
45

DEUTSCHE BUNSEN-GESELLSCHAFT

Zurück zum Inhaltsverzeichnis

NFDI-CONSORTIA

Claudia Draxl, Heiko B. Weber

FAIRmat – democratizing  
data-enhanced research

Prof. Dr. Claudia Draxl
Theoretische Festkörperphysik, Humboldt-Universität zu Berlin
Zum Großen Windkanal 2, 12489 Berlin
claudia.draxl@physik.hu-berlin.de
https://sol.physik.hu-berlin.de/
Prof. Dr. Heiko B. Weber
Lehrstuhl für Angewandte Physik,
Friedrich-Alexander-Universität Erlangen-Nürnberg
Staudtstr. 7 / Bau A3, 91058 Erlangen
heiko.weber@fau.de
https://www.lap.physik.nat.fau.de/

DOI-Nr.: 10.26125/5x3m-gy43

Imagine, you have got excellent optical spectra after changing 
your crystal growth protocol. Now you want to compare the re-
sults with data from five years ago that were measured by a 
student who left your group. In most cases, this will impose diffi-
culties in finding the respective dataset, getting all the relevant 
background information that might (or might not) have been 
laid down in a handwritten lab book. Then you might experience 
that the two datasets cannot be compared one-by-one because 
they lack relevant details. Often it appears easier to redo the 
old experiment rather than trusting old data. What a pity!

Imagine, you want to be a pioneer in your field and introduce 
a data-driven approach by training a Large Language Model 
(LLM) with all the relevant results worldwide. You have to or-
ganize a mechanism that crawls through heterogeneous data, 
in various formats and standards distributed at many places. 
In physical chemistry, this endeavor appears impossible today. 

In both cases, it would be desirable to have the data in a stand-
ardized representation that respects the FAIR principles (find-
able, accessible, interoperable, and reusable) [1]. More prac-
tically, a platform that efficiently organizes FAIR data would be 
helpful. It would be a place where you can find and access the 
data, where interoperability is invisibly organized, and where 
everything is prepared for data reuse – for data collections from 
your own lab as well as worldwide open-science data.

This is the mission of FAIRmat [2]: supporting condensed-mat-
ter physics and the chemical physics of solids with a single 
integrated, extensible, distributed FAIR Research Data Man-
agement (RDM) service. A core element of FAIRmat is its 
comprehensive data management platform NOMAD [3]. As 
an infrastructure with structured data and interoperability as 
primary design principles, NOMAD fosters the definition of 
rich data schemas, acquisition from a wide range of sourc-
es, transformation of raw files into structured and reusable 

data, data sharing across institutions, and scalable analysis. 
With NOMAD, you can collect, organize, share, analyze, and 
publish FAIR data across the scientific core areas synthesis, 
experiment, and computation with a rich scientific spectrum 
of domain-specific applications. 

NOMAD is an open-source software [4] that comes in two fla-
vors: NOMAD and NOMAD Oasis (see Figure 1). We start our 
description with NOMAD Oasis that can be installed in your lo-
cal and protected environment – on your desktop as a stan-
dalone service, or at your institution as a cloud service. There, 
you can organize your group’s data. It can serve as a working 
environment where every result, be it from experiment or theo-
ry, is immediately processed and stored. The software includes 
also lab notebook functionality. You can perform complex anal-
yses of your data using NORTH, the NOMAD Remote Tool Hub. 
It enables users to run containerized scientific tools and Jupyter 
notebooks directly on NOMAD-hosted data via a web browser. 
You can give selective access to your collaboration partners 
and even run joint, federated NOMAD Oases networks.

Currently, we count more than 85 registered NOMAD Oases 
worldwide – and are aware that there are many more in use. 
You may customize your NOMAD Oasis according to your spe-
cial needs, using NOMAD’s plugin mechanism. There are highly 
specialized plugins for perovskite solar cells, for catalysis, and 
for battery research, as well as others for specifying local work-
flows and electronic lab notebooks. The plugin concept was 
introduced less than two years ago, and since then, the com-
munity has shared already about 100 plugins that can be used 
and further developed by anyone.

Fig. 1: The NOMAD ecosystem.
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If you want to publish a dataset from your NOMAD Oasis, you 
simply transfer it to NOMAD. This is FAIRmat’s central open-sci-
ence platform, and in essence, the identical software. Here, you 
can by now find about 20 million complex entries, representing 
4 million materials. For historical reasons, the vast majority of 
data in NOMAD are so far computational data. Upload of exper-
imental data has started only recently. Similar to the NOMAD 
Oases, one can truly work on NOMAD with all its data. Here, you 
may compare world-wide research results and train AI models 
or LLMs. NOMAD, counting 4,000 visits per day from all over 
the world (see Figure 2), is the leading platform for analyzing 
materials data.

you may compare electronic structure from many different 
sources. Here, the results are predominantly obtained from 
density-functional theory (DFT), more recently also from wave-
function-based methods. Meaningful comparison of physical 
quantities is possible because of the rigorous underlying data 
schema. When you upload data with a known data structure 
into NOMAD, a rich and highly-specific metadata set is immedi-
ately assigned. This applies, for example, to DFT data, where a 
large number of community codes is already supported through 
parsers. It also applies to experimental data that follow the in-
ternational NeXus standard. In these cases, you don’t have to 
do anything, the (meta)data are automatically stored according 
to NOMAD’s underlying schema, Metainfo [5]. If, however, the 
format is yet unknown to NOMAD, upload is possible by provid-
ing the data schema or workflows together with the data. 

FAIRmat has developed “helpers”, software that supports 
the researchers. One is pynxtools, which translates data from 
angle-resolved photoemission spectroscopy (ARPES), X-ray 
photoemission spectroscopy (XPS), various optical spectros-
copies, atom-probe tomography, electron microscopy, and 
scanning-tunneling microscopy into the international NeXus 
format. With NeXus, data not only follow international commu-
nity standards, they are automatically processed by NOMAD. 

A valuable tool for orchestrating experimental labs is NOMAD 
CAMELS [6]. It is a software that has been developed to sim-
plify the control of homebuilt experiments. Instead of spending 
weeks and months for writing a control software, an experiment 
can be organized with CAMELS within minutes or a few hours. 
CAMELS handles the communication with the instruments, and 
the scientist only needs to configure elements like a sweep, a 
loop, a PID control, or similar. CAMELS provides a graphical rep-
resentation and organizes data evaluation. Most importantly, 
it writes the data in a standardized and highly structured way, 
including all available metadata, and cooperates with electronic 
lab books. Therefore, the data are immediately understood by 
NOMAD. With its application programmable interfaces (APIs), 
CAMELS is further developed as a backbone for lab automation. 

The entire NOMAD ecosystem is open source. We experience 
valuable contributions from the community – within and outside 
Germany. To learn more about our developments and services, 
we recommend to follow our rich video documentation (more 
than 360 videos on our YouTube channel [7] with more than 
1,500 followers). In particular, the young generation of scien-
tists prefers to contact us via our Discord channel [8] to get into 
immediate contact with our software and domain experts. FAIR-
mat further attempts to bring data skills into the university cur-
ricula. Equipped with the necessary competencies, our students 
will become a driving force for dynamic, data-enhanced science.

This brings us back to our overall objective, which is to prepare 
for the fourth paradigm of science: Processing and collecting 
data shouldn’t be an end in itself. A thoughtful and consequent 
handling of data gives immediate benefits to every research-
er. Even more important is the emerging gain when structured 
data and AI come together. FAIRmat is committed to boost the 
cultural and technological change in solid-state physics and 
related disciplines. 

Fig. 2: NOMAD users from Germany and Europe-wide in July 2025.

Both NOMAD and NOMAD Oasis provide a rich portfolio of func-
tionalities. For instance, the software is designed for meaning-
ful domain-specific queries. To give an example (see Figure 3): 
You may specify a search for solar cells that have C60 as an 
electron conduction layer, further contain the element tin, and 
have an open-circuit voltage between 0.8 V and 1 V; and you 
may further filter the results by looking for data from a specific 
lab or from a certain timespan. If you have different needs, you 
may specify your own search app via the plugin mechanism. 

NOMAD emphasizes interoperability, which is the most difficult 
aspect of FAIRness. On the computational side, for example, 

Fig. 3: Screenshot of a NOMAD search app. It is used for exploring experimen-
tal data of solar cells with various device parameters.
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We are happy about the opportunity to develop FAIRmat’s ideas 
and solutions as part of the National Research Data Infrastruc-
ture (NFDI). Due to the NFDI and its 26 consortia covering a 
broad range of scientific disciplines, Germany is now in a lead-
ing position with respect to FAIR research data. FAIRmat con-
sists of ~90 scientists (Principal Investigators, PIs) and about 
35 employees. Our international PIs build bridges to similar ef-
forts within Europe. We expect to be part of the European Open 
Science Cloud (EOSC) [9] soon.

The discussion how NFDI will be shaped beyond 2028 has be-
gun. We appreciate the clear political commitment in favor of 
the NFDI becoming a permanent national institution. However, 
care has to be taken that this effort remains close to the re-
quirements of the scientific domains rather than providing re-
search data management as a discipline-agnostic, mere tech-
nical service. To keep up with the pace of the latest scientific 
developments, the infrastructure needs continuous adaption 
to ever-new methods, materials and functions, as much as the 
exchange with leading scientists of the respective disciplines. 
These community needs should be considered when designing 
the govermental structure of the future NFDI.
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