FAR ==

Wiioar, =T s

NAPMIX / SN
<~ NAPMIX Project Overwew N
[Nuclear, Astroparticle, and Particle Physics \\\

Metadata Integration for eXperiments]

Andrew Mistry

oo OSCARS

. . . Oper
lor Res a aciely
'.... clely

Funded by

the European Union !
BY

CC-BY 4.0




F.A.lLR. data principles and metadata

Findable P Indexed data
den ] repositories

Standard Authentication,
communications where necessary
protocol

Reusable Usage license Provenance
>
K

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Community
standards

FAR ==

Metadata is essential in Research Data
Management and Open Science to enable
FAIR data (and code)

Allows datasets to be searched for and
found

Enables interoperability between
datasets

Facilitates data reprocessing

Promotes efficient use of resources



Metadata for nuclear physics experiments: Why? F..\IR == I

Metadata essential in Research Data Management and Open Science to enable FAIR data (and code)
More info: Guide to HMC Better Metadata Booklet

2022: We needed a metadata scheme ‘for GSI’:
. Ambitious, at the same time not ambitious enough?

GSIl data is broad and complex: areas of plasma physics, material science, bio physics, hadron
physics, atomic physics, nuclear physics, theory etc etc.

Where to address?: Community consultation

Starting point: No common schema (yet) between nuclear physics experiments

HOW STANDARDS PROUFERATE:
 Overlaps with other ‘particle accelerator’ fields R [ R.mm':mm
. .. WE NEED To DEVELOP
* Many labs in Europe to obtain input from SITUATON: || 1€ IWWERA SO || g o
 Is afield that needs to tackle RDM/Open Science, M CorPEInG °Sﬁ°555 Yo b CovPETIG
behind the curve o }A\ % e
Caution: Don’t reinvent the wheel!

Look for synergies with NeXUS, HELPMI, OpenAIRE et al. By Randall Munroe: https.//xked.com/927
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-%20https:/oceanrep.geomar.de/id/eprint/55270/7/2022_HMC-metadata_in_briefs_1_web.pdf
https://xkcd.com/927

Synergies: EURO-LABS F_\IR == II

Goals:

Providing efficient access to the available resources to a large
fraction of EUROpean Laboratories for Accelerator Based Sciences
(EURO-LABYS)

Bringing together the three communities engaged in Nuclear
Physics, Accelerator and Detector technology for High Energy EUR‘*I;I}UBOSS
Physics ) i

Allowing a synergic implementation of best practices for data
management and activities relating to targeted service

improvements at these RIs

Creating synergies and collaborations between the RIs of the
Nuclear and High Energy communities

Enhancing Europe's potential
https://web.infn.itt EURO-LABS/

This project has received funding from the European Union’s
Horizon Europe Research and Innovation programme under
Grant Agreement No 101057511.
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https://web.infn.it/EURO-LABS/

Synergies: EURO-LABS WP 5.2
Data management and Open Science F_\IR == 1L

EURO-LABS : Providing efficient access to the available resources to (.’_ >
a large fraction of EURO-LABS EUR®:-LABS ¢
Participants: CSIC, GANIL (Leading partners), INFN, CNRS, 1JCLab, GSI P openP
( Goals ) ’ DAQ @ @ Data Officer
Developing services to enhance F.A.I.R data principles f(;\ 3
n [ omrs )
Integration of Nuclear Physics community to existing Op:ﬂgp’ i | PETment
infrastructures/services of EOSC environment - using present o0 a9 ﬁ
experience from ESCAPE/HEP physics community DEV E— (@]

Setup Callechon

USER

TFTIL
gl &
J:

A J ® Saftware B TR
0® =] ||e®

-~ Developments N

Open Science School @ GSI: November 2024: Training and —

lectures for PhD Students/Postdocs delivered by experts meers@) o ) O-0

CC-BY-SA A. Matta, created with help of Vecteezy.com

openNP catalogue of experimental datasets, auxiliary data,

DAQ software, Analysis software...

Metadata for Nuclear Physics Experiments

Authentification and Authorization Infrastructure

A This project has received funding from the European Union’s Horizon Europe

\_ Http connection to lustre -> Open Data (|arge VOlume) ) Research and Innovation programme under Grant Agreement No 101057511.
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https://vecteezy.com/

Synergies: PUNCH4NFDI (Germany) F_\IR =0

Task Area 2 “Data management” — IT department

» Automatization and optimization of big data management workflows

Task Area 4 “Data portal” — Research Division -

* NFDI4Microbiota DataPLANT

KonsortSWD  Nppi4immuno FAIRagro
Mapping and collating metadata :

NFDI4BIOIMAGE

i i & ... ralnin 7 l:i,e < ext+ Pro::zion
. +»Build and.operate the science data portal i -

Task Area 6 “Synergies and services” — IT department st i
* Authorization and authentication infrastructure T

NFDI4Health «

BERD@NFDI =

: 1 S SR ota  peepration P .
™ ) 4 Clolied AP % (AT '
oY | % : 3 R 2 H ige .
{ U | 3 25 = 3 | S s NFDI4Objects *
| BB 5 e ., > ong Ten Error
i’ 2o 5 Archoin
2
I : < i >

*, NFDI4Energy NFDI4Memory
it . NFDI-MatWerk NFDI4Biodiversity o *
* . ., NFDI4DataScience , . * °

The prime goal of PUNCH4NFDI is the setup of a federated and "FAIR" science data platform,
offering the infrastructures and interfaces necessary for the access to and use of data and

computing resources of the involved communities and beyond. This will help to master the
C:hallenges of big data, open data, and FAIR workflows.
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Pilot: GSI accelerator facility F-\IR === 1

lon sources
Type,
Projectile lon...

o

Accelerators
Beam Energy
Beam Intensity

Separators
Type, Reaction...

Experimental areas

/ - Produced Isotope
' Experimental setup...
Green Cube
Dataset location, size,
=~ 7 code repository....
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Pilot: Standard Workflow in Experimental Nuclear Physics F_\IR ===

A

Workflow is representative of
experimental procedures at GSI and
similar facilities.

Each stage generates specific metadata
crucial for data management.

Our metadata stratification and

categorization is grounded in this
workflow.
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Pilot: Stratifying metadata structure

Discipline specific
metadata
Projectile data, target data,

infrastructure, detector type,
datasets, software repositories

Dataset specific

metadata
Data headers, structure....

GSI Helmholtzzentrum fur Schwerionenforschung GmbH
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Project specific
metadata
Project name, publication date,

collaborations, researchers,
institutions, journal references

Experiment specific

metadata

Reaction data, gamma-ray
energies, time of flight
parameters, instrument records



Pilot: Design and Implementation . \IR
icato™ GBS
‘ n
« Contact with EuroLabs Part- d\ﬂgs \ s ATOMKI, LATR-IST
« Developme~’

 Supporto

M Metadata NP &

Git Project Basic Spreadsheet Django Backend JSON/XML Schema

Software: https://doi.org/10.5281/zenodo.14770678
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https://doi.org/10.5281/zenodo.14770678

Nuclear, Astroparticle, and Particle Physics Metadata
Integration for eXperiments (2024 - 2026) F_\IR == II

N https://www.oscars-project.eu/projects/napmix-nuclear-astro-and-particle-metadata-integration-experiments

The NAPMIX project emerged to address a significant gap in nuclear, astroparticle and particle physics: the lack of a unified metadata
schema necessary for achieving FAIR datasets. This challenge extends to the fields of particle and astro-particle physics, highlighting
the need for a collaborative European effort to create a common metadata schema with user-friendly infrastructure. By integrating

expertise across these domains, NAPMIX aims to enhance data management practices.

= < iversidad Auténoma
[ T UAM i o || e——
GANiIL s FAIR
A= "
e HMC EURO{J LABS

ggtggg&szgé%ﬁL%%hgr Centro Nacional de Aceleradores

HOUN oo, T E=n D Ee0SC

R EN - Karlsruher Institut fur Technologie
The guthors qcknowledge the OSCARS prqje(?t, V’VhICh has Funded by:
received funding from the European Commission’s Horizon
Europe Research and Innovation programme under grant .s::o. OSCARS Funded by
agreement No. 101129751 :,:.:.: Open Science Clusters Action the European Union
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https://www.oscars-project.eu/projects/napmix-nuclear-astro-and-particle-metadata-integration-experiments

NAPMIX Project Outline F-\IR I= "= 1L

« Afront-end generator for user input, producing outputs in both machine and human-readable formats.
« A multi-layered ‘nodal’ structure to incorporate use cases based on real experimental datasets.
« Connections to existing ontologies such as DataCite, OpenPMD and NeXus.

» Interfaces to current infrastructures as a pathway to an Open Science Ecosystem.

» Testing and deployment of the schema with multiple use cases to enhance data FAIRness.

« Training for researchers on the importance and application of metadata.

»24 Months (01/12/24 - 30/11/26)

Concept :mplementation
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NAPMIX Project Goals

FAR ==

Development of a community in experimental nuclear, astro-particle, and particle physics to
generate a common metadata schema and user interface -> Consortium input, options to onboard

new partners

NAPMIX Database Reference Structure
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NAPMIX Project Goals F-\lR =P

Ensure the scheme is enriched with multiple use case ‘nodes’ based on real experimental datasets
-> Use case collation and enhance database for cross domain capabilities

Pivase il his column for an examp dataset

2200 g

' NAP cross-

domain
Metadata

]
H
BEEEEEERE]

ﬁiﬁ

::::
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NAPMIX Project Goals

FAR ==

Develop a frontend interface for end-user input with outputs in machine and human readable
formats -> SciCat/REACT/InvenioRDM... Outputs to JSON, XML + XSD Validator

Open Source Solutions: e.g. SciCat

ﬂg@n@@{z

Manage and annotate your scientific data

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

Investigate available options

Andrew Mistry — NAPMIX Project Overview
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NAPMIX Project Goals

FAR ==

Establish connections and mappings to existing/ongoing ontologies -> DataCite, NeXuS,
OpenPMD, HELPMI...

Model Cardinality Metadata Dependent on Entry Sectio | NAPMIX Proposed Standard DataCite
General Information
Project 1 Project Name Projects projectName: Titte
Project 1 Publication Date Projects projectPublicationDate: PublicationYear
Project on Proposal Number/Project ID Projecis projectProposalNumber Identifier? If Unique
Project 0+ POF Topic ProgramQrientedFunding | Projecis projectPof N/A
Project 0+ Journal references JoumalReference Projects projectJournalReferences (relationType: ISR Type: DOVURL)
Project 0+ Software references e Projects projectSoftwareReferences (relationType: ISR Type: DOVURL)
Project 1+ of Data Institute Projects projectinstitutes ( Type: !
Project 0+ Infrastructure Infrastructure Projects projectinfrastructures TBD
Project 1+ Reactions Reaction Projects projectReactions /A
Project 0+ Collaboration link to project Collaboration Projects projectColiaborations
Project Created by projectCreatedBy (contributorType: C
Project Created at | projectCreatedAt created_at: date (dateType: Created)
Project Updated at | projectUpdatedAt updated_at: date (dateType: Updated)
e’
y 0
‘@ ¢ open
open(P ' w M D
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NAPMIX Project Goals F-\lR =P

Implement interfaces to existing infrastructure as a stepping stone towards an Open Science
Ecosystem -> API/GraphQL capabilities, Repository Ingestion

Metadata Transfer

ooy
oD

GATE =
Proposal Metadata
Management

Journal

: Instrument Open Data Software
article

<MyCoRe/>

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Andrew Mistry — NAPMIX Project Overview 17



NAPMIX Project Goals

FAR ==

Test the deployment of the schema and interface with a number of use cases, publishing use-

s
L =

CANIL
HZDR

HELMHOLTZ ZENTRUM
DRESDEN ROSSENDORF

HUN oo, ST ===x
R E N ; T/'::A) I?}nmmﬁmmhmmg\s

<HMC>

GSI Helmholtzzentrum fur Schwerionenforschung GmbH
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cases with data to enhance the FA.l.LR-ness of the data -> Institutional/Discipline specific
repositories + Platforms (e.g., PUNCH RPR) Schema Ingestion, Metrics on uptake
i M g ey
& FAIR For example: :
F oARMSTACT  Deployment of app in partner
institutions
Apply to given use cases (including

data publication!)

18



NAPMIX Project Goals

FAR ==

Teaching and training on the purpose, scope, and use of metadata to researchers -> Drive Uptake

among researchers

Hands-On Metadata/RDM workshop for researchers (2026)
» Basic training on the purpose of metadata
* Apply metadata to their projects including application

Expectations Reality Aim

00 goop THING 20 L 1 don't kinow
| HAD A PLAN! how to fill it ou

Great!
ow | have helpful,
guidance

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Andrew Mistry — NAPMIX Project Overview
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NAPMIX Project Goals F-\IR === 1

Publish the schema and broadening connections within the ESCAPE community and EOSC ->
Links and synergies, ensure longevity of outcomes

nnnnnnnnnnnnnnnnnnnnn \4
BASED SCIENCES
Europeon Science Cluster of Astronomy &
Farice e SRR resesren I uctores

cNeosc

RI’s and universities

Broaden engagement to other RI’s and universities
Additional use cases can always be added, the project forked in Git etc

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Andrew Mistry — NAPMIX Project Overview 20



Project Schedule (Basic) F.\IR =B

Year | 2024 2025 2026

Meonth | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov

Tasks: Deliverable D1: Written report on the pilot model and publishing the
Kick-off Workshop prototypg database structure to the Open GitLab project -> CHEP
Proceedings

Deliverable D2: Written report/Presentation on the choice of front

Data Enrichment Strategy Implementation end and implementation of the structure

Deliverable D3: Published article or white paper on the NAPMIX

Metadata Schema Testing and Publication schema including use case examples and proof of FA.LR. data
Comprehensive Training Workshop publicaion
EOSC integration and project dissemination Deliverable D4: EOSC presentation event

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Andrew Mistry — NAPMIX Project Overview 21



NAPMIX in the Context of ESCAPE FAR ==1r

European Seience Cluster of Astronamy &

Particle physics ESFRI research Infrastructures

AN

* Links to DIOS: exchange and interoperability of the scheme into the interface?
« RESTAPIs (or GraphQL) endpoints -> API specifications

*  Community building and schema enhancements, further use cases?

* AAIl mechanisms

+ Data cataloguing (including OpenNP project from EURO-LABS)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Andrew Mistry — NAPMIX Project Overview 22



summary FAR ==u

OPEN

INFRASTRUCTURE gﬁ"\ 2 3 OPEN PUBLICATION
Next steps: 2™ 0=

Use Case Development & |
Development of Database U (@ sClenCE |
Investigations into Suitable Front-End

OPEN DATA

— —
OPEN PROJECTS @ 0 m OPEN SOURCE
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The authors acknowledge the OSCARS project, which has
received funding from the European Commission’s Horizon

Europe Research and Innovation programme under grant .0::0, OSCARS Funded by
agreement No. 101129751 Sg® the European Union

0..‘. or Researcl :.-:_._.
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The Database Schema Design F_\IR =5

Project cluster S|

l Journal_Reference ‘

A

| Infrastructure_Type |

Collaboration
Department

A
Software_Reference |

e O]

7
( —\1 { Researcher_Institute |
|

Project_Institute_Ds rt t
Project_Collaboration | | Project_Journal_Reference ‘ ‘ roject_Institute_Uepartmen |

7 O [

| Project_Researcher |

Institute_Department l

Project_Software_Reference |

Infrastructure

Project_Infrastructure

Project_Reaction Project_Dataset
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The Database Schema Design F_\IR =5

Dataset cluster

Institute Researcher License

Type Category
L t !
Researcher_Institute l 1 (
f Format

Data_Collection ﬂ (—}

Dataset_Format

Dataset_Reaction ‘ . J

. Dataset_Researcher 1
Dataset_Simulation_Package

[

Project_Dataset ‘
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The Database Schema Design F_\IR =5

Experiment cluster

. Thickness_Unit [ Source_Measurement_Parameters |

¥ 3
[ ]
A -
Reaction_Type
| Rear_Backing I Front_Backing ]
‘ Beam_Energy_Unit | 'y A
4 Reaction
A Source_Type
- \ S
- T
-
Frequency_Unit y ]
-
Particle — Dataset_Reaction

Beam_Spread_Unit
‘ y y | T Density_Unit | Project_Reaction

Beam_Intensity_Unit | A

I [ ) [ 1 1 1HIT

| Product | Target ‘
. F 3

-

Target_Location

—

Projectile Reaction_Channel I ( — Target_Isotope ‘

Target_Material I
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Metadata Schema Generator - data serialization F_\lR =P | |

[ Python Object J

Serialization Deserialization

JSON format/XML format/Byte stream

Serializing each smaller cluster
separately,

o Increased schema flexibility,

/ Relationships maintained
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Metadata Schema Generator

GSI Metadata Administration

Home » Gsimetadata » Projects

FAR E=x

WELCOME. ADMIN. VIEW SITE / CHANGE PASSWORD / LOG OUT (p

Start typing to filter...

Select Project to view

Groups + Add

Go | 10of5selected
Users + Add
Export to ]SON (GSI enceding)

O m - )

L st Export to XML (GSI encoding) uclei far from stability
Datasets + Add . .

O Eexp\Export to XML (DataCite encoding) /| experiments with stopped ion beams
Infrastructures + Add -

L] Test of all Metadata
Institutes + add

The 48Ca+181Ta reaction: Cross section studies and investigation of neutron-deficient 865Z<93 isotopes
Projects + Add

R 5 Projects

Reactions + add
Researchers + add

PUBLICATION DATE
July 15, 2024

July 1, 2024

June 28, 2024
June 13, 2024

April 11, 2024

INSTITUTES
GSI

G5, GSI
G5l

G5, GSI

GSI

ADD PROJECT +

PROPOSAL NUMBER

5100
5482
G111-X¥Z

G2024-123

A tool that allows users to export comprehensive metadata for a selected project.

Supports multiple formats and encoding standards.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Metadata Schema Generator

XML schema

<Reactions>
<Reaction>
<name>208Pb + 9Be</name>
<reaction_type>Fragmentation</reaction_type>
<source_type>Accelerator</source_type>
<Projectiles>
<Projectile>
<Isotope>Lead (Pb-208)</Isotope>
<Percentage>100.0</Percentage>
<Beam_energy>1050.0</Beam_energy>
<Beam_energy_unit>Megaelectronvolt/nucleon (MeV/u)</Beam_energy_unit>
<Beam_operation>Pulsed</Beam_operation>
<Average_beam_intensity>1500000000.0</Average_beam_intensity>
<Beam_intensity_unit>Particles per spill (pps)</Beam_intensity_unit>
<Beam_destination>HFS</Beam_destination>
<Beam_type>Stable</Beam_type>
</Projectile>
</Projectiles>

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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JSON schema

"reactions": [

{

"name": "208Pb + 9Be",

"reaction_type": "Fragmentation",

"source_type": "Accelerator",

"projectiles": [

{

"isotope": "Lead (Pb-208)",
"percentage": 100.0,
"beamEnergy": 1050.0,
"beamEnergyUnit": "Megaelectronvolt/nucleon (MeV/u)",
"frequency_type": "Pulsed",
"beamIntensity": 1500000000.0,
"beamIntensityUnit": "Particles per spill (pps)",
"beam_destination": "HFS",
"beam_type": "Stable"

29



Metadata Schema Generator - Custom attribute names F_\IR == I

Original attribute
name

Desired attribute
name

Attribute names can be customized via code (array mapping),

Supports interoperability across platforms and institutions,

Provides flexibility to meet specific metadata standards,

Plans for making attribute customization more accessible through the Ul.
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