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DAPHNEANFDI: Data infrastructures

for photon and neutron science

The 2024 Nobel Prize in Chemistry honored breakthroughs in
Al-based protein structure prediction and highlighted a lesson
that reaches far beyond structural biology: transformative sci-
entific advances increasingly rest on decades of shared exper-
imental data. In this case, the Protein Data Bank (PDB) [1],
a curated repository of experimentally determined structures,
provided much of the structural “ground truth” used to train
and benchmark modern machine-learning methods [2]. Built
over decades from measurements at large-scale facilities,
most prominently synchrotron X-ray crystallography, comple-
mented by neutron methods and, increasingly, cryo-electron
microscopy, the PDB demonstrates how sustained data cura-
tion can turn individual experiments into a collective resource
with long-term scientific impact.

A comparison with everyday practice in physical chemistry
highlights how exceptional this situation still is. X-ray absorp-
tion spectroscopy for example, is a widely used technique at
photon sources, but despite progress many datasets record-
ed a decade or more ago are rarely reused to address new
scientific questions. While the underlying data may still exist,
essential information on instrument configurations, calibration
procedures, background treatment, and analysis strategies is
often no longer preserved in a form that enables reuse. The
contrast with the PDB underscores that long-term data reuse is
not an automatic consequence of experimental quality, but de-
pends on sustained community standards, shared infrastruc-
tures, and continuous stewardship related to all steps of the
data capture and analysis as is currently being developed in
the RefXAS reference database [3].

The 2024 Nobel Prize in chemistry also illustrates a broader
point relevant to physical chemistry and materials research:
powerful data-driven methods emerge when high-quality ex-
perimental data from large-scale facilities are systematically
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curated and made reusable. The ability to design materials,
catalysts, and pharmaceuticals with targeted properties in-
creasingly relies on the combination of advanced photon and
neutron experiments with modern machine-learning approach-
es. In this context, next-generation synchrotron and neutron
sources such as PETRA IV (DESY) and the European Spallation
Source (ESS) represent more than incremental improvements
in experimental capability. By delivering data at unprecedent-
ed precision and scale, they provide a foundation for data-in-
tensive and Al-assisted approaches that are essential for ac-
celerating materials discovery, supporting energy-transition
technologies, and enabling innovation in industrial research,
provided that experimental data can be systematically curated
and reused.

While next-generation sources will further amplify these pos-
sibilities, many of the underlying challenges already exist
today. In physical chemistry, materials science, and related
disciplines, complex photon and neutron experiments are per-
formed every day, but their results are far less systematically
preserved, described, and reused across projects and insti-
tutions. This gap becomes increasingly critical as photon and
neutron science enters an era of unprecedented data produc-
tion. Modern synchrotron radiation sources, X-ray free-electron
lasers (XFELs), and neutron facilities generate data volumes
that exceed traditional workflows. With next-generation sourc-
es such as PETRA IV on the horizon, expected to produce data
on the scale of hundreds of petabytes per year, the question
of how experimental results are efficiently analysed, curated,
connected, and reused becomes central to scientific progress.

Photon and neutron experiments often display high experi-
mental complexity. Measurements often involve sophisticated
sample environments, operando or time-resolved conditions,
and multi-modal data acquisition. Reliable data depend sensi-
tively on beam properties, calibration procedures, data-reduc-
tion steps, and analysis choices. Capturing this context in a
structured and reusable way is therefore essential if data are
to remain interpretable beyond the original beamtime.

Addressing these challenges requires more than additional
storage or faster data transfer. What is needed is a systematic
approach that allows experimental results to be found, under-
stood, and reused beyond the original experiment, summarized
in the FAIR principles [4]. In photon and neutron science, inter-
operability relies in particular on shared data standards and
technique descriptions, such as the continued development of
NeXus data formats and the PaNET ontology [5, 6]. Crucially,
FAIR must extend beyond experimental data to include analysis
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software and workflows. End-to-end reproducibility depends on
transparent, well-documented pipelines, including versioned
code, recorded parameters, and persistent links between data
and the software used to process them. Making data and soft-
ware FAIR also strengthens the verification of results and trust
in scientific outcomes [4, 7].

Within the framework of the National Research Data Infrastruc-
ture (NFDI), different consortia address the data-management
needs of distinct scientific communities. DAPHNE4NFDI rep-
resents those researching at large-scale photon and neutron
sources, including synchrotron radiation facilities, XFELs, and
neutron scattering centres, and supports a broad spectrum of
experimental techniques [8, 9, 10]. It supports the research-da-
ta-management needs of a large and diverse scientific commu-
nity. In Germany alone, the photon and neutron user landscape
comprises approximately 7 000 registered facility users, who
carry out thousands of experiments each year and collectively
produce more than 2 000 scientific publications annually. Be-
yond academia, industrial and applied-research communities
increasingly rely on photon and neutron techniques, ranging
from catalysis and pharmaceuticals to engineering, energy
technologies, and fusion-related research.

The strength of the German photon and neutron community lies
in the close cooperation between large-scale research facilities,
universities, and democratically organised user representa-
tions. Facilities provide the experimental infrastructure and
methodological expertise required for state-of-the-art measure-
ments, while universities play a central role in providing domain
knowledge as well as education and training, ensuring that the
next generation of scientists encounters modern data practices
early in their careers. Elected community bodies such as the
Komitee Forschung mit Synchrotronstrahlung (KFS) and the
Komitee Forschung mit Neutronen (KFN) articulate scientific
needs and priorities from the user perspective.

DAPHNE4NFDI is a joint effort of users and facilities, built on a
science-driven, bottom-up approach. Developments begin with
concrete scientific use cases and real experimental needs,
and solutions are shaped through close interaction between
users, beamline scientists, method developers, and univer-
sity-based researchers. Building on a highly successful first
funding period, the current proposed phase of DAPHNEANFDI
focuses on moving from demonstrator solutions to routine,
sustainable operation, accompanied by training activities,
documentation, and community exchange formats that sup-
port broad uptake [8, 9].

The scientific use cases driving these developments span a
wide range of photon and neutron techniques central to phys-
ical chemistry and materials research. They include operando
and time-resolved studies of catalytic reactions and function-
al materials, coherent scattering and X-ray photon correlation
spectroscopy for soft and biological matter, X-ray absorption
spectroscopy, as well as neutron and X-ray diffraction, reflec-
tometry, spectroscopy and imaging. Many of these experiments
are multimodal and depend on near-online feedback during
beamtime, placing high demands on structured metadata and
reproducible analysis workflows.
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To support these use cases, DAPHNE4NFDI provides a growing
portfolio of user-facing services designed to integrate into exper-
imental workflows at large-scale facilities leading to FAIR publi-
cations [11]. These include electronic laboratory notebook con-
cepts tailored to photon and neutron experiments, automated
metadata capture at beamlines, facility-wide data catalogues
based on SciCat and ICAT [12, 13], and curated reference data-
bases such as RefXAS [3]. Persistent identifiers for samples and
datasets strengthen provenance across the experimental chain,
while FAIR-oriented software packaging and workflow descrip-
tions enable reproducible analysis. Near-online inspection and
metadata extraction tools such as DAMNIT demonstrate how
analysis workflows can be coupled directly to data acquisition
handling up to PBs of data per experiment [14].

Beyond the national context, DAPHNE4ANFDI is embedded in
the European research-data ecosystem. Its services are inte-
grated with the German National Node of the European Open
Science Cloud (EOSC) and the Photon and Neutron topical
node, linking facility-based research in Germany to a broader
European open-science infrastructure [15].

Many photon and neutron experiments already rely on auto-
mation, including online data reduction and adaptive scan-
ning strategies. As curated datasets and reference collections
grow, they increasingly enable data-driven and machine-learn-
ing-based approaches to experiment control and analysis.
These developments point toward more autonomous and
adaptive experiments. DAPHNE4NFDI provides the data and
software solutions that make such developments feasible and
reproducible [16].

Photon and neutron science is entering an era of unprecedent-
ed data abundance. The central challenge is no longer data
generation, but sustained stewardship: ensuring that valuable
experimental results remain accessible, interpretable, and
reusable over decades. We need highly curated resources
such as the Protein Data Bank, established across the pho-
ton and neutron techniques. By translating bottom-up scien-
tific needs into interoperable and routinely available services,
DAPHNE4NFDI helps transform individual experiments into a
collective scientific memory. Simultaneously, the community is
actively discussing how such research-data-management in-
frastructures can be maintained and evolved in the long term,
beyond individual project phases, to ensure continuity, reliabil-
ity, and lasting scientific value.
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