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Laser plasma wakefield acceleration (LWFA)

2Picture: H.T. Kim et al. Multi-GeV Laser Wakefield Electron Acceleration with PW Lasers Appl. Sci. 2021, 11, 5831.

Electron beam energy: 
MeV — tens of GeV



Radiation source based on 
plasma acceleration of electrons

3F. Albert, A. G. R. Thomas Laser wakefield accelerator-based light sources: outlook on applications

X-rays

γ-rays



PALLAS Project
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Test facility for laser-plasma injector 
optimisation towards RF control reliability

In the context of advanced accelerator high quality beam laser plasma injector (LPI) for 
EuPRAXIA [1] preparatory technical design phase and future high gradient accelerator R&D at 
IJClab [2]: 10 Hz 250MeV LPI test facility to improve quality and stability of e- beam generated 
by laser-plasma accelerator. 

[1] Assmann, R. W. et al. EuPRAXIA Conceptual Design Report. Eur. Phys. J. Spec. Top. 229, 3675–4284 (2020). 
[2] pallas.ijclab.in2p3.fr
[3] Drobniak, P. et al. Random scan optimization of a laser-plasma electron injector based on fast particle-in-cell simulations. Phys. Rev. Accel. Beams 26, 
091302 (2023), Drobniak, P. et al. Two-chamber gas target for laser-plasma accelerator electron source. Preprint at http://arxiv.org/abs/2309.11921 (2023). 
[4] C. Guyot et al. Benchmarking CODAL beam dynamics code: a laser plasma case study, IPAC 2023 WEPL084

Plasma target development [3]
- testing various gas cell type
- Continuous flow 
- In-lin integration 

Beam Transport [4]
- compact flexible capture
- active plasma lens capture test  
- collimator system for energy selection 

e- beam compact 
characterization
- down to 500 keV energy 
- resolution emittance 
- longitudinal phase space
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Gas flow simulations

Gas density profile generated 
using OpenFOAM code

Drobniak, P. et al. Phys. Rev. Accel. Beams 26, 091302 (2023), Drobniak, P. et al. Preprint at http://arxiv.org/abs/2309.11921 (2023). 

First chamber (with N2 gas dopant) is used for injection, 
while the second one (pure He) for acceleration
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PIC simulations

Drobniak, P. et al. Phys. Rev. Accel. Beams 26, 091302 (2023); G. Kane et al.arxiv: https://doi.org/10.48550/arXiv.2408.15845

PIC simulations with SMILEI
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Dataset and first ML model generated by PALLAS

A modeling of the full beamline using 
Geant4 is required for collimator design 

Key idea: 
ML model into Geant4 to create a Geant4 electron 

beam source based on plasma acceleration

PALLAS Project: ML



ML: the model
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Model: "sequential"

 Total params: 9,092 (35.52 KB)

 Trainable params: 9,092 (35.52 KB)

 Non-trainable params: 0 (0.00 B)

model input model outputpressure

normalized peak 
vector potential

laser focal
position offset

 dopant concentration

beam charge

beam energy

beam energy 
spread

 beam emittance



ML
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Rescaling

Model from large & 
fast PIC simulations



10

Model on python
with ONNX

Model on G4
with ONNX

Correspondence OK

ML
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From real values, each parameter is 
rescaled according to min/max 

transformation

ML



PALLAS in GEANT4

Modelization on GEANT4 :
• Modelization of PALLAS [via STEP files]

Fichier STEP

Visualisation GEANT4
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Convertion from STEP 
files into GDML using 

FreeCAD software



Simulation

Modelization on Geant4 :
• Modelization of PALLAS [via STEP files]
• Implementation MultiThreading
• Implementation collimators for studies
• Implementation documentation

Simulation available on 
personal GitHub :
https://github.com/ahuber3
3/PALLAS_Collimateurs_Sim
ulation/tree/main

Simulation also available on 
official GitLab PALLAS :
https://gitlab.in2p3.fr/
pallas/design/-/tree/main?
ref_type=heads
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huber@cenbg.in2p3.f
r

https://github.com/ahuber33/PALLAS_Collimateurs_Simulation/tree/main
https://github.com/ahuber33/PALLAS_Collimateurs_Simulation/tree/main
https://github.com/ahuber33/PALLAS_Collimateurs_Simulation/tree/main


Modélisation
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Modelization on Geant4 :
• Modelization of PALLAS [via STEP files]
• Implementation MultiThreading
• Implementation collimators for studies
• Implementation documentation



PALLAS in GEANT4

Modelization on GEANT4 :
• Modelization of PALLAS [via STEP files]
• Implementation MultiThreading
• Implementation collimators for studies
• Implementation documentation

• ML model for particles generation
 [collaboration with IJCLab & INFN]

• ML model by IJCLab
• ML implementation in Geant4 using ONNX by INFN

• Implementation of tracking in optics (quad)
• Submission of the example into Geant4
• Development of more complex neural network models

(GP-based surrogate model, ...)
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Thank you for attention!
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