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Goal Solution L

Particle accelerators are a vital part of the DOE-supported infrastructure of The Beam, Plasma & Accelerator Simulation Toolkit
discovery science and applications, but demand increasingly sophisticated (BLAST) is set of open-source particle accelerator codes sccelerator modelled with WarpX using the
computational tools for their design and optimization. Integrating and advancing ~ with unique algorithmic versatility, from plasma based boosted frame technique.

oromising technologies, such as plasma-based sources and boosters, into  accelerators to beam transport dynamics and

mainstream scientific tools depends critically on high-performance, high-fidelity =~ beam-beam interaction. We combine the speed boosts

modeling of complex processes. We want to provide a versatile, extensible and  of Graphical Processing Units (GPUs), adaptive

ultra-fast modeling framework for particle accelerator design and research that  mesh-refinement (AMR) and Artificial Intelligence /

takes advantage of the latest hardware & modern software engineering. Machine Learning (Al/ML) in a modular framework.
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Rewritten BLAST Applications for Exascale Zero-Copy ML Integration Example: pyTorch Interplay

The U.S. DOE Exascale Computing Project Scaling to the full size of the
(ECP) develops open source computer science  world’s largest HPC
software technology and computational machines (TOP500):
science applications. That includes:
WarpX is a time-integrated, electromagnetic —weak scaling strong scalng_
and electrostatic particle-in-cell code )

AMReX, an adaptive mesh-refinement and Cross-Ecosvstem. In Sity Counling: et ,_ .
performance pOrtabIIIty |Ibrar'y )4 / IO g. sim = impactx.ImpactX
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In-the-loop coupling of GPU-accelerated Every BLAST application can reuse transparent
exascale codes and GPU-accelerated ML models: pYAMReX data interfaces:

e persistent GPU data placement

e no transformations & copies 2

e Python: control and even GPU-code injection Import impactx

import torch
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redesign special purpose codes such as: B L A ST R e
* ImpactX, an s-based particle tracking code  Algorithmically, we leverage MMW O —
with upcoming space charge effects and gnd advance the numerics and i e

rho_torch = torch.as_tensor(rho_arr, device="cuda")
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to establish a cohesive modeling framework: codes WARP, the IMPACT
« BLAST Beam, Plasma & Accelerator suite of codes & MARYLIE.

Next: coupling of surrogates, such as advanced
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field ionization of atomic levels, collisional

operators, QED processes (e.g. pair fle input/coupling Open Source Software: Technology Stack

creation), macroscopic materials « |attice elements & segments:
Multidisciplinary, Multi-Institutional Contributor Team bends, quads, multipole, ... BLAST

Python: Modules, PICMI interface, Workflows BEAM PLASMA &ACCELERATWLA N TOOLKIT
] ATAP
systems over using only CPUs

= A NE SAP
- ImpactX Object-Level
BERKELEY LAB ﬁ‘;gf}EEgﬁm;{gCgle?sﬁ%ﬂ& NI Jl_l-\\o Wa I’pX Hi Petc Epv-l\;;; AR-I; EtNI IS accelerator Python Bindings
full PIC, LPA/LPI uasi-static, microelectronics - : :
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o every algorithm runs on every pyAMReX PICSAR
Open Science: Accessible, Usable, Testable, Contributable platform o - QED Modules

Beams & Lattices
« common distributions + custom

Fully GPU-accelerated
Zntense  10-20x speedup on GPU-enabled

o single-source: write physics &
numerics once

Fully Open Source User Friendly From the Ground-Up Designed for AMReX FET klln
« Public GitHub: 0 « efficient C++17 core exposed with * AI/ML integration = g.

o github.com/ECP-WarpX A o extensible python modules o zero-copy access to GPU & Containers, Communication, Cr)r?lll’:i)-r

o github.com/Hi-PACE R atve o customizable callback hooks CPU memory Portability, Utilities T LE:;QS;;L

o github.com/openPMD « documented interfaces, algorithms/theory, examples,  Hybrid Particle Accelerators

o github.com/AMReX-Codes workflows & tutorials o modular and data L
- open issue reports o impactx.readthedocs.io hipace.readthedocs.io exchangeable between
- support & discussions o warpx.readthedocs.io openpmd-api.rtfd.io segments/elements/codes MPI CUDA, OpenMP, SYCL, HIP

« Mesh-Refinement & Load Balancing

For a complete list of all e pI nput files, have a look at our
amples/ directory. It contains folders and subfolders with self-
describing names that you can try. All these input files are automatically

Run WarpX

Reliable Releases

Input Parameters

« package manager support _pytvon P

O deSktOp to HPC :‘ Xaea t-esriveneec ron acceleration Beam-driven electron acceleration .

o pre-compiled binaries on all major OS AMREX it : PerspeCtlveS
» persistent identifiers & reproducible environments e
« changelogs S s

° All checks have passed

We establish a next-generation, fully open modeling framework that provides fast and
Sustainable Devel t . . .
ustainable Developmen machine-guided methods for particle accelerator R&D.

* code reviews v

O Cl v 1| Windows / MSVC C++17 w/o MPI (pull_request) Successful in 58m Details . . . .

o many benchmark cases T y— Innovative numerical methods, such as mesh refinement & pseudo-spectral field solvers.
* continuous documentation ¥ @)/ 10 (1P 30 20 (el redeen) Sncomssil 2o Dol . . . g .
. permissive licensing (BSD-3-Clause-LBNL) | * @9 mm-eonmem e o Current efforts are dedicated to establishing ImpactX capabilities and expanding

. data-driven Python interfaces for in-the-loop Al/ML training & inference.
rew tap ecp-warpx/warpx ﬁ cmake -S. -B build
python3 -m pip install. ‘..'i] Erew:n:tall‘\)/varp)? jware cmake --build build --target install
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conda install
-c conda-forge warpx

spack install warpx
spack install py-warpx




