nominally, delivering stable 

scientific data
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Peak Detector

The trigger board uses the Peak Detector circuit provided by CITIROC which allows to 
correctly sample the signals, even in presence of delays between the various channels.

To use the peak detector it is necessary that the peak-sensing window is opened before 
the peak produced by the shaper. 
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2018 and obtained various results:
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ÅThe detection of the strong geomagnetic 
storm of 26 August 2018
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simulation (HelMod)

ÅThe detection of five strong Gamma Ray 
Bursts through photon conversion in the 
detector materials

3
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Courtesy of the CSES-
Limadou collaboration

The HEPD-02 detector has been intensively tested to ensure 
correct operation in the space environment (extreme 
temperature variations, high radiation levels, heat transfer in 
vacuum).

Besides these conditions, during the launch of the satellite, 
the detector experiences strong mechanical shocks and 
vibrations that could potentially damage it.

The environmental tests included:

ÅPyroshockand vibrationtests

ÅThermal and thermal-vacuumtests

ÅElectromagneticcompatibility

HEPD-02 successfully passed all these tests.

18



HEPD-02 first in-flight acquisitions Courtesy of the CSES-
Limadou collaboration

The CSES-02 satellite was successfully launched 
on July 14, 2025, and since then it has been 
operating nominally, continuously providing 
scientific data without anomalies.

Data analysis confirms that the rate meters are 
consistent with those previously obtained from 
CSES-01.

In addition, the ADC counts from the PMTs 
demonstrate good linearity over the expected 
dynamic range, whereas the prescalers are 
operating as designed, without any observed 
malfunctions.

23
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The payloads on board consist of:

ÅHigh-Energy Particle Detector (HEPD-02) and Medium 
Energetic Electron Detector (MEED)to measure particle 
flux and energy spectrum

ÅSearch-Coil Magnetometer (SCM)and High Precision 
Magnetometer (HPM) to measure the components of 
the magnetic field,

ÅHigh Precision Magnetometer (HPM)to measure the 
total intensity of the magnetic field

ÅElectric Field Detector (EFD-02)to measure the electric 
field

ÅPlasma analyzer Package (PAP) and a Langmuir probe to 
measure the disturbance of plasma in ionosphere

ÅGNSS Occultation Receiverand a Tri-Band Beacon  to 
measure the density of electrons

ÅIonospheric Photometer, for measurements of the 
airglow from O2 and N2

Courtesy of the CSES-Limadou collaboration



HEPD-02 dimensions

Detector dimensions: 40.36 x 53 x 38.15 cm3 (47.2 kg)

Calorimeter dimensions: 20 x 20 x 40 cm3

Å TR1: 200 ×180 x 2 mm3

Å Tracker: 225 × 38 ×12 mm3

Å TR2: 150 x 150 x 8 mm3

Å RAN1 - RAN12: 150 x 150 x 10 mm3

Å LYSO (EN1, EN2 bars): 150 x 50 x 25 mm3

Courtesy of the CSES-Limadou collaboration
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ÅPreliminar sinusoidal vibration test for obtaining 
resonance frequencies (using accelerometer 
placed on different positions)

ÅThe HEPD-02 is placed on a ringing plate and 
subjected to an impact from the impulse 
hammer

ÅAn additional vibration test is made to check 
that no new resonance frequences are present 
after the shock

ÅThe measurement is repeated for X, Y and Z 
axes

Courtesy of the CSES-Limadou collaboration



HEPD-02 vibration tests

ÅPreliminar sinusoidal vibration test for obtaining 
resonance frequencies (using accelerometer 
placed on different positions)

ÅSinusoidal and Random vibration reaching 
acceleration up to 12g (with frequencies from 
10 to 100Hz)

ÅAn additional vibration test is made to check 
that no new resonance frequences are present 

ÅThe measurement is repeated for X, Y and Z axes

Courtesy of the CSES-Limadou collaboration



1. HEPD-02 is placed inside a thermal 
chamber

2. The detector is subjected to a thermal 
cycle from -30 to 50°C  for the QM and -20 
to 45°C for the FM

3. At each cycle , the detector has been 
powered on, calibrated with the internal 
calibration trigger, put in acquisition mode 
to detect cosmic muons and then 
powered off. 

Thermal vacuum tests follow the same cycle 
but with pressure kept below 6.65 · 10-3 Pa

I9t5πлн ǘƘŜǊƳŀƭ ŀƴŘ 
ǘƘŜǊƳŀƭ ǾŀŎǳǳƳ ǘŜǎǘǎ

Courtesy of the CSES-Limadou collaboration
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ÅEmission tests, for studying the conducted and radiated electromagnetic 
emissions of the HEPD-02:

Å Conducted emission:

Å Power and return lines connected to Line Impedance Stabilization Network (LISN).

Å A spectrum analyzer performs a frequency scan between 150KHz to 10MHz.

Å Radiated emission:

Å differs from the preceding test by using an antenna connected to the spectrum analyzer 
instead of a cable.

ÅSusceptibility tests, to study the ability of the detector to continue to 
work in the presence of EM disturbances:

Å Conducted susceptibility:

Å the power line of the detector is connected to the secondary coil of a coupling 
transformer while the primary coil to a signal generator.

Å An oscilloscope is used to evaluate the injected voltage, produced with 
frequencies in the range from 30 Hz to 150 kHz

Å Radiated susceptibility:

Å the disturbance is produced by an antenna connected to the signal generator Courtesy of the CSES-Limadou collaboration



Readout and trigger system

Based on CITIROCs readout integrated circuits (by Weeroc) and on Microsemi 
A3PE3000L FPGA.

The board is divided in two identical sections for redundancy.

CITIROCs have 2 independent preamplifiers:

Å the High Gain preamplifier can be configured with gain from 10 to 600
Å the Low Gain with gain from 1 to 60

This ensures a wide dynamical range, required for the acquisition of signals from 
different scintillators, produced by particles in a wide energy range.
 
Each preamplifier is connected to a configurable shaper and an analog memory 
(Track&Hold or Peak Detector).

Trigger signals for the 32 channels are generated by a fast shaper and a 
discriminator with configurable threshold



PMT acquisition chain
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Courtesy of the CSES-Limadou collaboration
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Courtesy of the CSES-Limadou collaboration



HEPD-02 
rate maps

Courtesy of the CSES-Limadou collaboration



LYSO radioactivity

ÅLYSO crystals contains lutetium and the 
2.6% of natural lutetium is the 176Lu isotope 
which decays beta to excited states of 176Hf 
with the following reaction:

Å 176Lu → 176Hf* + e- + ʉ

Å176Hf* relaxation produces 3 X-rays (88keV, 
202keV and 307keV)

ÅThe energy distribution is shown in figure: 
it can be seen that it extends up to 1.5MeV

Courtesy of the CSES-Limadou collaboration
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Courtesy of the CSES-Limadou collaboration

S. Pulinets and D. Ouzounov. “Lithosphere–Atmosphere–Ionosphere Coupling
(LAIC) model – An unified concept for earthquake precursors validation”. In: Journal
of Asian Earth Sciences 41.4 (2011).  doi: https://doi.org/10.1016/j.jseaes.2010.
03.005. url: https://www.sciencedirect.com/science/article/pii/
S1367912010000830



Ionospheric seismic 
precursors

ÅThe first statistically significant evidence of the 
existence of a coupling mechanism between seismic 
events (with M> 6) and particle precipitation was 
obtained by studying the data of the NOAA POES 
satellites acquired over a period of 13 years.

ÅThe figure shows the distributions of the time 
intervals ΔT between a seismic event (EQ) and the 
precipitation of particles (PB) in the ionosphere. If 
the events were uncorrelated there would be a flat 
distribution.

ÅInstead for ΔT = 1.25 ± 025 hours a correlation 
peak is observed: the number of seismic event / 
precipitation pairs is greater than 5.7σ compared to 
the average

Courtesy of the CSES-Limadou collaboration



The spectrogram of the averaged relative energies ‐ὶὩὰof the
electric and magnetic fields components, measured with the EFD and 
SCM, during the CSES-01 flight over the earthquake region.
Relative energies are obtained by employing the Empirical Mode 
Decomposition (EMD), an analysis method based on the decomposition of 
a signal ί(ὸ) into components at different time scales, that are analyzed 
separately. These components are called Intrinsic Mode Functions (IMF) 
and are oscillating functions with variable frequencies.

gl(t): IMF
r(t): residual

This method allows the extraction of informations that would 
otherwise be "hidden" in the signal.

.ŀȅŀƴ ŜŀǊǘƘǉǳŀƪŜ ƻŦ ǘƘŜ р 
!ǳƎǳǎǘ нлму

M. Piersanti et al., “Magnetospheric-Ionospheric-Lithospheric 
Coupling Model. 1: Observations during the 5 August 2018 
Bayan Earthquake”, Remote Sensing, 11 October 2020



Bayan earthquake of the 5 
August 2018

Å resonance peaks at 2 Hz, caused by the motion of the 
satellite into the magnetic field

Åfundamental mode of the ionospheric Schumann’s 
resonance at Ḑ7.9 Hz

Åa portion of the whistler-mode chorus, generated around 
ὒίὬὩὰὰ= 5 and propagating into the plasmasphere, at 270 
Hz (visible in Ὁὼcomponent)

Å the signature of the ionospheric hiss at Ḑ1 kHz, in Ὁὼ
and Ὁᾀcomponents

Å the background components show the third-order 
Schumann’s resonance at 20 Hz

Åpeak at 12 kHz, related to the lower-hybrid resonance of 
the ionospheric F2 layer

M. Piersanti et al., “Magnetospheric-Ionospheric-Lithospheric 
Coupling Model. 1: Observations during the 5 August 2018 
Bayan Earthquake”, Remote Sensing, 11 October 2020



Electric Field Detector 
(EFD)

ÅMeasurement of the components of the 
electric field for frequencies up to 5MHz

Å4 probes arranged in different directions for 
field measurement by evaluating the ddp of 
two different probes

ÅResolution of 1‘ὠ

Courtesy of the CSES-Limadou collaboration
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