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Outline
• Motivation
• Steady-state beam loading for TW electron linacs

• The Hellweg code – reduced model provides accuracy with 1000x speedup

• Applications and code validation
• also see  “High Efficiency Traveling Wave Linac,”  V. Dolgashev et al.  (this workshop)

• Coupled particle-field equations, including recent developments

• Proposed developments (pending with DOE/HEP)
• Support of standing wave RF structures

• Support for transient beam loading

• Apply to transient beam loading challenges at the Argonne Wakefield Accelerator

• Support a community resource for industry, science and education

• beta test program for Sirepo – Hellweg should begin soon

• Conclusion
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Hellweg  – TW linacs
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Hellweg is 1000x 
faster than CST



6International Workshop on Future Linear Colliders May 18, 2023

Handheld MeV linac 
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The 3D Hellweg equations of motion
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Hellweg dynamics – using momentum rather than velocity

• Momentum as the dynamic variable
• necessary for ultra-relativistic electrons

• Arbitrary charge-to-mass (ion linacs)
• structure details must be considered

• Other algorithmic aspects unchanged
• coupling to fundamental field mode
• ellipsoidal ‘frozen’ space charge model
• 4th-order Runge-Kutta

• Benchmarking with previous version
• complete ….to appear in Proc. IPAC (2023)
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Support of standing wave RF structures (proposed)
• TW particle-field dynamics is largely applicable to SW linacs;  however…

• need to include the discrete jump in phase between adjacent cells

• of course, the RF transit-time factor must be included

• also, power attenuation is very different

• Benchmarking with CST is planned
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Support for transient beam loading (proposed)
• Transient effects persist for an RF filling time tF

• equally true for TW and SW structures

• time-dependent correction factor will be applied
• factor roughly tracks the function describing fill time

• equations well known, but details vary with structure

• Compensation of transient beam loading
• TW linac operators partially compensate the problem

• see figure to the right 

• in SW structures, all cavities are simultaneously loaded
• transient effects are significant in AWA drive linac

• 8 bunch train with ~50 nC

• one thought:  bunch-to-bunch variation of RF phase

• Extensive benchmarking with CST will be required!
• Validation via comparison with AWA experiments will also be necessary
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Hellweg as an open source framework (proposed)

• Software development goals
• support both Windows and Linux users
• command line support for optimization & ML
• reduced models for fast, interactive computing
• interoperability with other linac & gun codes
• retain simplicity & ease of use

• Further improve the Sirepo-Hellweg GUI
• essential for education, industrial customers
• instantaneous collaboration for distributed teams
• interoperability between GUI and command line

https://sirepo.com

https://sirepo.com/
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Conclusion

• Synergy with industry, science & education via the Hellweg code
• Hellweg is a powerful reduced-model code for linac design

• in production use for industrial TW linacs that are being built and used
• users are actively supported (see V. Dolgashev presentation, this workshop)

• steady-state beam loading is automatically included
• 1000x faster than CST, with quantitative agreement

• Hellweg capabilities are being generalized
• support ion linac design, as well as very high energy electron linacs
• support standing wave structures and transient effects (proposed)
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