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HiPACE++: Ecosystem



HiPACE++ is part of the BLAST ecosystem
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HiPACE++
Quasi-static PIC, 3D Cartesian

WarpX
Full EM/ES PIC, Cartesian & cylindrical

ImpactX
Electrostatic PIC codes for accelerator physics

Wake-T
Quasi-static PIC, cylindrical

FBPIC
Full EM PIC, cylindrical

…

Suite of open-source codes 
for plasma & accelerator simulations,
that are developed collaboratively

use the 
AMReX 
framework

(for mesh 
refinement,
GPU portability…)



BLAST codes use the openPMD format of I/O
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HiPACE++
Quasi-static PIC, 3D Cartesian

WarpX
Full EM/ES PIC, Cartesian & cylindrical

ImpactX
Electrostatic PIC codes for accelerator physics

Wake-T
Quasi-static PIC, cylindrical

FBPIC
Full EM PIC, cylindrical

…

Output:
• particles 
• fields on a mesh

file

Optional input:
• initial beam of particles
• initial laser pulse

file



standard: 

specifies how to store 
particle and mesh data in:

• HDF5 files
(end in .h5)

• ADIOS files
(end in .bp)

• JSON files
(end in .json)

openPMD: Open Standard for Particle-Mesh data
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Files that conform to this standard can use a rich set of tools.

github.com/openPMD



Data analysis for openPMD files: openPMD-viewer 

5

Documentation: openpmd-viewer.readthedocs.iogithub.com/openPMD/openPMD-viewer

openPMD-viewer is a Python tool to 
extract/analyze data from openPMD files:

Interactive “GUI” 
in Jupyter notebooks

Convenient tools to compute:
• Bunch properties, e.g. emittance, etc.
• Laser properties, e.g. waist, a0, etc.



3D visualization tools of openPMD files
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openPMD files can be read with:

More info:
warpx.readthedocs.io/en/latest/dataanalysis/paraview.html
warpx.readthedocs.io/en/latest/dataanalysis/visit.html

openPMD files can also be read with VisualPIC, 
an in-house 3D visualization tool, for PIC data

github.com/AngelFP/VisualPIC



How to create openPMD files, as input to the simulation?
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HiPACE++
Quasi-static PIC, 3D Cartesian

WarpX
Full EM/ES PIC, Cartesian & cylindrical

ImpactX
Electrostatic PIC codes for accelerator physics

Wake-T
Quasi-static PIC, cylindrical

FBPIC
Full EM PIC, cylindrical

…

Output:
• particles 
• fields on a mesh

file

Optional input:

• Initial beam of particles:
generate the beam in Python 
and use openPMD-api 
to create the openPMD file
openpmd-api.readthedocs.io/

• Initial laser pulse:
New library: lasy
lasydoc.readthedocs.io/

file



lasy: a library to initialize complex laser pulses

8

github.com/LASY-org/lasy

Documentation: lasydoc.readthedocs.io

Growing list of laser profiles implemented:

powered by github.com/hightower8083/axiprop 



In many cases: we search for the 
combination of design parameters
(e.g. plasma density, laser intensity, etc.)
that maximize a given objective
(e.g. energy spread of final beam).

This typically requires to run many 
simulations, to search the space 
of design parameters.

e.g.
Jalas et al., Bayesian Optimization of a 
Laser-Plasma Accelerator, PRL, 2021

optimas: design optimization using simulations
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github.com/optimas-org/optimas
Documentation: optimas.readthedocs.io/

facilitates this workflow for
simulations on HPC clusters

Bayesian
optimizer

Use 2 GPUs
per simulation

Run 4 
simulations
in parallel



Thank you


