HELMHOLTZ <HMC> GRAND CHALLENGES

HELPMI: |
the Helmholtz Laser-Plasma Metadata Initiative |

Start developing a data standard for the global LPA community

www.helmholtz.de



LPA Community <CHMC> 2"
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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https://www.icuil.org/activities/laser-labs.html, Interactive map

Schwoerer H. (2008). Particle acceleration with lasers. S. Afr. J. Sci. 104,
299-304.
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https://www.icuil.org/activities/laser-labs.html
https://www.easymapmaker.com/map/ICUIL_World_Map_v3

LPA Community <HMC> e
... and plasma accelerators

= Ultra-intense lasers can transform plasmas into pm-scale 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/
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HELPMI: Main Goals CHMC > i
2023-2025, GSI+HIJ+HZDR

Initiative: start the development of a data standard for LPA experiments .. A .. leoewe Re
= Consulting and assistance from HMC community O % & ,:
= Concepts, tools, trends, best practices, lessons learned...

Adopt NeXus standard from PaN experimental community

usable

»=an umbrella over a family
of standards, currently for

= Use existing base classes, possibly define new ones

= Propose application definition experiment data in the
. . . Photon and Neutron
= Extend openPMD standard and API for arbitrary hierarchies science community®

= Currently established for simulations in LPA community oRen 6
= Fileformat-agnostic PM

Start the development of a glossary
= Uncharted territory in LPA experiments
= Community must be involved

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

HELPMI: NeXus adoption CHMC ) weose
NXdata is awesome feature, scientific classes strongly bound to PaN

~ waaterdroplett experiment = Q r[E shot 001 > Probe2 Display Inspect
~ 220914 —_—
> Farfield ® ShotContainer.hdf5 A- NXLine (I NX Heatmap o) 2 | Infemo I - 2 Invert = Log ~ eX Y =@
» Focus ;
o g ~ shot_001 (@ n 1038 1388 image (counts) 223243
v Farfield
DO | D1 2e+3
> Mcp > camera_parameters )
> Nearfield L o Y
earfiel » data @@ Te+3
» Probel N . .
x > image_preprocessin
> Probez S g
o > instrument
» Transmission
{} Example SciCat Instrument Definit »BCED
" " > MCP
{1 example shot.json
> Nearfield

@ Experimentator DB Ul.xlsx

@ Screenshot 2023-06-20 at 15-31-32 > Probel
- Probe2

H|erarCh|CaI StrL > camera_parameters

> data (@

Meta/Data in fol - image preprocessing

> instrument

> Transmission

Files containing
and experiment

Setup models, ¢

S C I'I ptS o 200 400 600 800 1e+3 1Az|e+3 1e+0
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https://www.nexusformat.org/

oA
HELPMI: openPMD PM CHMC D s

Extend for any custom hierarchy

Tcfres opcnPMD‘
. Cbel:jleb groups

0,1,2,3
custom

hierarchies

Tteration

openl’MD

attributes NeXus

groups

custom
hierarchies

NXsubenfry
NXsubentry

NeXus
altributes

openPMD
atlributes

[electrons, ions, ..]

contained
Particle Species subhierarchics
-

|position, momentun, ..

Species Record

M
: IR ecord Componentj openl’MDb
. datasets
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https://www.openpmd.org/

HELPMI: F.A.l.R. container for LPA data <HMC > e
Bi-lingual hdf5 file

Metadata
Collaboration

® HDF5 File
¥(—. NXentry 1 NeXus hierarchy
NX e
! = some
S—— - -
4: array data Initiative .I
‘ “ A4
\__[ . 3 ‘1‘
ophend b/ Sorics 1 HDF5 Link

-

| op enPMD hierarchy
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https://www.openpmd.org/
https://www.nexusformat.org/

HELPMI: draft glossary CHMC ) wesss -

Collaboration

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

Template. 2
HELPMI Common Phrases/Categories Feedback .3
Detectors. - |
1. Technical Metadata Standard CCD/CMOS. -3
a. Manufacturer or in-house design Eocus Diagnostic 4
b. Model name/number Wavefront Sensor -4
c. Serial number Gassabls CCO w3
d. Operating software and version number, dependencies (Win, Linux?, .NET?) Steeale Camera h :
e. Calibration data (Manufacturer) - : B El;;l?r:m "7
f. Last calibration date N eeds I nVO Ive m e nt I _ Proton/Ion. .8
g. Pixel count in horizontal direction Thomson Parabola Spectrameter. B
h. Pixel count in vertical direction . rizzler. .9
i. Pixel size and/or pitch yi 10
j. Noise measurement (I nte rested) COI I l I I I u 10
k. Technical drawing/file of device/setup ROG -1
2. Procedural Metadata 2* Order Antogonielator 12
a. Name of detector/device as used in experiment 2+ Order Autogorrelator for Measurement of Pulse Front Tl e.g., TIEa from Light CORVErsion....v.eo. 12
b. Location of detector/device as used in experiment 3~"Order§mmg; @W" Tum‘ira‘- X 13
c. Schematic of detector’s/device’s setup . Scinillstar Ssreen (slessron pointing diaguesis) 13
d. Schematic of imaging/focusing setup U | h t k d SRS
i. Lens, objectives, filters, etc. n C e ar W a I n O
ii. Imaging distances
e. Custom calibration, Point Spread Function (PSE), Elaﬁgégﬁmﬁlinks o fata Quadrant Detector 15
f.  Exposure, Shutter mode (rolling/global) p Iétfo r m Vacuum Sensor. 15
g. Gain " Devices. .15
h. Binning Linear Motor Stage (stepper, piezo, etc.). 15
i. Trigger and Timing (Delay) Rotation Stage. 16
3. Security/Access Metadata Mechanical Shutter (only template). 16
4 Daa Eleci:Optcl Shuts (ol emplt) 7
Sﬂﬁl al Filter.
ta). inpulfoulpul energy Specural Filter (only emplate) s
. Input/output polarization Amplitude Filt N
. plitude Filter (only template; ....18
c. Input/output FWHM beam diameter Polarizer Filter ‘8
d. Input/output spectrum Beam Splitter (qnly template) 19
e. Input/output spectral EWHM Generic Optic (only template) .19
f. Input/output central wavelength Targes. 19
g. 2D array of pixel values
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https://doi.org/10.5281/zenodo.11143947

HELPMI: Current status HMC ) s
Example data out of PSBD with DDC key-value pairs

= Q D 2024-08-29 > 25202 > MAS > MAS Farfield High_Res_Cam Display = Inspect
B psdb_container_nexus_minimal... Ar NXLine (I NX Heatmap o )0 2 infemo I - 4 Invert = Linear ~ = ®
¥ 20240525 6D n 480 640 unknown (counts) 2452e+2
¥ 25202 x DO | D1
v MAS
y|Do D1
v MAS_Farfield High_Res C... 400— 200
> data (D
> procedural_metadata
> security_metadata 300—

> technical_metadata
> MAS_Nearfield_Cam
> MAS_OO_Spectrometer -
> MAS_Powermeter

€ shot time
100—

0

o

100 200 300 400 500 600 -4.376e+0
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DAPHNE4ANFDI - TA1: ExL CHMC D foime
Experiment Logging (without Excel)

Add Shot

Addshot  ModfyShot  AddiModiy Setings  AddiModily Diagnostics  AddModity Form Layout
Campaign [XFEL Jets 2023 (2023-09-04 to 2023-08-11) | Shots in campaign: [0 Go o Shot Number Go
Shot identification Laser parameters Interaction parameters Post-shot readout
Shot Count: 0 VD (15°2)[20.0 TRO (deg) Ramlon (4Sv) 50.0
This Shot 1 = || Reset Laser Energy (J)|15.0 TFO (um) Proton Energy TPS 45 (MeV)
Plasma Mirror?
Date and Time | 2023-08-25 09:04:12 etrlsclick o FEEIEETAGEEY)
TW Intensity[10.0 q Time of flight (ns)
Target details
TOD (f5°2) Proton Energy from TOF (MeV)
Target (choices read from mediawiki)
TW Delay Me d GVD (fs"2)
g T15T {Type': 15 um W wire’, Thickness" 15 um} v s (2523
Measured TOD (fs"2)
Comments: Quality
Diagnostics
85 0 [GFF E Bs -22 [OFF g B 20[OFF 5 GeramioGam [GFF =
ColorCam TCC |OFF v FF after top DD | OFF v FF Spider |OFF v FF PM Bulli | OFF v
NF PM Bull[OFF ~ TSI [OFF v ProtProf weak [OFF v ProtProf strong [OFF v
Profiler3| OFF v Refl 1w | OFF v Refl 2w | OFF v Refl Spect | OFF v
CosCorr | OFF v SPEBS 0| OFF v SPEBS -32 OFF v SPEBS 20| OFF v
Spec Elec Prof | OFF - SPEm | OFF v XUV MCP |OFF - TPS 15| OFF v
TPS 15 MCP | OFF v TPS 45 OFF ) TPS 45 Lanex low | OFF v TPS 45 Lanex high |OFF v
Trans Lanex  OFF ~ Trans 1w | OFF - Trans 2w | OFF ~ Trans Spect | OFF -
Trans Spect 2w [OFF 7] Ge X spect [OFF =] Ross Filter pair [OFF 7] singlePhaton Spect [OFF 5
Diagn Shutter [OFF - FTSI Setup [OFF - Pickoft Alt [(OFF v ProtProf Setup [OFF v
XUV Setup [OFF -
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Lessons learned CHMC) o

Collaboration

= Adoption of more specific NeXus classes is not easy: 1) Understand original use case. 2)
Conceive your use case. 3) Map to each other.

= How to conceive new NeXus classes, ideally suitable for several communities? Support
from NIAC?

= How to include/motivate volunteers from a community? Which basis to choose?

/" <HMC> )

oo | AR
: DO & do &

standard

Metadata
catalogue

\
Smilei)

o) - () @ (). e

= F.A.lLR. data needs data and metadata catalogue

= Proper website for community!
= laser-plasma-metadata.org

Electronic Lab
Documentation

= Workshops!
= indico.gsi.de/e/helpmi-workshop-2024
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laser-plasma-metadata.org
https://indico.gsi.de/e/helpmi-workshop-2024

Partners and related projects CHMC ) ™

Collaboration

= openPMD: open Particle Mesh Data, open standard for PIC (and more)
= NeXus: system of standards from synchrotron and neutron facilities

= LASY.orqg: 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)
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https://www.openpmd.org/#/start
https://www.nexusformat.org/
https://lasydoc.readthedocs.io/en/latest/
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