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Goal Solution
Particle accelerators are a vital part of the DOE-supported infrastructure of = WarpX is an open-source particle-in-cell (PIC) code
discovery science and applications, but we need game-changing improvements  supported by the Exascale Computing Project (ECP) Snapshot from a WarpX 3-D simulation of a laser-driven
in the size and cost for future accelerators. Plasma-based particle accelerators  that is combining advanced algorithms with adaptive plasma accelerator. The laser (red) propagates from left to
stand apart in their potential for these improvements. Turning this from a  mesh refinement to allow challenging simulations of a right and creates a plasma wake (yellow and blue) that
promising techr.wology ir?to mains’Fream scientific tools depends critically on high- multi-stageo plasma-based .TeV | accele.ration relevant Zcfneifi?,fﬂearflt lef;ﬁoérzeeimbgi?liiﬁzj Iihi::reerai);
performance’ hlgh_fldellty mOdelmg of complex Processes. for future hlgh_energy phySICS discoveries. the resolution and accuracy around the electron beam.

Application domain: plasma accelerators WarpX code structure and distribution: Open Source WarpX fulfilments and performances
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would be bz.;\sed on mulotlple pl.asma stages. Warp i AMReX PICSAR 22 200 simulation with MR.
Each stage is computationally-intensive. Python coupling Mesh refinement optimized subroutines @ 100
Need for x 100 stages X 100 ensemble. , ):/) ping P 0 Convergence tests
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. Exascale + Data processing | Communications| |* Current deposition refinement x2, 210 nodes.
e « Extra physics | | Load balancing « Maxwell solver Scalings on Cori KNL up to half-machine
10-year problem: modeling of 20-100 consecutive stages. | |
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delivery of a capable exascale computing ecosystem that delivers 50 ale—— T
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Warl?).( challeng.es in the ECP: : : : Lorentz Flowing —— PICSAR::FieldGather
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PIC codes (self-forces and wave reflection, numerical dispersion) Higher accuracy:
- advanced algorithms. » Adaptive Mesh Refinement

Demonstrate good performances and scalings with mesh-refinement * Arbitrary order & pseudo-spectral
capability (single-node to full-machine optimizations). Analytical Maxwell solvers
Demonstrate portability on future architectures. +  Sub-cycling

WarpX roadmap: High -
tabilit
« 2018: model single accelerator stage + port to GPU igner stabiity

. » Galilean T. to suppress
« 2020: model 10 consecutive 10 GeV-stages , .
e 2022: model 100 consecutive 10 GeV-stages BLAST{ Numerical Cherenkov Instability
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WarpX is the first electromagnetic particle-in-cell code combining

Higher scalability adaptive mesh refinement and pseudo-spectral methods.
This work was supported by the Exascale Computing Project (17-SC-20-SC), a collaborative effort of two U.S. - - _
Department of Energy organizations (Office of Science and the National Nuclear Security Administration). Used * FFT Maxwell solvers on local W WarpX ShOWS gOOd Weal( and strong Scallngs on Cori after 2 year
resources of the National Energy Research Scientific Computing Center. domains + domain decomposition A development, and current active efforts are dedicated to porting to
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