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The CSES scientific mission (@/ﬁ:)

LIMADOU #B#& Astro Particle Physics - Laboratory

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

Scientific goals: Interaction with trapped particles

* 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;
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The CSES scientific mission &5 A

LIMADOU #B#& Astro Particle Physics - Laboratory

The CSES mission is a scientific collaboration between Italy and China. Instruments on board CSES-01 satellite

Scientific goals:

Electric Field Detector

High-Energy Particle Detector

* 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;
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The launch of CSES-02 <D a»

LIMADOU #B#& Astro Particle Physics - Laboratory

Jiuquan Satellite Launch Center (Inner Mongolia) 2 ’
on the 14 of June 2025

Long March 2D rocket (

R.Iﬁppa
' RN-INFN of ..
Limadou 4

collaboration
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https://docs.google.com/file/d/10We0DIvgGHUN977NszUE9KBXuEIUYg6v/preview

The CSES mission: multi-pointera @39 42

LIMADOU FIIEE Astro Particle Physics - Laboratory

The new phase of the CSES mission started with the launch of the second satellite the 14 June 2025.
e Anew 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;

Electric Field Detector

* Upgraded platform with CSES-02:
+ system with orbit manoeuvre
capability
+ X-Band Data Transmission

10 KeV 100 keVv 1MeV 10 MeV 100 MeV 1 GeV 10 GeV

120Mbps —150Mbps electrons
« Total Mass: 730kg—900kg 4
- Peak Power Consumption: ~900W
* Design Life-span: 5 years—6 years [ reroor | _pamea >
Con>

1 MeV 10 MeV 100 MeV 1 GeV 10 GeV 100 GeV

¢ Complementary Orbit with CSES-01
» Same Orbit Plane but shifted by

180°;
* Return cycle: 5 days—2.5 days

coes 0 s Protons

HEPD-01

HEPP-L + HEPP-H

CSES-01
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The CSES mission: multi-point era (@@

LIMADOU FIIBE Astro Particle Physics - Laboratory
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CSES-02 (HEPD-02/EFD-02): road to launch @& 59 42

LIMADOU FIIEE Astro Particle Physics - Laboratory

Launch of CSES-02
14/06/2025
Start of constellation era

_ CSES-EFD-02/HEPD-02 » _
Shipment of HEPD-02/EFD-02 interface (TC and automatic B
to DFH (China) procedure) verification CSES-02 Vibration Test

11/12/2023 8-24/01/2024 19-21/04/2024
I I I
I I I I
_ HEPD-02 on board CSES-02 ) & CSEs-02
T Arrival of CSES-02 full Thermal .1l ==  Shipmentto
E HEPD-02/ EF_D'02 functional test Vacuum Test launch site We are here
to DFH (China) 26-28/02/2024 20/07/2024 - 15/05/2025

21/12/2023 Commissioning

started-June 2025

04/08/2024
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LIMADOU FIIEE Astro Particle Physics - Laboratory

Atrticle
The Scintillator Counters of the High-Energy Particle Detector of
the CSES-02 Satellite

Simona Bartocci!, Roberto Battiston®?, Stefania Beole*®, Franco Benotto®, Piero

Characterization and calibration Siptn Sl ol s Co” s oo v e Dot
of HEPD-02 scintillators
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Riccardo N.mlams“" Francesco Nozzoli'?, Alberto Oliva®, Giuseppe Osnem“,
Francesco Palma¢, Federico i78, Beatrice Pani , Stefania

Francesco Perfetto'?, Piergiorgio P.cnzza“"’ Mnchele P ;mﬂ Marco Ricci'®, Marco
Ricci°, Sergio Bruno R.cmnm“ Zoulukh ‘mberto Savino®3, Valentina
Scotti'>13, Enrico Serral®, AI 1volil*®, Pietro Ubertinil?,
Veronica Vilona'®, Sig c n210

IR e e %‘ g ‘ ]
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The High-Energy Particle Detector on board the CSES-02 satellite
SiMONA BarTroccr,! ROBERTO BATTISTON,”? STEFANIA BEOLE,"? FRANCO BeNoTTO,” PIERO CIPOLLONE,® SiLvia CoLr,’ 1l
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Optimized
DAQ for the
HEPD-02

e : tracker
. . The Monolithic Active Pixel Sensors Tracker System of the High -
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Seismo-Electromagnetic Satellite
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Ester Ricci®, 0 Bruno Ricciarini?, Zouleikha "hnoun"’, lmhm Savino"-", Ricci's, Sergio Bruno mcl:mm"’ Zouleikha Sahnoun™®, Umberto Savino*S, Valentina Scotti''3, Enrico Serral®,
Valentina Scottit, Enrico Serra/, Alessandro Sotgiw/, Roberta Sparvoli*/, Pictro Ubertinit, Alessandro Sotgiu®, Roberta Sparvoli'®, Pietro Ubertini'”, Veronica Vilona'”, Simona Zoffoli'!, and Paolo
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HEPD-02 Monte Carlo simulation

LIMADOU

FIBE

Astro Particle Physics - Laboratory

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

(Courtesy of R. Nicolatids)

MC production.

Geant4-based detector virtual model for an Astroparticle Physics experiment: the case of the High-Energy Particle Detector
onboard the CSES-02 satellite
-

ion
Simona Bartocci, Roberto Battiston, Stefania Beolg, Franco ‘5156,\59\1121 Coli, Andrea Contin, Marco Cristo-
foretti, Cinzia De Donato, Cristian De Santis, trache, Francesco Maria Follega, Simone Garrafa Botta,
Giuseppe Gebbia, Robe; om/lau 0 Lolli, Matteo Martucci, Giuseppe Masciantonio, Matteo Merge, Marco
Mese, Riccardo Nicolaldis, S ozzoli, Alberto Oliva, Giuseppe Osteria, Francesco Palma, Federico Palmonari, Beatrice
Panico, Stefania Perciballi, Francesco Perfetto, Alessio Perinelli, Piergiorgio Picozza, Michele Pozzato, Marco Ricci, Ester Ricci,

Leonardo Ricci, Sergio Bruno Ricciarini, Zouleikha Sahnoun, Umberto Savino, Valentina Scotti, Enrico Serra, Matteo Sorbara,
Alessandro Sotgiu, Roberta Sparvoli, Pietro Ubertini, Veronica Vilona, Simona Zoffoli, Paolo Zuccon
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TROPix: A parametric tool reproducing the output of the HEPD-02

, Franco Benotto®, Piero

)
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Astro Particle Physics - Laboratory

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

HEPD-02 evReco (with DL)

Impact positions

) Dashboard CSES .

Data Selection ~ PMT

01/01/1970

Direction Detector

—> 30/06/2025

Trigger

Diagnostic

Latitude:

Boards

Daily Report  Expert

username

Preparation of good ruw Ilsts

tool

Login to the HEPD-02 online monitoring I

Trained on HEPD-02 Digitized/Tuned Gl e+ and semtate
Simulation @ produced at CNAF Input from track residuals Filename Date Time path If you think you should have the access, please
contact the admin
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images = =
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lf
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energy reconstruction

TIFPA people involved

F.M.Follega, E.Ricci, A. Di Luca, R.luppa, A. Perinelli, R. Nicolaidis, C.
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LIMADOU FIIBE Astro Particle Physics - Laboratory

LYSO crystals allow for detection of New physics case enabled:
high-energy photons > 2 MeV

10% . . . . * Dedicated GRB triggers for HEPD-02

— FermiGBMBGO « Ev. acquisition/counting mode;
No INTEGRAL T DemosuNal « Time resolution ~ 5 ms
form 28/02/2025 —— HEPDO1 x 10
% 17504 Lightcurve from Fermi/GBM (50 — 300 keV)

= = HEPD02

-

o
w
T

1000 fapdlingt

75047 ¢

Time from merger (s)

On-Axis Effective Area [cm?]

" 5
102 L \\ A
\ ©
\ 400
N E E
v 2 L
L / / 1 1 \ gzu g
102 102 10" 10° 10° 102 8 | i s
Energy [MeV] N

) 5 10 15

o 40 6 25 30 3 4o
s;

o 80 100 S
Time (s) Time (s)

HEPD-02 ~ 10 x eff.area HEPD-01
HEPD-02 count sampling freq 200 Hz, while HEPD-01 1Hz GRB trigger a|gorithm tested and
designed in Trento

TIFPA people involved . . e
F.M.Follega, R.luppa, E.Ricci, F. Nozzoli, A. Lega 11 Limadou Activities @ TIFPA




In-flight tuning during commissioning

FIIER  Astro Partcle Physics - Laboratory

LIMADOU

) Run Number: 3089 Deposited Energy:

INEN CNAF U Event Index: 77 64.25 MeV

Trigger Mask: 0x00958720
several months to Time: 2025-06-24 13:52:07.747859955

U-
— reach nominal/ideal
Chinese GS J:( ASI SSDC ]U acquisition

First in flight rates measured by HEPD-02

TR1TR2_Rate_Measured

. Event display of particle acquired during the first orbots with HEPD-02
Flight data are used to tune HEPD-02 parameters piay ofp 9 I
Boot Number: 344
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TIFPA people involved
R.luppa, F.M.Follega, E.Ricci, P. Zuccon . o ey
F. Nozzoli, R.Nicolaidis, R Battiston Limadou Activities @ TIFPA
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GRB algo tuning in-flight &H))

LIMADOU #B#& Astro Particle Physics - Laboratory
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TIFPA people involved

R.luppa, F.M.Follega, E.Ricci, P. Zuccon, F. Nozzoli, . . ege
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Recent analysis with HEPD-01 . I
LIMADOU FIIEE  AstroPartcl Physics- Laboratory
— A statistical framework to analyze HEPD-01 ratemeter data
— two analysis approaches — two targets
remetaE A s e s :
time series background outlier i
DATASET ....... t Iat |On —*++ _) applled
time window il . tOI
[to-tB, to + tal | rate[0..8] | .......................
GRB
detection

overflow data quallty
correction tagging

WEATHER
CONDITIONS

day-by-day info:
QUIET, DISTURBED, STORM

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

time window

[t1,t2]

B spatial | background i
mapping model

"integrated backg[iund "analysis

applied to: SAA
analysis

outlier
detection [
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GRBs detection with HEPD-01 &> A7

LIMADOU FIIEE Astro Particle Physics - Laboratory

o

GRB190114C GRB1901298

300 e 20 =

— INTEGRAL SPIAGS x 141
+ HEPDOL-(0.3,50] Mev

Number of Parameters in the World Map - 2022-04-22 UTC

o

!
i 5 g
k] <
g : .
2 : bkg subtraction
? :tﬂp‘oly old 1, res = 36.931156818282176 ++
-80__~
-150 -100 =50 0 50 100 150 - +
gitud@deg] B
200 + +
on £ | bt — b
(parametric approach) 7t

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

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

TIFPA people involved . . e
F.M.Follega, A Perinelli, R.luppa, L.Ricci, R.Battiston 15 Limadou Activities @ TIFPA




HEPD-01’s map of the SAA &H A

LIMADOU FIIEE Astro Particle Physics - Laboratory

. oy . . . . Synergy with COSI people for bkg estimati
- Study of geographical position of SAA — energy shift, day/night shift, temporal drift due to SAA passages

- HEPD-01’s integral flux estimate — validate AP9 model
Rate (Hz) Shift of SAA centroid

13 MeV (p), 0.8 MeV (e) *
29 MeV (p) *
46 MeV (p)
60 MeV (p) *

60°

g’ 30° 143 MeV (p)
D
[} 0°
2 25
§ 30 0 .
- . Proton integral flux above threshold
'60 - = -27°
-180° -120° /-60° 0° 60° 120° 180° \ \ %
(b) Longitude A (dea) 10 [] i E
§, e ‘ -60° -55° T E
'E
500000 L
) LI APS-AES, Ioc. fluct.
102 | AP9-AE9, geo. var. i
) HEPD-01 re= ‘
<0 . oy S0 40 1 01 1 02
Longitude (deg) E‘h (Mev)

“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.luppa, L.Ricci, R Battiston 16 Limadou Activities @ TIFPA




TIFPA people involved

Time correlation and multi-payload analysis | Batson Fralessc Neubiser

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.

High-Energy Particle Detector

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

HEPPL (ch 5) 2021/09 10
elec ergy: 0.10-0.15MeV.

L ”WW W

_{_j i p;
k\\

s IMev-1]

e

latitude [*]

0

!

Iti-payload and
nulti satellite
strategy

<log(flux)> [em~?sr*

W////ﬁw/ ,/,,{//@’Z

- \\\\&2}3‘ i N u m\"ﬂ
\Article ‘P
Particle Wave Interaction (PB - VLF) PB/VLF - EQ correlation CSESpy: A unified framework for l; fﬂ\ypgns ﬁe payloads
vt e on board the CSES satellite
= b (ke
NN R (\
i o™ Ak S LSTMAEDNN ..
:' ) % . é 2 ,__,r,;.k,,rh. ; _—
i - = S - e——
. - | et
§ I ;.‘» ——————— .
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Data analysis with SW events with CSES-01

TIFPA people involved
F.M.Follega, A.Perinelli, R.luppa,
C. Neubuser, R.Battiston

coNomoNs
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e

ude (deg)

1000

DRAFT VERSION JUNE 30, 2025

Typeset using IATEX twocolumn style in AASTeX631

10X}
Characterization of Major Solar Events with the HEPP-L Particle afatmo dliring

Solar Cycles
\
e ‘ K ABE RACT

. \
pcticle —
weather research. The China Seismo-Electromagnetic Satellite (CSES-01), a low-Earth orbit mission

N
&
8

4
5 impact of solar disturbances on the Earth’s ionosphere is essential for space
s
7 equipped with a comprehensive suite of nine scientific instruments, plays a critical role in this do-

—T
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H
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with solar cycle

200
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Time correlation with Space Weather events
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e
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Data analysis of LEP events with CSES-01

TIFPA people involved
C. Neubiser, R.Battiston, D. Recchiuti

(slide courtesy of C. Neubliser)

Search-Coil Magnetometer

Particle-wave interaction

precipitating
electrons

“electron
gyromotion

X csesor

-20{ ¢

3 lightning +0.2min
associated lightning 1000]
v magn. footpoint South
s magn. footpoint North

w1~

A87a a8 s e

%

longitude [*]

SCM VLF has 80ms resolution j

100 110

L
Pﬁﬁc

Lightning strikes from WWLE\J associated if:

within 120ms before Whistler detection
within 15° cone around magnetic foot-points

(true %
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400 1 true
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7910 true/6988 fake pairs
300
200

Whistlers from 1 to 10kHz interact
reasonably with 100 - 250 keV
electrons
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—0.51 ' . o 0%
100 -75 =50 §>° s
% 200 15 é
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. . c 1.0 =
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9) TIFPA
A

TIFPA people involved
(slide courtesy of Puccetti)

N. Puccetti, F.M.Follega, R.luppa, F. Nozzoli
10-3 Cosmic Antideuteron Flux
o oy =10 G R Example of annihilation
los] mom =100 GeV: x¥->bb-D +X e process in TR2.
—-= Secondary Antideuterons P
AMS-02 TOF (0.2-0.8 GeV) SN
s AMS-02 RICH (2.2-4.2 GeV) e \
107 4 -, \
_ | GAPS (50-250 MeV) ’,f’ ‘\
T HEPDO2 (10-30 MeV) -7 Y
~ 10-6J — BESSIimit (163-1100 MeV) e %, . .
% PPN = anti-D/anti-p
E o] - ) - from the top
T PO Y
El BT /1
£ ST 7\
3 10847 !
% B i e - \‘
- ! ertex reconstructi§n s p—
109 4 e \‘ Z coordinate, distance cut < 5 mm
- \ (from sec. tracks) i
1 R2
1 RANO-RAN3
~ T \ RANGRAN?
3 preliminary ' D "
\‘ I
= ' ; : ! I pion star
10 10-2 101 10° 10 — | P :
E/nuc [GeV] . ) (isotropic)
HEPD-02 may be sensitive to anti-deuterons (anti-protons) in the
range between 10 MeV/n and 30 MeV/n.
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

150 200

I
250 300 350 400
Z coordinate of the vertex [mm]
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TIFPA people involved

R&D for futu re miSSionS: neW deteCtor teStS E.Ricci, R.luppa, P.Zuccon,D.Schlewdewitz

Fully depleted MAPS: ARCADIA

Pixel array

nwell guard ring Peripheral

\ electronics

el

Sensing electrodes

n-sub

Backside contact metal

Vo7
Substrate contacts

p+
/ \‘ guard rings

" sio2

Better time resolution

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

I N

Pixel pitch [um] 25
Thickness [um] 50 - 500
Scalability [cm] Up to ~ 4x4
Timing resolution [ns] 10

Power consumption [mW/cm?] ~10

Radiation hardness [Mrad] 1
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: ARCADIA power consumption characterisation

4

)

e s N
Cx TIFPA 5y

P
o™ LIMADOU #IBE

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

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

Power on (norma| mode) e 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
e The total current is then 14 mA on the 1.2 V power

supply

éngh rate mode Current measure setup:

e current probe
Tektornik TCP 0020
e Lecroy oscilloscope

Low rate mode

TIFPA people involved
E.Ricci, R.luppa, P.Zuccon,D.Schlewdewitz
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ARCADIA characterisation results D B o oD Schlewdewits

5% — Middle Threshold vs Qin (all pixels) C|USter|ng Strategles
ol <+ 200 e Study of the detector response to
o f2ases particle
i e Optimization of the clustering
e algorithms
g Clustersize Distribution
é 240 10‘ ]
200 103 1
g 107 4
160 (v}
! | | | | ! W
0.2 0.4 0.6 o [fc]0.8 1.0 12
Threshold characterisation: w3
e Study of the response of different pixels along the
detector 07 1 —1
e good uniformity along the matrix ? = iy T =
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ARCADIA characterisation results TIFPA peoble Involved

E.Ricci, R.luppa, P.Zuccon,D.Schlewdewitz

1.000 =
— e o —— e Results obtained from test beam at FNAL
B e Gl - S gmcermseny o e
f e All the characteristics are in line or
exceeding the design requirements
] Efficiency higher than 99%
j at working condition G 46 R
Foykagaadl —@— column a
& 0.0053 1 —¢— row y
B oseo 0.0052 1
Spatial resolution 4
0.975 — 0.0051 A
E better than 5 ym
E 0.0050 -
09701 » -4~ all matrix [0,512] 5 ;
-4~ cut matrix [5,507] % 0.0049 1o ' %
-4~ cut matrix [10,502] oy ° ? o
LA 100 200 300 400 500 0.0048 - \\ C
distance in pixels for cut on detl |
0.0047 . . >
Effici _ # 3 layer coincidences ! ..0
fficiency = # 3 layer coincidences + #2 layer coincidences Baer]

0 2 4 6 8 10 12 14 16 18 20
VCASN
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TIFPA people involved

&p ™ R&D for future missions: plans Loy o ool

Tower semiconductor new prototypes under test @CERN bl S
y (1 of 6) (1 of 6)
Gap in deep n-implant: Additional p-implant:
-6V 0.8V -6V -6V 0.8V -6V ?
= O

P-type epitaxial layer

Backside voltage Ba

Stitching

e  Fully depleted ?@ 0
e  The insertion of a gain layer & under stud Advantages:
\;L IDE to 65 nm od

e  Technology improvement from 180 e  Realisation of wafer scale modules

MLR1 e  Significant reduction of circuit density
o  Improved space man&nent To be investigated:
o  reduction of power consumption e Long-range power distribution and signals transmission

e Large number of independent power domains
e Leakage currents
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Pubblicazioni e presentazioni 2024-2025

LIMADOU

») ,

FIBE

Astro Particle Physics - Laboratory

8

presentations (at least) scheduled to the end of 2025

9 publication from July 2024 up to today

HEPD-01

HEPD-02

2025 SIF ~ | A Novel Analysis of Particle Bursts with the CSES-01 Satellite L. Calza talk
2025 SIF ~ |Deep Learning Model for ifying Seismic-Induced ic Electric Field Perturbations M. Babu talk
2025 SIF v ling Cosmic with HEPD-02: A MAPS-Based Detector Aboard CSES-02 N. Puccetti talk
2025 COSPAR Sy ~ |Observation of electron bursts in with Terrestrial Gamma-ray Flashes (TGFs) by the High-E C. Neubuser  |talk 2024 | Astroparticle Physics of I rgy, trant albedo protons by the HEPD-01 spa 10.1016/j.astropartphys.2024.102993
2025 COSPAR Syt ~ | The High Energy Particle Detector (HEPD) onboard the CSES ites: a space weather monitor C. Neubuser |talk 2024 | The Astrophysical Journal ft Observations of Protons and Helium Nuclei in Some Solar E| 10.3847/1538-4357/ad7395
2025 ICRC ~ |In-depth analysis of selected major solar events with the HEPP-L particle detector onboard CSES-01 in | A. Perinelli talk 2024 | The Astrophysical Journal | The Catalogue of Gamma-Ray Burst Observations by HEPD-01 in the 0.3-50 | 10.3847/1538-4357/ad822c
2025 ICRC ~ |Advancing Solar and Heliospheric Studies with the CSES Programme R. luppa talk 2024|Remote Sensing The Scintillation Counters of the High-Energy Particle Detector of the China| 10.3390/rs16213982
2025 ICRC ~ | Time and energy resolved detection of gamma-ray transients with the High-Energy Particle Detectors ol R. Nicolaidis talk 2025 Physical Review D the South Atlantic y ged particle with the | https://doi.org/10.1103/PhysRevD.111.022001
2025|IEEE (TIM) Trigger and data of the High-Energy Particle Detecto| 10.1109/TIM.2025.3555671
2025|JINST of the power supply of HEPD-02 il on board CSES-0210.1088/1748-0221/20/06/P06005
- - 2025 |NIMA TROPiIx: A parametric tool reproducing the output of the HEPD-02 pixel dete| https://doi.org/10.1016/j.nima.2025.170756
17 presen tations gl ven fr om J u Iy 2 02 4 up to to day 2025|IEEE (MAES) The Monolithic Active Pixel Sensors Tracker System of the High Energy Par{ 10.1109/MAES.2025.3568361
< 2025|NIMA New of light yield in EJ-200 and LYSO scintil 10.1016/j.nima.2025.170612
2025 ASAPP ~ |Event reconstruction strategies for the High-Energy Particle Detector (HEPD-02) onboard the ready-to-l{ A. Perinelli poster 2025| The Astrophysical Journal | Multi-spacecraft Observations of the 27-day Periodicity in Galactic Protons f Accepted
2025 ASAPP v |A il ic Active Pixel Sensors for space results form the ARCADIA MD3 den E. Ricci talk
2025 EGU ~|A istical study of lighting-induced electron (LEP) events observed by the CSES-01 satellite |C. Neubuser talk
2024 AGU o i of whistler waves in the top-side i D. Recchiuti talk
2024 TEVPA ~ | Space weather and a data-dri pp! M. Cristoforetti |talk
2024 PIXEL ~ | The first MAPS based tracker for space E. Ricci talk
2024 RICAP ~ | Results from the space-borne High Energy Particle Detector (HEPD-01) after 6 years in orbit A. Perinelli talk
2024 ECRS > per of the HEPD-02 detector onboard the CSES-02 satellite E. Ricci talk . . . . .
Gamma Ray Bursts detection with the CSES satelites: recent findings and future outlook with the Limadou ...at least other six publication at the internal review, close to
2024 ECRS ~ |High Energy Particle Detectors F. M. Follega talk
Wediaiop submission or already submitted to target Journals (and 6
Proton .
Beam Line , - proceedings)
2024 Facility” ~ | The beam test journey of the HEPD-02 detector at Trento Proton therapy center E. Ricci talk
Advancements in Earth Observation with CSES-02: HEPD-02 and EFD-02 as Cutting-Edge Non-Imaging
2024 IAC ~ |Instruments R. luppa talk
2024 IAC ~ | The CSES : non imaging Earth remote sensing for natural hazards R. Battiston invited talk
2024 IAC ~ | KEYNOTE: Earth orbiting small towards using the Earth surrounding layers R. Battiston talk
2024 COSPAR v { of whistler waves in the top-side i a physical based method D. Recchiuti talk
Assessment of charged particle fluxes within the South Atlantic Anomaly with the HEPD-01 detector on
2024 COSPAR ~ |board the CSES-01 satellite A. Perinelli talk
2024 COSPAR v of nine Gamma Ray Bursts with the HEPD-01 detector on board the CSES-01 satellite F. M. Follega talk
Advancements in Gamma-Ray Burst science with High Energy Particle Detectors on CSES Satellites: current
2024 CRIS ~ |status and R. luppa talk
2024 URSI ~ | Automatic detection of whistler waves in the top-side ionosphere: a physical based method D. Recchiuti talk

Limadou Activities @ TIFPA




Anagrafica Limadou 2026

748 »

V7,

LIMADOU FIIEE Astro Particle Physics - Laboratory

Limadou TIFPA

Anagrafica 2026
20 persone / 13.1 FTE

Tempative FTE

Cognome Nome Qualifica Funding LIMADOU (FTE)

Calza Lucas PhD SST 1
Recchiuti Dario Postdoc SIU 1
Perinelli Alessio RTDa UniTn 1
Neubuser Coralie Tecnol. TD INFN 1
Mascione Daniela Postdoc FBK 1
Babu Megha PhD finisce SST 1
Nicolaidis Riccardo PhD finisce UniTn 0,7
Puccetti Niccolo' PhD Fisica 0,7
Battiston Roberto PO UniTn 0,7
Lega Alessandro Postdoc FBK 0,7
Novel David Ric. TD FBK 0,7
Schledewitz David PhD SST 0,5
luppa Roberto PA UniTn 0,5
Follega Francesco RTDa UniTn 0,5
Ricci Leonardo PA UniTn 0:5
Di Luca Andrea Ric. TD FBK 0,5
Giordano Davide RTDa SIU 0,4
Tosi Paolo PA UniTn 0,3
Zuccon Paolo PA UniTn 0,2
Ricci Ester RTDa UniTn 0,2

Totale =13.1 FTE

27
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Spese 2025 / Richieste 2026 (@ A")

LIMADOU FIIEE Astro Particle Physics - Laboratory

RD silici spazio

SPESE .
Titolo:
voce di spesa Stanzi ato Innovative silicon radiation detectors for future space applications
P di riferimento:
Strumenti tecnico-specialistici 24.500,00€ -€ ersona '_n e_n_me_m °
R. luppa — Universita di Trento e INFN - TIFPA
Viaggi e Missioni 65.000,00€ 17.876,00€ Altre persone coinvolte:
Altri servizi 5500,00€ -€ Gruppo di Trento: P. Zuccon, F. Nozzoli, E. Ricci, D. Novel, L. Ricci, A. Perinelli
Attrezzatu re SCientifiChe 7000’00€ _ € Gruppo di Perugia: M. Duranti, G. Ambrosi, M. lonica, M. Barbanera, G. Silvestre
Gruppo di Torino: S. Beolé, S. Coli, U. Savino, S. Bufalino, M.Masera
Altri gruppi o enti coinvolti:
Parte del gruppo Limadou. Parte del gruppo HERD-DMP. Altri colleghi da Universita di
Trento, INFN-TIFPA, Fondazione Bruno Kessler, INFN - Perugia, Universita di Perugia,
Universita di Torino, INFN-Torino
Richieste 2026
Missioni: 50k (supporto attivita 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)
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LIMADOU FIBEE Astro Particle Physics - Laboratory

Backup slides

TIFPA people involved

E.Ricci, R.luppa, R.Nicolaidis, P.Zuccon, 29 Limadou Activities @ A
F.Nozzoli, A. Lega TIFP.




Lithosphere complexity and fault models (q};)/ﬁ'-)

LIMADOU #B#& Astro Particle Physics - Laboratory

Studying the fractal geometry of earthquakes distribution Burridge-Knopoff model of earthquake faults

— non-integer fractal dimension —electronic analog platform

Local fractal dimension Global fractal dimension
90° : ; : , R — —— — (@) : : —e s
ters, I ° o _ _ Fo
60° Epicenters, F2 re . 16 - Vig=050V,6=0V s os| |
' Epicenters, E3 tei T o5k
ﬂ 40 || Hypocenters, F3 gk
o 30° Hypocenters, E3 1= 15
! - . 1.2 [
= ° 30 |- 15 -
= 0 f 1 -
%] < | \ I
=30 20 | <. 08 " ‘ /| ‘
> i =4
-60 i 10 04 - 0 20 40 60 80 100
—-90° 1 1 1 L ! Il H(me)
—180° -120° —60° 0° 60° 120° 18C 0 ! T |
(c) longitude S 11 12 13 14 0r
Global fractal dimension ¥

TIFPA people involved . . .
A.Perinelli, L.Ricci, R.luppa Limadou Activities @ TIFPA
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LIMADOU FIIBE Astro Particle Physics - Laboratory

LYSO calorimeter structure:

e  Among the largest LYSO crystal ever
fabricated 15x5x2.5 cm3;

e  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%.

HepD-02 Pixel Tracking Turet
HANDLE WITH CARE

TDAQ
Support in the design of
HEPD-02 SW automatic in
flight concerning TDAQ

0011
0010
0009

.
0.008 .

Spatial resolution (mm]

® e
.
0.007

80 100 120 140 160 180 200 220
Nominal beam energy [Mev]

TIFPA people involved

E.Ricci, R.luppa, R.Nicolaidis, P.Zuccon, 31 Limadou Activities @ TIF‘PA
F.Nozzoli, A. Lega
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Monte Carlo Simulation of HEPD-02

LIMADOU FIIEE Astro Particle Physics - Laboratory

Photocathode Focusing Photomultiplier
o electrode tube (PMT)
track
|
|
nnnnnn 9y
photons
Scintillate Primary Secondary  Dynode Anod:
lectron  elect

PMTO PMT1
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| NPEy;, = F(ERTyx face(xhit, yhity i

i=1
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t ode TR
TROPix

Mapping code

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

Digitized information:
e PMTs ADC signal;
e Pixels and
clusters

STEP1

Pixel generation + charge
diffusion

STEP2 Remapping to HEPD-02
tracker pixel coordinates
| I | I ]
I I I I 1
0x74 0x73 0x72 0x71

0x79 O0x7A 0x7B

(6) @ (8)

TIFPA people involved
F.M.Follega, A. Di Luca, E.Ricci, R.luppa
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LIMADOU FIIEE Astro Particle Physics - Laboratory

[suun $3] 051 - 91

[s3un s3] 0s3 - 3

e ARCADIA MD3 is a triggerless detector
e First step for the analysis is to study the timestamp to reconstruct
correctly the events
e The existence of long tracks that require several clock cycles to be
read has to be taken into account
Clustering procedure:
e Dynamic selection of data with contiguos timestamp
e Definiton of frames
e Clustering of pixels
Current status:
e DBSCAN library used for both the time and spatial clustering
e Parameter optimisation ongoing on the available data (beam test
data, radioactive sources, cosmic rays)
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[suun $3] 051 - 91

[s3un s3] 0s3 - 3

e ARCADIA MD3 is a triggerless detector
e First step for the analysis is to study the timestamp to reconstruct
correctly the events
e The existence of long tracks that require several clock cycles to be
read has to be taken into account
Clustering procedure:
e Dynamic selection of data with contiguos timestamp
e Definiton of frames
e Clustering of pixels
Current status:
e DBSCAN library used for both the time and spatial clustering
e Parameter optimisation ongoing on the available data (beam test
data, radioactive sources, cosmic rays)
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Sat EFD Analysis for EQ Forecasting @& 39 A:?

LIMADOU FIIEE Astro Particle Physics - Laboratory

* Data and Feature

*Source: DEMETER satellite (ICE mission), Ionospheric electric field time series from VLF power spectrum
(cdpp-archive.cnes.fr)

*Features: 11 frequency bands (<3 kHz) extracted for analysis
* Methodology

*Anomaly Detection: Leveraged Deep Learning (LSTM Autoencoder) to identify anomalies in the time series data.

*EQ Association: Correlated detected anomalies with earthquake events within a defined spatial (20 ° square width along the orbit) and temporal
windows (48 hours following the orbit)

Seismic Anomaly Ratlo with Binomial Emror and Total Anomalies Count: Test Data

* Key Findings

expectations.

* As shown in the figure, certain frequency band features are displayed { !
higher deviations beyond the 68th percentile interval of the random [ £
sampling test. suggests that anomalies in specific frequency bands E
of the ionospheric electric field may carry meaningful precursory
signatures linked to seismic activity.

* Observed anomaly-to-earthquake association ratio exceeded random 2 l

naly Ratio: P(S/A) (

Feature
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