
Goals: Simulating a Muon Collider in WarpX: 

● Deploying WarpX for a muon collider, including beam-beam effects

● Testing modifications for the code that need to correctly model muon behavior, including 

QED effects

● Visualizations of collisions

● Understanding muon collider performance under different parameters. 



File (everything in subdirectory 
Source/Particles/ElementaryProcess/)

Description of change

QEDInternals/QedChiFunctions.H Add mass scaling in computation of Schwinger field χ:
χ ∝ (m / m_e)^3

QEDInternals/QuantumSyncEngineWrapper.H Propagate input mass through everything that calls χ

Input file change Numerical integrals of T(χ) [a modified Bessel function] 
normally has a pre-computed table; 
Since χ can now range over orders of magnitude, we have to 
modify the range over which T(χ) is computed. 

QEDPhotonEmission.H WarpX ‘cleans’ low energy photons by dropping photons 
under a certain energy, computed using the mass of the 
electron. This threshold needs to be lowered for heavier 
lepton.

PICSAR [Particle In Cell Scalable Application Resources] 
dependency:
quantum_sync_engine_core.hpp, 
gamma_functions.hpp

PICSAR library is used to compute dN/dt [# photons/time] 
and hard codes the electron mass, so this has to be updated 
to pass through as well.



Fitting the beam-beam parameter thru WarpX data

Theory: 



Validating beam-beam parameter fitting: FCC collider



Lepton mass vs. beam-beam parameter



Preliminary study of quantum parameter (Y << 1)



Appendix: Muon Collider specifications


