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• Exascale PIC
• WarpX
• PIConGPU

• Integrated Infrastructure – Software and Facilities
• virtual facilities / digital twins
• integration with experimental facilities
• synthetic diagnostics
• machine learning
• standards:  code coupling, code integration, workflows, online models, ML

• Reduced models:
• quasi-static & cylindrical PIC
• MHD for plasma channel formation
• beam loading in TW linacs

• PIC algorithms
• ionization physics
• current deposition
• particle pusher
• moving towards strong-field QED

• Other algorithms
• Vlasov with mesh refinement
• differentiable computing
• high-power laser amplifiers

• Simulation of experiments

Outline
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Exascale PIC
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Exascale PIC
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Exascale PIC
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Exascale PIC
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Exascale PIC
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Integrated Infrastructure – Software and Facilities

Snowmass21: Computational Frontier (CompF) report executive summary
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Integrated Infrastructure – workflows & standards

Now that we have Exascale, what can we do with it?
PIConGPU for next generation Accelerator Research

           
          

           
              

         

Standardization, testing and workflows

Simulation by

any PIC code implementing
PICMI and openPMD standards

common interface

defines model

common data

standard for I/O

Challenges:
Standardization of
Code architectures,
implementation details
and physics capabilities

More data
Digital
Twins

Complex workflows, streaming data

          
    

Michael Bussmann, Alexander Debus, Thomas Kluge, René Widera, Richard Pausch, Klaus 
Steiniger, Fin-Ole Carstens, Pawel Ordyna, Brian Marre, Ilja Göthel, Thomas Miethlinger, 
Anton Lebedev, Nico Hoffmann, Patrick Stiller, Anna Willmann, Franz Pöschel, Sergei 
Bastrakov,  Bernhard Manfred Gruber, Jan Nikl, Marco Garten, Felix Meyer, Axel Huebl, Heiko 
Burau, Sunita Chandrasekaran, the experimental teams at HZDR, et al.!
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Integrated Infrastructure – workflows & standards
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Integrated Infrastructure – ML / synthetic diagnostics
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Integrated Infrastructure – multiphysics & code integration
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Integrated Infrastructure – multiphysics & code integration
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PIC algorithms
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PIC algorithms:  
ionization physics

Future plans:
- reduced order models
- specialised MHD codes for long-time-scales 
- novel methods for particle cooling
- integrated modeling and software

This algorithm is able to
• resolve time scale difference between the ionization process and PIC 

computation time step by implementing analytical solution of the ionization 
dynamics

• reduce the memory allocation from recording number densities of different 
ion levels by solving 4-level ODE system, which greatly improves the 
efficiency of computation

Implementation into the 3D SPACE code enables some application including
• Computing ion yield from certain lasers from 3D
• Simulating ionization injection from high-Z gas in various experimental setups
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PIC algorithms:  current deposition
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PIC algorithms:  particle pusher at high fields
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PIC algorithms:  Lienard-Wiechert solver
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PIC algorithms:  moving towards strong-field QED
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PIC algorithms:  moving towards strong-field QED
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PIC algorithms:  positron production
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PIC algorithms:  instability comparison with theory
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Reduced Models
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Reduced models:  
quasistatic PIC
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Reduced models:  quasistatic PIC
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Reduced models:  quasistatic PIC
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Reduced models:  MHD simulation of plasma channel formation
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Reduced models:  MHD simulation of plasma channel formation
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Reduced models:  beam loading in TW electron linacs
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Other algorithms
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Other algorithms:  Vlasov with mesh refinement
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Other algorithms:  1D semi-analytic approach with wavebreaking
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Other algorithms:  differentiable computing
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Other algorithms:  High-power, high-rep-rate lasers
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Other algorithms:  High-power, high-rep-rate lasers
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Simulation of experiments
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Simulation of experiments
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