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HELPMI:

the Helmholtz Laser-Plasma Metadata Initiative

Start developing a data standard for the global LPA community



LPA Community

Lasers…

 Ultra-intense lasers can transform plasmas into particle-accelerating structures

 Ultra-short (fs-ps), Joule-kJ laser facilties: high peak-power, ICUIL.org

 Chirped pulse amplification (invented 1985, Nobel prize awarded 2018)
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Schwoerer H. (2008). Particle acceleration with lasers. S. Afr. J. Sci. 104, 

299-304.

https://www.icuil.org/activities/laser-labs.html, Interactive map

https://www.icuil.org/activities/laser-labs.html
https://www.easymapmaker.com/map/ICUIL_World_Map_v3


LPA Community

… and plasma accelerators

 Ultra-intense lasers can transform plasmas into particle-accelerating structures

 Electron acceleration and ion acceleration in high gradients

 Inherent ultra-short time structure and thus high peak currents
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https://loa.ensta-paris.fr/research/upx-research-group/laser-wakefield-

acceleration-lwfa/



LPA Community

Science

 Ultra-intense lasers can transform plasmas into particle-accelerating structures

 Accelerating structures are optically generated and transient

 Fundamental research focusing onto scalings, specific regimes and adequate control

 Experimental studies in uncharted terrain: explorative, innovative

 Numerical modelling (digital twin / complement) crucial for micro-physical understanding

 Expensive simulations up to exascale computing, GPU-accelerated

 Data-driven techniques are attractive due to complexity of LPA processes

 Applications

 Small-scale accelerator substitute (Nuclear physics, Radiation physics, Medical research)

 Secondary radiation sources (X-rays, g-rays, Neutrons, Free-electron lasers), fusion

energy research
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HELPMI: Main Goals

2-year project, 3 partner centers, 200k add. funding

 Initiative: start the development of a data standard for LPA experiments

 Consulting and assistance from HMC community

 Concepts, tools, trends, best practices, lessons learned…

 Adopt NeXus standard from PaN experimental community

 Use existing base classes, possibly define new ones

 Propose application definition

 Extend the openPMD standard and API for arbitrary hierarchies

 Currently established for simulations in LPA community

 Fileformat-agnostic
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„an umbrella over a family of standards, 

currently for experiment data in the

Photon and Neutron science community“

Glossary: Domain-

specific terms

https://www.openpmd.org/
https://www.nexusformat.org/


HELPMI: example data set

Example data chunk to perform our trials

 Hierarchical structure

 Meta/Data in folder names

 Files containing instrument
and experiment description

 Setup models, calibration, 
scripts
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https://www.nexusformat.org/
https://www.openpmd.org/


HELPMI: draft glossary

Devices-Detectors-Components-Library: https://doi.org/10.5281/zenodo.11143947
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https://doi.org/10.5281/zenodo.11143947


Partners and related projects

 openPMD: open Particle Mesh Data, open standard for PIC (and more)

 NeXus: system of standards from synchrotron and neutron facilities

 LASY.org: package for (standardized) laser pulse modelling in PIC simulations, can take
measured data and uses openPMD format  add HELPMI terms

 plasma-MDS: simple schema, partly applicable to LPA, but completely new applications

 NEILS (network of extremely intense laser systems)

 ELI (European research infrastructure)

 THRILL (EU project on high-repetition rate lasers)

14.05.2024 Dr. Hans-Peter Schlenvoigt   h.schlenvoigt@hzdr.de
9

https://www.openpmd.org/#/start
https://www.nexusformat.org/
https://lasydoc.readthedocs.io/en/latest/


plasma-MDS @ LPA

Possible translation

 Source = Device which creates the plasma by ionizing the medium:

 Laser system/facility with all parameters

 Medium = Substance being ionized or activated by source:

 Target

 Target = Substrate on which plasma acts

 often none

 Diagnostics

 Diagnostics of Source(Laser)

 Diagnostics of Medium(Target)

 Diagnostics of Plasma at all
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