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The CSES scientific mission

The CSES-Limadou program is a collaboration between Italy and China.

Scientific goals:
• Investigate the ionosphere and gather world-wide data;
• Measure the particles and plasma perturbations of the 

atmo/iono/magnetosphere (natural sources and anthropic emitters);
• Study solar-terrestrial interactions and solar physics phenomena: CMEs, SEPs, 

solar flares;
• Study low energy cosmic rays;
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The CSES-01 Satellite

The China Seismo-Electromagnetic Satellite is a sophisticated 
multi-channel space observatory. 

- Launched on the 2nd of February 2018;

- Sun-Synchronous orbit at 500 km;

- Equipped with 9 instruments, among them the 
High-Energy Particle Detector (HEPD-01)

-  Payload operation range -65°/65° lat
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The High Energy Particle Detector HEPD-02

HEPD-02 is designed to measure fluxes of charged particles: mostly electrons (3-100 MeV) 
and protons (30-300 MeV) and heavy nuclei in a wide range of energies.
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Detector subsystems:

- the tracker system - pixel
- two trigger planes - EJ200
- the calorimeter - plastic scintillator 

tower (12 planes) + two layers of 
LYSO inorganic crystals 

- the veto system - EJ200

Nuclei

HEPD-02 HEPD-02

HEPD-01
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Deep Learning event reconstruction HEPD-01
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Training of Deep Neural networks

Training set (MC based) 

Typically event reconstruction is a set of supervised task: PID classification, energy and direction regression 

Energy/momentum 
of the primary particle

Incoming direction
of the primary particle
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Truth level information:
• Hit position (x,y,z);
• Hit Edep;
• Detector ID

TROPix (pixels) 
+

Mapping code 
Pixel generation + charge 

diffusionSTEP1

Remapping to HEPD-02 
tracker pixel coordinates

STEP2

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

HEPD-02 simulation scheme
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HEPD-02 simulation production
All steps of the HEPD-02 simulations are performed at CNAF and all the simulation outputs are stored in the storage area

Protons

Electrons

Nuclei 
(up to iron)

…

Level1
Truth level

Level2
Cluster generator

100 M events
per PID 

N parallel jobs 
~ 100k events

N parallel jobs 
~ 100k events

Level3
Digitization

Full Production
(~2 TB)

Simulation scheme designed to be robust to reprocessing and resource effective (heaviest part at the beginning) to avoid multiple 
reprocessing at each small change of the chain

HT condor
parallel sub
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Preprocessing and selections

Preprocessing of training MC samples is performed @ CNAF 

FULL MC 
simulation

electrons and 
protons

First level reconstruction

Fiducial selection for good quality events

RAW feature
from calo

HL features 
from tracker + 
cluster images~ 500 GB

~ 5 GBSkimming

StdScaling

Singularity
image
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Deep learning event reconstruction for HEPD02
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plane

Data from pixel tracker as images
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Training of models @ RECAS

Online monitoring of model
performance and storage of 

trained models

Usual request (one job):
- 16 CPUs
- 2 GPUs (NVIDIA A100)

Kinetic energy reconstruction - regression

Particle identification - classification
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HP optimization of DNN

We run a grid search to optimize the deep neural network architecture/training
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Performance in primary energy reconstruction

Preliminary Preliminary Preliminary
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Performance particle identification

HEff - WP

HRej-WP
3 class classifier (e, p, heavy nuclei)

WP optimization on going!
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Training on real data: domain adaptation 

DL-algorithms are trained on large samples of MC data and tested on real data, Deep Neural Networks need to be insensitive to Data/MC differences

(+) Huge statistics
(-) Modelling uncertainties

(-) Limited statistics
(+) No modeling uncertainties

accuracy

Training iteration

Test MC
Test data - w DA
Test data - w/o DA
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Summary and conclusion

DL research activity for Limadou HEPD is carried out with and 
thanks to INFN computing infrastructure:

• Simulation and data preprocessing are carried out @CNAF;

• Training of DNN and test on simulated data @RECAS 

- recently established a possibility of direct connection CNAF<-
>ASI/RECAS via a storage area webdav.

Next steps will be performed in the next months:

• Moving the model deployment phase on shared INFN cloud 
machines: VM with sing/docker images or Jupyter Notebooks.

• Validation and training of the DL evReco using test beam data: 
Proton Therapy (Trento), BTF (Frascati), CNAO (Pavia).

Test phase and 
fast model deployment 

Large scale sim and 
 data pre-proc 

GPUs used for DNN 
extensive training
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