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Takeaway: GUINEA-PIG and WarpX agree for muon collider beams
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We were able to reach agreement between GUINEA-PIG (GP) and WarpX for 
beam-beam simulations in a muon  collider.

● Required steps:
○ Modifying WarpX to input muons correctly 

■ lots of smaller patches (see appendix) most which pertain to QED 
effects which end up being suppressed

○ Modifying a GP-for-muons code that was provided to me by Larry Lee, 
which needed debugging to
■ fix mu-/mu- to mu-/mu+
■ and correctly dump the initial muon beams

More details on modifications can be found in backup slides.



GP vs. WarpX vs. Theory:   Luminosity

● GP and agree on 
luminosity parameter 
incredibly well!

● The Yokoya-Chen 1988 
correction to luminosity 
(estimated using CAIN 
simulations) is a more 
accurate estimator than 
geometric luminosity.
○ only valid and 

plotted for 
disruption < 0.8

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.38.987


WarpX vs. GP: beam-beam parameter fits

● We want to extract 
beam-beam parameter from 
these simulations
○ by fitting the slope of 

particle position vs. kick

● GP and WarpX dump similar 
particle data, and achieve very 
similar beam-beam fits
○ for highly disrupted muon 

beams (top)
○ and low disruption 

(bottom)
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GP vs. WarpX vs. Thin-lens approximation:  Beam-Beam

● GP and WarpX mostly 
agree on beam-beam 
parameter
○ both converge to 

thin-lens 
prediction at 
large Beta* / low 
disruption

● Low Beta*, as the 
muon collider specs 
require,  leads to 
highly disrupted 
beams



WarpX vs. GP: beam-beam parameter fits

● As a cross-check, I 
compared WarpX and GP 
for an ‘equivalent’ e+ e- 
collision parameters. 

○ Analogous 
disruption and 
beam-beam 
parameters 
accomplished by 
scaling down the 
bunch size

○ see appendix for 
scaling math on mass



Conclusions
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1. GP and WarpX, modified to appropriately handle muons, agree on muon 
collider luminosity and beam-beam parameter!

2. Muon collider luminosities and beam-beam parameter agree with those 
obtained by simulating from a comparable e-e collider with analogous 
classical parameters (accomplished in this case by scaling the bunch size).

3. The muon collider as designed involves a highly disrupted beam with 
non-linear behavior that is in need of further study.



Next Steps
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● In order to do multi-turn analysis (combining WarpX and GP with X-suite), 
we need more detailed information about the design of the collider ring. 

● As of now , we only know about the interaction point.

● We hope you can provide us with a single turn matrix or a full lattice, 
depending on what is available.



Appendix: Mass suppression of radiation and quantum effects 
(WarpX)
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Appendix: Scaling of classical beam parameters with Beta*



Appendix: beam-beam parameter fits with diff fitting procedures

● For a round beam, fitting 
the core 
○ ‘Analogous disruption 

and beam-beam 
parameters 
accomplished by 
scaling down the 
bunch size.

○ see appendix for 
scaling math



Appendix: Mass scaling of classical beam parameters

• Holding fixed emittance and beam size, 

classical beam parameters scale linearly 

with the mass of particle.

• Therefore, in order to do a 1-1 

comparison of the muon collider vs. e 

collider, it’s necessary to ‘scale’ at least 

one of the parameters. 

• For now, we try just scaling N to 

compensate.
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Appendix: Muon Collider Input Parameters (GP and WarpX)
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Appendix: WarpX muon-patches
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.


