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We need simulations of the interaction point to answer some questions

💥 what “luminosities” can we achieve depending on the beam parameters?
✨ what wakefield collider would be “best” and in what sense?
🔬 what discoveries can we make?

electrons positrons

nominal beams 😍 disrupted beams 😱

many beam-beam effects: 
disruption 💔, photon emission 🔦, pair creation 👯, scattering 🎱, hadron photoproduction 💪, 
…
→ luminosity??? backgrounds??? 

GUINEA-PIG
https://gitlab.cern.ch/clic-software/guinea-pig https://github.com/slaclab/CAIN 

CAIN

https://gitlab.cern.ch/clic-software/guinea-pig
https://github.com/slaclab/CAIN


Particle-In-Cell + Monte Carlo simulations are the standard modeling tools
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open-source
OS portable: Linux, MacOS, Windows,  
GPU portable: NVIDIA, AMD, Intel
multi-platform: multi-CPUs/GPUs, laptops → clusters
flexible:

● different geometries: 1D, 2D, RZ, 3D
● many algorithms
● many diagnostics
● electromagnetic, electrostatic in beam frame
● QED modules

international, cross-disciplinary & ACTIVE community!
(WELL) DOCUMENTED!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

WarpX is a particle-in-cell code that can simulate beam-beam effects

https://ecp-warpx.github.io 

https://warpx.readthedocs.io 

https://ecp-warpx.github.io/
https://warpx.readthedocs.io/en/latest/


WarpX ∊ BLAST, a comprehensive simulation toolkit for accelerator physics
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Excellent agreement between WarpX and other codes with spherical nanobeams

electrons

positrons

Ex

Ex

electric field 
contours

Yakimenko et al. PRL 2019

● ECOM = 250 GeV 
● N = 8.7 * 108  
● spherical beams: σz=σx=σy= 10 nm
● zero emittance
● low disruption D = 0.001
● max quantum parameter χ = ϒ ~ 1700

https://doi.org/10.1103/PhysRevLett.122.190404


Excellent agreement between WarpX and GUINEA-PIG with flat ILC beams

● ECOM = 250 GeV
● N = 2x1010

● σz = 300 µm
● σ*x = 516 nm
● σ*y = 7.7 nm
● ϵx = 5 µm
● ϵy = 35 nm

● flat beams 
● significant disruption Dx = 0.30, Dy = 24.39
● max quantum parameter χ = ϒ ~ 0.3 

WarpX GUINEA-PIG

snapshot of the beams’ density integrated 
along the missing coordinate during collision

offsets along x and y ~σx,y/10 to induce the kink 
instability and mitigate stochastic discrepancies 

electrons

positrons

electron 
densitypositron
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streamlines

The International Linear Collider: 
Report to Snowmass 2021 

https://cds.cern.ch/record/2815947
https://cds.cern.ch/record/2815947


WarpX can be faster and/or go to higher resolution and statistics

flat ILCspherical ultra-tight

WarpX 
1 GPU

asymmetric HALHF

GUINEA-PIG
1 CPU



First simulations with wakefield lepton beams at 10 TeV – preliminary!

Schroeder et al. Journal of Instrumentation 18.06 (2023): T06001.
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eᐩe⁻ vs. e⁻e⁻
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⚠ SEVERAL CAVEATS EXIST ⚠



The caveats

Simplifications
● local constant field approximation (LCFA)
● collinear emission of photons
● only coherent processes (beamstrahlung & nonlinear 

Breit-Wheeler)

Physics open questions
● transition from incoherent to coherent photon emission 
● transition from incoherent to coherent pair generation 
● emission rates at very high quantum parameters
● validity of LCFA
● circular colliders: couple with other codes 
● other processes for muon colliders?
● ...

this simulation 
didn’t finish, 
my bad 😬



We are setting up a framework that includes accelerator-physics-detector
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From the luminosity distributions we get the production rate of exotic particles

Drell-Yann

vbf
vbf

Drell-Yann

searching wino-like chargino χ+ as visible charged partner to χ0 (dark matter candidate)

● use MadGraph to generate events for chargino production
● to include luminosity spectra need to run over grid of center of mass energies and fold 

with luminosity spectrum
● repeat for multiple chargino masses
● (implement decays by hand)

preliminary preliminary



Conclusions

main takeaways 🏁 and next steps ⏭

🔄 we are continuing to develop WarpX as a next-gen code for IP simulations
🎯 WarpX agrees well with and is much faster than GUINEA-PIG
🚧 we are developing a broader simulation framework to support the design of future 
colliders in a cross-disciplinary team
🤔 we started and will continue addressing the caveats! 

Thank you for 
your time! 🙏


