
International FAIR Digital Objects Implementation Summit 2024 

Extended Abstracts 

https://doi.org/10.52825/ocp.v5i.1201 

© Authors. This work is licensed under a Creative Commons Attribution 4.0 International License 

Published: 18 Mar. 2025 

FDO-Based FAIR-by-Design Upgrade of an   
Interdisciplinary Research Infrastructure for 

Nanoscience  
Dario De Angelis1,* , Irene Modolo1 , Rosella Aversa2 , Giuseppe Piero Brandino3 , 

Stefano Cozzini4 , Ruggero Lot4 , Mirco Panighel1 , Andrea Recchia3 , 
Cristina Africh1 , and Giorgio Rossi1,5 

1CNR - Istituto Officina dei Materiali (IOM), Strada Statale 14-km 163.5, Basovizza, 34149, Trieste, Italy 
2Steinbuch Centre for Computing (SCC), Karlsruhe Institute of Technology, Hermann-von-Helmholtz-Platz 1, 

76344 Eggenstein-Leopoldshafen, Germany 
3eXact Lab, Via Francesco Crispi, 56, 34126 Trieste, Italy 
4AREA Science Park, Padriciano, 99, 34149 Trieste, Italy 

5Dipartimento di Fisica, Università degli Studi di Milano, Via Celoria 16, 20133 Milano, Italy 

*Correspondence: Dario De Angelis, deangelis@iom.cnr.it

Abstract. The presentation describes the strategy of FDO-based generic digital workflows in 
nanoscience adopted for the data management upgrade at the Nanoscience Foundry and Fine 
Analysis Digital Infrastructure (NFFA-DI). The approach and framework improve the digital 
traceability of the workflow in the field of growth and structural characterisation of nano-objects 
and nano-structured materials in the context of condensed matter experiments by designing 
strategies for complete digitisation of the laboratories. 
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FDO-based FAIR-by-Design Upgrade of an Interdisciplinary Re-
search Infrastructure for Nanoscience  

It is an acknowledged fact that modern scientific research requires more than just experimental 
instruments [1] or theoretical models to efficiently improve the description of reality. Here we 
present the strategy adopted for the data management upgrade at NFFA-DI (Nanoscience 
Foundry and Fine Analysis Digital Infrastructure). NFFA-DI is an Italian PNRR project for the 
upgrade of a distributed research infrastructure for nanoscience. It is the extension of NFFA 
Europe (European distributed research infrastructure) with an additional key feature i.e. a 
FAIR-by-design operating mode. NFFA infrastructure integrates nanofoundry laboratories (for 
atomically controlled growth and structural characterisation of nano-objects and nano-struc-
tured materials), Large-Scale Facilities (for fine analysis of matter based on radiation sources), 
and distributed theoretical tools (for condensed matter simulation). 

In this framework, we designed strategies for the complete digitalization of the laboratories 
and for the digital tracing of the workflow concerning condensed matter experiments. Data are 
generated in an interdisciplinary environment and show a considerable variety in size, format, 
complexity and domain application. The main challenges we are facing in implementing an 
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efficient workflow are related to the interpretation and application of the FAIR principles in dif-
ferent contexts. 

We introduced the concept of Fair Digital Objects in our project as a universal paradigm 
for the management of the generic digital workflow in order to fulfil the FAIR-by-design imple-
mentation principle. With this aim, sample production history and measurement output will be 
stored in FDOs, as well as the specifics and history of the experimental instrumentation. Ex-
periments will be described by the information extracted from electronic logbook and collected 
in DOs. These will be attached to the measurement output to create datasets that are compliant 
with the specifics of FDO, and stored in a NOMAD Oasis repository, hosted by each infrastruc-
ture access-node. Along with the creation of the Data Management Plan for the NFFA facilities, 
we designed conceptual schemes for the implementation of a dedicated data management 
and storage infrastructure that will be implemented in the near future. 

Our work is intended to address the issues coming from the fact that more than ever, the 
ability to collect, share and retrieve FAIR data has become critical to perform state-of-the-art 
studies. We believe that our use-case proves FDO to be a key-concept in shaping an effective 
FAIR-by-design data management system. 
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