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Motivation
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Hellweg  – TW linacs
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Hellweg is 1000x 
faster than CST
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Handheld MeV linac 



6Advanced Accelerator Concepts Nov. 8, 2022

Higher-energy photoinjector & TW linac with high phase space density

• Initial attempt to 
benchmark with 
SPARC linac design
• photocathode gun is 

roughly approximated
• we are working to 

generalize Hellweg for 
this application
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Vision – incorporate Hellweg into the AMReX ecosystem 
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Porting Hellweg to AMReX

• We are just getting started…

• The ImpactX code base is 
very relevant to this project

• Hellweg & IMPACT share some 
high-level commonalities

• the algorithms are very different

• We’re developing in the 
rshellweg GitHub repository

• https://github.com/radiasoft/rshellweg

• physics algorithms, in C++
• C++ MS Windows GUI

• requires Embarcadero compiler
• Linux-only build system (no GUI)

• Python API for C++ library
• TBD – new AMReX version

https://github.com/radiasoft/rshellweg
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Implementation of regression testing and benchmarking on CPU & GPU

• Python testing utility pytest is being used to develop unit & regression tests
• Tests are being developed for the existing code base

• S. Kutsaev is compiling on MS Windows with Embarcadero
• RadiaSoft team is compiling on Linux with g++
• Special care is required to manage simultaneous development for both environments

• The AMReX version is not ready for testing
• Hence, we’re not yet running tests on GPUs

• In the future, we’ll test for speed, as well as correctness
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The 2D Hellweg equations of motion
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The 3D Hellweg equations of motion
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Generalizing the Hellweg equations of motion

• Generalized from electrons only to handle arbitrary charge-to-mass ratio
• ion linacs can be simulated in the future

• The velocity-like dynamical variables are being changed to momentum
• enables accurate modeling of ultra-relativistic electrons

• Identified a strategy to develop a phase space preserving version of the eqn’s
• necessary for work in the future with very high phase space densities

• otherwise, it is challenging to know if phase space dilution is physical or numerical

• Near term plans –
• treat half-cell rf cavities

• include cathode emission

• treat standing wave as well as TW
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Future plans:  modify the EOM to preserve phase space area
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Future:  Relaunch Sirepo/Hellweg app with targeted beta testing effort

• We implemented an ‘alpha’ quality Hellweg app for   Sirepo.com
• funded by Phase 1 DOE/HEP SBIR;   later removed due to lack of funding

• Sirepo is presently undergoing a major upgrade for the future
• The GUI framework, originally written in AngularJS is being rewritten in React

• metaprogramming techniques are being used to simplify future app development

• The Python server, originally based on Flask is being rewritten to use Tornado

• We will relaunch the app in early 2023, using the new version of  Sirepo
• on the server, Sirepo will invoke the Hellweg Linux library via the Python API



15Advanced Accelerator Concepts Nov. 8, 2022

Future:  Develop a strategy to model strong particle-particle scattering

• Touschek effect is essential 
at high phase space density

• AMReX provides capabilities 
for near-particle interactions

• will only be implemented in the 
new version of Hellweg
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Summary

• Hellweg is a powerful reduced-model code for linac design
• in production use for TW linacs that are being built and used
• beam loading is automatically included
• space charge included approximately via quasistatic envelope model
• 2D and 3D dynamics
• 1000x faster than CST, with quantitative agreement

• We are porting Hellweg to the AMReX framework
• will enable GPU execution with orders of magnitude speedup
• growing suite of AMReX based codes: WarpX, ImpactX, others…

• We are generalizing the equations of motion
• support ion linac design, as well as very high energy electron linacs
• support standing wave structures and photocathode e- guns

• Adding new features, required for very high phase space densities
• Touschek scattering
• exploring phase space conserving algorithms


