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Limadou Activities @ TIFPA

The CSES scientific mission
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The CSES mission is a scientific collaboration between Italy and China.

Scientific goals:

• Investigate the ionosphere and gather world-wide data;
• Study solar-terrestrial interactions and solar physics: CMEs, SEPs, solar flares;
• Study and extend low energy spectrum of cosmic rays;
• Measure the particles and plasma perturbations in the ionosphere and 

magnetosphere: natural sources (EQs) and anthropic emitters;

Interaction with trapped particles
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The CSES mission is a scientific collaboration between Italy and China.

Scientific goals:

• Investigate the ionosphere and gather world-wide data;
• Study solar-terrestrial interactions and solar physics: CMEs, SEPs, solar flares;
• Study and extend low energy spectrum of cosmic rays;
• Measure the particles and plasma perturbations in the ionosphere and 

magnetosphere: natural sources (EQs) and anthropic emitters;

Instruments on board CSES-01 satellite
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The launch of CSES-02
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Jiuquan Satellite Launch Center (Inner Mongolia)
on the 14 of June 2025

Behind F. Longo the 
Long March 2D rocket
Long March 2D rocket

R.Battiston 
PI of CSES-Limadou 

collaboration 

R.Iuppa 
RN-INFN of 

Limadou 

https://docs.google.com/file/d/10We0DIvgGHUN977NszUE9KBXuEIUYg6v/preview
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The CSES mission: multi-point era

Operation area between lat [-65,65] Full coverage at extreme latitudes

The new phase of the CSES mission started with the launch of the second satellite the 14 June 2025. 
● A new particle detectors suite for CSES-02 with improved detectors (i.e. HEPD-02) with energy range from tens of KeV to hundreds of MeV (three 

orders of magnitude);
● Improved version of EFD-02 (developed by INFN) working in conjunction with EFD-01 for electromagnetic field detection;
● Another point of observation and improved coverage and latitude span with sensitivity to GRB;

• Upgraded platform with CSES-02: 
• system with orbit manoeuvre 

capability 
• X-Band Data Transmission 

120Mbps →150Mbps 
• Total Mass: 730kg→900kg 
• Peak Power Consumption: ~900W 
• Design Life-span: 5 years→6 years 

• Complementary Orbit with CSES-01 
• Same Orbit Plane but shifted by 

180°;
• Return cycle: 5 days→2.5 days 
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EFD-02

HEPD-02
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The CSES mission: multi-point era
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Data retrieved from TLE
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CSES-02 (HEPD-02/EFD-02): road to launch

Shipment of HEPD-02/EFD-02 
to DFH (China)

11/12/2023

CSES-EFD-02/HEPD-02 
interface (TC and automatic 

procedure) verification
8-24/01/2024

HEPD-02 on board 
CSES-02 full 
functional test
26-28/02/2024

Arrival of 
HEPD-02/EFD-02 

to DFH (China)
21/12/2023

CSES-02 
Thermal 

Vacuum Test 
20/07/2024 - 
04/08/2024 

Launch of CSES-02
14/06/2025

Start of constellation era

CSES-02 Vibration Test 
19-21/04/2024

We are here

Commissioning
started-June 2025
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CSES-02 
Shipment to 
launch site 
15/05/2025
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Limadou HEPD-02 detector activities

Direction Detector
First Silicon Pixel (MAPS) 
tracker in space 

Optimized 
DAQ for the 
HEPD-02 
tracker

Published
Under revision

Published

Characterization and calibration 
of HEPD-02 scintillators 

TIFPA people involved
E.Ricci, R.Iuppa, R.Nicolaidis, P. Zuccon, 
F.Nozzoli, A. Lega 8

PublishedClose to submission

Close to submission



Limadou Activities @ TIFPA

HEPD-02 Monte Carlo simulation

TIFPA people involved
R. Nicolaidis, F.M.Follega,R.Iuppa, F. Nozzoli, A. Di Luca, E.Ricci 9

Close to submission

Under submission

Here in Trento we have developed the full Monte Carlo simulation of HEPD-02: starting from Geant4 to signal digitization of the 
calorimeter and pixel tracker (spin-off with TROPix). We are also in charge of the maintenance of the code and of the supervision of the 
MC production.

Under submission

Close to submission

(Courtesy of R. Nicolatids)

Published
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Limadou HEPD-02 perfomance/Data Quality

Here in Trento we have the responsibilities about the Computing, Scientific Performance and Data Quality and coordination during the 
commissioning phase of Limadou HEPD-02

Calo
plane

Tracker data
Layer 1

Layer 
3

FCNN
Input from 

Tracker and 
calorimeter PID

Ekin

Cluster Size + 
angles

Input from 
Tracking algo

Trigger
bar

Lyso 
bar

CNN
Input from 

Tracker 
images

Layer 2
Layer 3

Tracker data

Trained on HEPD-02 Digitized/Tuned 
Simulation @ produced at CNAF

Impact positions
and 

track residuals

HEPD-02 evReco (with DL)

energy reconstructiondirection reco
particle identification

TIFPA people involved
F.M.Follega, E.Ricci, A. Di Luca, R.Iuppa, A. Perinelli, R. Nicolaidis, C. Neübuser 10

Preparation of good run lists

Long term monitoring of 
critical parameters
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GRBs detection with HEPD-02

TIFPA people involved
F.M.Follega, R.Iuppa, E.Ricci, F. Nozzoli, A. Lega

LYSO crystals allow for detection of 
high-energy photons > 2 MeV

New physics case enabled:

• Dedicated GRB triggers for HEPD-02
• Ev. acquisition/counting mode;
• Time resolution ~ 5 ms

Sensitivity to GRB

1LYSO = 15x5x2.5 cm3
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GRB trigger algorithm tested and 
designed in Trento 

HEPD-02 ~ 10 x eff.area HEPD-01
HEPD-02 count sampling freq 200 Hz, while HEPD-01 1Hz
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No INTEGRAL 
form 28/02/2025
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In-flight tuning during commissioning

TIFPA people involved
R.Iuppa, F.M.Follega, E.Ricci, P. Zuccon
F. Nozzoli, R.Nicolaidis, R.Battiston 12

First in flight rates measured by HEPD-02

Event display of particle acquired during the first orbots with HEPD-02

Chinese GS ASI SSDC

INFN CNAF

Flight data are used to tune HEPD-02 parameters

In Trento we will contribute:
- tuning acquisition strategies (trigger masks, patterns…)
- pixel tracker calibration and tuning of parameters 
(thresholds and masking)
- GRB algorithms parameters and enabled regions

several months to 
reach nominal/ideal 

acquisition
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GRB algo tuning in-flight
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In orbit tuning of configuration to enable GRB masks

● A GRB trigger mask (coincidence of plastic scint. or 
LYSO crystals) in many orbital zones

TIFPA people involved
R.Iuppa, F.M.Follega, E.Ricci, P. Zuccon, F. Nozzoli, 
R.Nicolaidis, R.Battiston
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Recent analysis with HEPD-01

→ A statistical framework to analyze HEPD-01 ratemeter data

→ two analysis approaches → two targets

→ applied 
to:
  GRB 
detection

applied to: SAA 
analysis

TIFPA people involved
F.M.Follega, A.Perinelli, R.Iuppa, L.Ricci, R.Battiston 14
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GRBs detection with HEPD-01

This analysis framework allowed for the identification of 
Gamma Ray Burst as significative outliers in the particle rate

→ 12 GRBs a posteriori matched with other instruments

→ fluences, T90 and Tpeak have been estimated

→ HEPD-01 GRB catalogue over the full data taking

bkg estimation 
(parametric approach)

bkg subtraction 

“The catalogue of Gamma-Ray Bursts observations by HEPD-01 in the 0.3-50 MeV energy range”, Published on APJ

TIFPA people involved
F.M.Follega, A.Perinelli, R.Iuppa, L.Ricci, R.Battiston 15

Published on APJ
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HEPD-01’s map of the SAA

- Study of geographical position of SAA → energy shift, day/night shift, temporal drift

- HEPD-01’s integral flux estimate → validate AP9 model

Shift of SAA centroid 

Proton integral flux above threshold

“Mapping the South Atlantic Anomaly via charged particle measurement by the HEPD-01 detector on board the CSES-01 satellite”, Published on PRD

TIFPA people involved
A.Perinelli, F.M.Follega, R.Iuppa, L.Ricci, R.Battiston 16

Published on PRD

Synergy with COSI people for bkg estimation 
due to SAA passages
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Time correlation and multi-payload analysis
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TIFPA people involved
R.Battiston, F.M.Follega,C. Neubüser, 
A.Perinelli, R.Iuppa, L. Calzà, 
M.Cristoforetti, M. Babu, D. Recchiuti

Time correlation group searches for space-time correlation between CSES observations 
and external phenomena: i.e. strong earthquakes, lightnings and VLF transmitters.

Correlation PB - transmitters (i.e NWC)
PB - lightnings (WWLLN 2019 - 2022)

Particle Wave Interaction (PB - VLF) PB/VLF - EQ correlation 

LSTM AE DNN

17

Submitted, under revision
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Data analysis with SW events with CSES-01 TIFPA people involved
F.M.Follega, A.Perinelli, R.Iuppa, 
C. Neubuser, R.Battiston 
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Time correlation with Space Weather events

28/10/2021 h17:48

Solar flare (X1.0) 

Flare with Halo CME in region 
AR12887

Flare lasts about 30 minutes

Number of 
anomalous 
events increases 
with solar cycle

Article in preparation

preliminary
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Data analysis of LEP events with CSES-01 TIFPA people involved
C. Neubüser, R.Battiston, D. Recchiuti

19

SCM VLF has 80ms resolution in burst mode.

Lightning strikes from WWLLN associated if: 
● within 120ms before Whistler detection
● within 15º cone around magnetic foot-points

Particle-wave interaction
+

Seasonality compared 
to lighting on earth from 
WWLLN

Whistlers from 1 to 10kHz interact 
reasonably with 100 - 250 keV 

electrons

(slide courtesy of C. Neubüser)

PAPER CLOSE TO SUBMISSION
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Quest for antimatter with HEPD-02 TIFPA people involved
N. Puccetti, F.M.Follega, R.Iuppa, F. Nozzoli 
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Example of annihilation 
process in TR2.

pion star
(isotropic)

anti-D/anti-p
from the top

HEPD-02 may be sensitive to anti-deuterons (anti-protons) in the 
range between 10 MeV/n and 30 MeV/n.

vertex reconstruction
(from sec. tracks)

Antideuteron spectra from J. Heisig et al, DarkRayNet: Emulation of cosmic-ray antideuteron fluxes from dark matter 
Sensitivieties of AMS-02 from F. Giovacchini et al. Cosmic Rays Antideuteron Sensitivity for AMS-02 experiment
Sensitivieties of GAPS from The GAPS experiment: low-energy antinuclei measurements for dark matter searches 

(slide courtesy of Puccetti)

preliminary

preliminary
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R&D for future missions: new detector tests

Fully depleted MAPS: ARCADIA 

Requirements

Pixel pitch [µm] 25

Thickness [µm] 50 - 500

Scalability [cm] Up to ~ 4x4 

Timing resolution [ns] 10

Power consumption [mW/cm2] ~10

Radiation hardness [Mrad] 1

● Better time resolution
● Less charge sharing between pixels
● Innovative readout architecture
● Designed to be space compliant
● Power reduction mode on chip

TIFPA people involved
E.Ricci, R.Iuppa, P.Zuccon,D.Schlewdewitz

21



Limadou Activities @ TIFPA

ARCADIA power consumption characterisation

TIFPA people involved
E.Ricci, R.Iuppa, P.Zuccon,D.Schlewdewitz 22

● The analog line is stable at 6 mA in both the 
modes and is not reported

● For the digital line, we can see some peaks during 
power on (normal mode)

● The setup is not optimised for the reduction of the 
peak consumption

● The current in normal mode is about 40 mA
● When the low rate mode is activated, the current 

goes down to 8 mA
● The total current is then 14 mA on the 1.2 V power 

supply

Current measure setup:
● current probe 

Tektornik TCP 0020
● Lecroy oscilloscope

High rate mode
Low rate mode

Power on (normal mode)
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ARCADIA characterisation results TIFPA people involved
E.Ricci, R.Iuppa, P.Zuccon,D.Schlewdewitz

23

Threshold characterisation:
● Study of the response of different pixels along the 

detector 
● good uniformity along the matrix

Clustering strategies:
● Study of the detector response to 

particle
● Optimization of the clustering 

algorithms
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ARCADIA characterisation results TIFPA people involved
E.Ricci, R.Iuppa, P.Zuccon,D.Schlewdewitz

24

Efficiency higher than 99% 
at working condition

Spatial resolution 
better than 5 µm 

● Results obtained from test beam at FNAL
● All the characteristics are in line or 

exceeding the design requirements
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R&D for future missions: plans

Tower semiconductor new prototypes under test @CERN

● Fully depleted
● The insertion of a gain layer is under study
● Technology improvement from 180 nm of ALPIDE to 65 nm od 

MLR1
○ Improved space management
○ reduction of power consumption

Stitching
Advantages:

● Realisation of wafer scale modules
● Significant reduction of circuit density

To be investigated:
● Long-range power distribution and signals transmission 
● Large number of independent power domains 
● Leakage currents

TIFPA people involved
E.Ricci, R.Iuppa, P.Zuccon, R. Nicolaidis, 
A. Lega, F.Nozzoli
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PROCUREMENT OF 

babyMOSS ONGOING
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Pubblicazioni e presentazioni 2024-2025

9 publication from July 2024 up to today

…at least other six publication at the internal review, close to 
submission or already submitted to target Journals (and 6 
proceedings)

8 presentations (at least) scheduled to the end of 2025

17 presentations given from July 2024 up to today 

26

HEPD-01

HEPD-02
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Anagrafica Limadou 2026
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Limadou TIFPA
Anagrafica 2026
20 persone / 13.1 FTE

Totale = 13.1 FTE

Tempative FTE
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Spese 2025 / Richieste 2026

Richieste 2026
Missioni: 50k (supporto attività post-commissioning, meeting nazionale/internazionale, beam test QM)
Servizi: 5k contributo facility di fascio (test su QM posposti per campagna di lancio)
R&D:  ~42k (DRD tracciatori al silicio nuova generazione, insieme a Torino e Perugia)

28

RD silici spazio
SPESE
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Backup slides

TIFPA people involved
E.Ricci, R.Iuppa, R.Nicolaidis, P.Zuccon, 
F.Nozzoli, A. Lega 29
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Lithosphere complexity and fault models

Studying the fractal geometry of earthquakes distribution

→ non-integer fractal dimension

Local fractal dimension Global fractal dimension

Burridge-Knopoff model of earthquake faults

→electronic analog platform

Chaotic dynamics & noise-induced chaos

TIFPA people involved
A.Perinelli, L.Ricci, R.Iuppa 30
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Limadou HEPD-02 detector activities

TIFPA people involved
E.Ricci, R.Iuppa, R.Nicolaidis, P.Zuccon, 
F.Nozzoli, A. Lega

LYSO calorimeter structure:
● Among the largest LYSO crystal ever 

fabricated 15x5x2.5 cm3;
● Two layers of LYSO bars and a layer 

contains three bars (read-out by two 
PMTs each) ~ 4.3 X0

● Optical features and light propagation 
properties compatible within 5%.

TDAQ
Support in the design of 

HEPD-02 SW automatic in 
flight concerning TDAQ

31

Tracker
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Monte Carlo Simulation of HEPD-02

TIFPA people involved
F.M.Follega, A. Di Luca, E.Ricci, R.Iuppa

32

Truth level information:
● Hit position (x,y,z);
● Hit Edep;
● Detector ID

Digitized information:
● PMTs ADC signal;
● Pixels and 

clusters

32
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Clustering strategies

● ARCADIA MD3 is a triggerless detector
● First step for the analysis is to study the timestamp to reconstruct 

correctly the events
● The existence of long tracks that require several clock cycles to be 

read has to be taken into account
Clustering procedure:

● Dynamic selection of data with contiguos timestamp
● Definiton of frames
● Clustering of pixels

Current status:
● DBSCAN library used for both the time and spatial clustering
● Parameter optimisation ongoing on the available data (beam test 

data, radioactive sources, cosmic rays)
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Clustering strategies
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● First step for the analysis is to study the timestamp to reconstruct 

correctly the events
● The existence of long tracks that require several clock cycles to be 

read has to be taken into account
Clustering procedure:

● Dynamic selection of data with contiguos timestamp
● Definiton of frames
● Clustering of pixels

Current status:
● DBSCAN library used for both the time and spatial clustering
● Parameter optimisation ongoing on the available data (beam test 

data, radioactive sources, cosmic rays)
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Sat EFD Analysis for EQ Forecasting


