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Recent Survey on RDM Practices 
https://oceanrep.geomar.de/id/eprint/57494/
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P. Fuhrmann, A. Geiser, G. Günther, A. Haungs, 
M. Köhler, O. Mannix, S. Servan, C. Wissing + others!

(Thoughts on) Requirements on 
FAIR Data Management



Introduction
Data Preservation, 
FAIR Principles etc.
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Instead of an Introduction (1)

JADE experiment at DESY’s PETRA e+e- 
collider (1979-86) E.g. discovery of three-
jet events à gluon discovery

arXiv:hep-ex/9708034
Eur.Phys.J. C1 (1998) 461

Re-use and re-interpretation
ànew insights!

Interpretation in light of new discoveries 
à far-reaching conclusions.

Herschel’s discovery of Uranus: It is a not 
a star, and discovery of Neptune!

SDSS designed to determine beta 
parameter, focus on galaxies. Later 
numerous discoveries concerning stars. 

New by-product results that 
enter the focus only later.
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Instead of an Introduction (2): ZEUS and DPHEP

One important conclusion: Computers and storage alone (today: federated computing) 
are not enough; software and (meta)data management are as important.

dphep.org, arXiv:0912.0255
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Instead of an Introduction (3): The FAIR Principles
Encountering problems 

to find data  to access data  to understand data  to (re)use data

M. D. Wilkinson et al. "The FAIR Guiding Principles for scientific 
data management and stewardship." Scientific data 3.1 (2016): 1-9.

FAIR Guiding Principles (2016)
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What to do? 
The pyramid of cultural change – different players involved

Labs Communities, 
experiments

Governments, 
Funding 
agencies

All
You

https://www.cos.io/blog/strategy-for-culture-change

https://www.cos.io/blog/strategy-for-culture-change
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NFDI & PUNCH4NFDI

Helmholtz Metadata 
Collaboration HMC
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Nationale Research 
Data Infrastructure (NFDI)

● Sustainable utilisation of research data 
● Establishment of FAIR RDM
● Connection to Europe & the world
● Bottom-up approach: 27 consortia
● Base service initiative
● 5 (+5) year funding (PUNCH4NFDI: 

3,5MEUR/a)

See also DFG.de/nfdi and nfdi.de
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Particles, Universe, NuClei and 
Hadrons for the NFDI

The prime goal of PUNCH4NFDI is the setup 
of a federated and "FAIR" science data plat-
form, offering the infrastructures and interfaces 
necessary for the access to and (re)use of 
(meta)data and computing resources of the 
involved communities and beyond.
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Particle physics Astroparticle physics

AstronomyHadron & nuclear physics
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NFDI Consortia

FAIR RDM   |  JENA Workshop    |  Bologna 12-14 June 2023   |  TS

https://creativecommons.org/licenses/by-nd/4.0/


Page 14

Base4NFDI – a Base Service Initiative Across Consortia
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• Framework for user-driven basic service development
• Starting with IAM, PID services, terminology services
• Building on existing solutions and complementing EOSC
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Helmholtz Metadata Collaboration
§ Make Helmholtz data FAIR
§ Provide services for sustainable and efficient metadata handling
§ Develop, share and consolidate community-expertise in metadata across Helmholtz
§ Address all levels of change pyramid

Helmholtz Association: largest 
German science organisation
6 research fields, 19 centres, > 
40.000 staff, ~ 4.5 billion Euro 
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Helmholtz Metadata Collaboration

General caveat: 
High # of data sets: Harvesting of HEPData
à usefulness of FAIR indicators / KPIs? 
à What is a useful metric for data sets & software? 

https://helmholtz-metadaten.de/en

https://helmholtz-metadaten.de/en


Page 17FAIR RDM   |  JENA Workshop    |  Bologna 12-14 June 2023   |  TS

HMC Survey
https://oceanrep.geomar.de/id/eprint/57494/

https://oceanrep.geomar.de/id/eprint/57494/


FAIR Assessment
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Making Things Operational: PUNCH4NFDI Proposal (2020)

50% of all astronomy publications are based on the 
re-use of “old” data, and astro data are often open.
There are no attached compute resources.

A lot of HEP data are in HEPData (open, F&A), and 
WITHIN collaborations (e.g. at LHC) data are FAIR.
No (?) solutions for medium and small experiments.
Limited I&R.

DOI:10.1186/s40192-014-0022-8

http://dx.doi.org/10.1186/s40192-014-0022-8


Page 20FAIR RDM   |  JENA Workshop    |  Bologna 12-14 June 2023   |  TS

From 15 FAIR Guidelines (2016) to 41 FAIR Indicators (2020)

https://zenodo.org/record/3909563

Metric: Score

Making Things Operational: FAIR Indicators

There are ways to measure FAIRness. Details 
are extremely controversial (scoring systems).
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Example: EMIL at BESSY (PaN Science)

ICALEPS2021, doi:10.18429/JACoW-ICALEPS2021-WEBL05

Particularly nice example:
• Integrating entire data collection and 

processes into FAIR assessment
• Breaking FAIR down to concrete things that 

can be implemented at the lab level
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Example from HMC: EMIL at BESSY (PaN Science)
Example: M. Kubin & G. Günther (HMC)

Automatic & manual 
(meta)data collection in 

ASCII text files and 
(paper?) logbooks

HDF5 / NeXus file 
format: hierachical 
(meta)data, NeXus 

definition language, 
persistent web 

description (URL) à 
machine readable / 

interoperable
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FAIR Assessment
Example: M. Kubin & G. Günther (HMC)

ICALEPS2021, doi:10.18429/JACoW-ICALEPS2021-WEBL05

Numerous approaches; importance 
of process evaluation. E.g. …



Some Usecases
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The EAJADE Project
Europe-America-Japan Accelerator Development and Exchange Programme
A Marie Sklodowska-Curie Research and Innovation Staff Exchange (SE) action, 
funded by the EU under Horizon-Europe.
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Questions:
• Where and how do we store what?
• How long do we store? Just the good-practice 10 years? Persistently? What IDs do we give? 
• How do we organise access to the data? 
• How to create (which) metadata schema and uniform metadata for the project data?
• Who does it? Do we really have to do it? Is it worth it? …

Findings: 
• There is no clear picture of the data and their future treatment. 
• There is no well-specified storage location at hand. 
• There is no idea about a metadata schema for this research. 
• There is no consensus on the necessity. 
• Many technicalities (embargo, AAI, licenses, ..) are absolutely unsolved. 
• …

The EAJADE Project
Europe-America-Japan Accelerator Development and Exchange Programme
A Marie Sklodowska-Curie Research and Innovation Staff Exchange (SE) action, 
funded by the EU under Horizon-Europe.

FAIR … but working on a (preliminary) solution.
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arXiv:0401019 (nucl-ex), PRL 93 (2004) 022002

The A4 Nuclear Physics Experiment (@MAMI, Mainz)
and the PATOF HMC Project
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The A4 Nuclear Physics Experiment (@MAMI, Mainz)

G. Günthermetadata

metadata

data
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The A4 Nuclear Physics Experiment (@MAMI, Mainz)

G. Günther

Assessment
• ROOT files with customized classes: self-describing, binary, requires full software suite

è requires installation of customised
     classes; version control requires 
     containerisation
è solution soon at hand

• ASCII files: neither human nor machine readable
è require conversion to human / 
machine-readable XML format, adding 
metadata through json files (column 
headers, units, ..) 
RDF annotations provide machine-
readable definitions e.g. using ontology QUDT or human-readable context (e.g. using weblinks)

• Electronic lab notebook and readme pages: May contain private / confidential entries
è make black/whitelist; transfer
    to XML/DataCite or html)
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The A4 Nuclear Physics Experiment (@MAMI, Mainz)

G. GüntherFAIR
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The A4 Nuclear Physics Experiment (@MAMI, Mainz)

G. GüntherFAIR

A4 lessons: 
• Most measures could be taken at instrument level (i.e. writing output files in 

machine-readable / -understandable format). 
• Some measures becoming standard – i.e. writing XML instead of ASCII etc.
• F&A on rather good level compared to I&R – repositories are quite advanced. I&R 

essentially requires engagement of community.

PATOF Helmholtz project to finish FAIRification of A4 and carry expertise to other 
nuclear physics experiments and axion / DM search experiments at DESY & Mainz 
(ALPS II, LUXE, P2, …)

Goal: establishing of a FAIR metadata factory and a cookbook with numerous 
recipees for the involved communities.
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Irreversibility Challenge
Increasing data volumes require more and other metadata

Climate modelling:
CMIP6 with 22 PB and 

7M data sets

Light sources: 35k
users. TB/s per facility. 

Factor 104-106 data 
rate increase in this 

decade

SKAO (> 2027): 600PB/a  
(archived); MeerKAT

(now): 3 PB/d (produced 
+ analysed + cancelled)

Genomics / bio-
medicine: complex 

long time series

The “smart city” 
produces massive 
amounts of data

Advancement of knowledge and solutions to societal challenges depend on ICT resources & software. Data 
increase requires new approaches to scientific computing and data management, changing today’s paradigms. 
This requires long-term R&D plan with coordinated efforts from different communities & large R&D investments.

Requires in-flight analytics, data reduction / compression / loss / removal, federated & heterogeneous 
resources, green IT, … To tackle irreversibility challenge and democratise analysis: Massive investment in 

metadata annotation and FAIR & open data (1/3 data, 1/3 metadata, 1/3 simulation) à role of EU funding!

FAIR???



(Infra)Structures
Culture
Boundary Conditions
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Make it possible, easy (normative,rewarding)
Technical and conceptual solutions, individual services, single experiences …
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Make it possible, easy (normative, rewarding)
Labs, collaborations, communities, …

Virtual Observatory
CERN Open Data

European structures and services
German ErUM-Data (erumdatahub.de) ZENODO

ICFA
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Make it normative (possible, easy): Policies

Helmholtz Open Science policy
https://gfzpublic.gfz-potsdam.de/rest/items/item_5013535_1/component/file_5013536/content

• FAs and institutions must issue RDM 
policies – creating pressure in two 
directions: users must comply, 
institutions must make it possible 
(funding). 

• Example: Helmholtz now preparing for 
including FAIRness of produced data 
sets in its KPIs for the next funding 
period. 
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Funding Agency Level

EU, German Research Association DFG (and certainly others) (need to)issue
policies, and they require us to provide FAIR, sustainable and open data management.

But (today mostly) no dedicated funding for data management, data curation in projects.

Nature 578 (2020) 491 

https://www.bmbf.de/SharedDocs/P
ublikationen/de/bmbf/1/772960_Op
en_Access_in_Deutschland

https://wisspub.net/tag/g7/

Policies, requirements, funding, …

https://wisspub.net/tag/g7/


Conclusions
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The Large Picture - Requirements

• Challenges require massive metadata 
harvesting – with tools that are not yet there.

• ML à need to harvest as many as possible 
machine-actionable metadata!

• Necessity of long-term investment plan! 

Sustain- 
ability

Irre-
versi-
bility

Big data

FAIR-
ness

• data policy and FAIR definition
• data steward
• Regular FAIR assessment
• Training, education, awareness

Labs Communities, 
experiments

Governments, 
Funding 
agencies

All
You

• Global AAI
• Change of mind
• Think metadata
(1/3,1/3,1/3!)

• Funding applications
• Standards and ter-
minologies 

• Recognition
• Communication

• Policies
• Funding
• Check implementation
• Liaisons
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Essential Tools for FAIR PUNCH Data
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Data

Federated
infra-

structures

Platform
Protocols

Digital 
research
products

Policy

Training
Education
Communication

Awareness

Money

Data stewards

Assessment

Workflows
Algorithms

Software Metadata
(schemas)

1/3 data
1/3 metadata

1/3 simulation

FAIR
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http://docs.g-vo.org/talks/2013-tuebingen-lam
eex.pdf

(M
arkus

D
em
leitner)

On Open Data

http://docs.g-vo.org/talks/2013-tuebingen-lameex.pdf
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Thank you!

The PUNCH4NFDI Consortium
Spokesperson: 
PD Dr. Thomas Schörner (DESY, thomas.schoerner@desy.de)
DESY, Notkestr. 85, D-22607 Hamburg

Contact: 
Mail: punch4nfdi@desy.de
Web: www.punch4nfdi.de
Twitter: @punch4nfdi 
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