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FAIRmat @ NFDI

• NFDI – German National Research Data Infrastructure
9 projects started in 2020
10 projects starts in 2021
...

• FAIRmat project
5 years
9 institutes
52 research groups
14 M€



FAIR Data Infrastructure
for Condensed-Matter Physics
and the Chemical Physics of Solids

7 project Area
• A – Synthesis
• B – Experiments 
• C – Theory and Computation
• D – Digital Infrastructure
• E – Use-case Demonstrators
• F – User Support, Training, and Outreach
• G – Administration and Coordination



Novel Materials Discovery

• Biggest database in Materials Science
more than 100 million high-quality calculations

• Ecylopedia
• Atrificial Intelligence Toolkit

• Data Center @ MPCDF
• Local OASIS deployments

• Modern Technology
• Backend with Python Flask and Fastapi, MongoDB, Elasticsearch
• Workflows with Celery, RabbitMQ
• Frontend with Javascript: React, MaterialUI
• Docker, Kubernetes, 
• AAI using Keycloak



Novel Materials Discovery

• NOMAD HUB (NOMAD Data Center at HU Berlin)
• connecting Sysnthesis – Experiments – Calculations
• Integrate experimental data (e.g. NeXus)
• NeXus Application Definitions for

• Electron Microscopy
• Angle Resolved Photoemission
• Core-level Spectroscopy
• Optical Spectorscopy
• Atom-probe Tomography



NeXus Application Definitions

• Experiment
• Instrumentation
• Sample Preparation
• Sample Environment
• Monitors and Detectors
• Data Processing

• Synthesis
• Sample History
• Processes
• Characterisation
• Notes



NeXus Application Definitions

• Experiment
• Instrumentation
• Sample Preparation
• Sample Environment
• Monitors and Detectors
• Data Processing

• Synthesis
• Sample History
• Processes
• Characterisation
• Notes

Processes:
• Spin coating
• PVD deposition
• Solution preparation
• PLD deposition
• Hot plate annealing
• …

Measurements: 
• XRD
• XRF measurement
• Hyperspectral PL 

imaging
• THz spectroscopy
• J-V measurement
• … 

• Samples
• Processing Setup:

• PVD chamber
• Hot plate
• Spin coater
• …

• Characterisation Setup:
• XRD PANalyticalMPD for 

thin films
• XRF Mapper M4 Tornado
• …

• Targets for PLD and 
sputtering

• Chemicals
• Setup status: 

• crucible filling tracking
…

NeXus:

• Hierarchical Data Modelling
• Definitions (glossary/ontology)
• Automated documentation
• Extendable (NXDL)
• Community STANDARD

• NXDL <-> NXS (hdf5)
Verification and Validation

• Data Visualisation



NeXus Application Definitions

• Bag of Words (YAML)

SingleWordName:
EnglishExpression:
Definition:
QuantityType:
Unit:
Shape:
Axes:
Relationships:



NeXus Application Definitions

• Bag of Words (YAML)

• Hierarchical and modular structure (YAML)

(with references to the Bag of Words)

SingleWordName:
EnglishExpression:
Definition:
QuantityType:
Unit:
Shape:
Axes:
Relationships:

instrument:
model:
company:
construction year:
hardware version:
software version:
bandwidth:
light source:
focussing probes:

data_correction:
description: specify of the recorded data are corrected

angular spread:
description: specify the angular spread caused by
type: numeric
unit: radian

ellipsometry type:
- rotating analyzer
- rotating analyzer with analyzer compensator
- rotating analyzer with polarizer compensator



NeXus Application Definitions

• Bag of Words (YAML)

• Hierarchical and modular structure (YAML)

(with references to the Bag of Words)

• Use of already existing NeXus defintions (YAML)

SingleWordName:
EnglishExpression:
Definition:
QuantityType:
Unit:
Shape:
Axes:
Relationships:

instrument:
model:
company:
construction year:
hardware version:
software version:
bandwidth:
light source:
focussing probes:

data_correction:
description: specify of the recorded data are corrected

angular spread:
description: specify the angular spread caused by
type: numeric
unit: radian

ellipsometry type:
- rotating analyzer
- rotating analyzer with analyzer compensator
- rotating analyzer with polarizer compensator

(NXentry):
exists: required
doc: to be defined
experiment_identifier:

exists: required
doc: Unique identifier of the experiment

experiment_description:
exists: required

start_time(NX_DATE_TIME):
exists: required
unit: NX_TIME

program_name:
doc: Commercial or otherwise defined

program_version:
doc: Either version with build number
exists: [min, 1, max, infty]
doc: Contact information of at least 

instrument(NXinstrument):
doc: General properties of the ellipsometry
exists: required
model:

doc: The name of the instrument
# if the nx_class or type is nx_char
# if the exists argument is optional, i.e. 

company:



NeXus Application Definitions

• Bag of Words (YAML)

• Hierarchical and modular structure (YAML)

(with references to the Bag of Words)

• Use of already existing NeXus defintions (YAML)

• New NeXus App Definitions (NXDL)
https://fairmat-experimental.github.io/nexus-fairmat-proposal/

SingleWordName:
EnglishExpression:
Definition:
QuantityType:
Unit:
Shape:
Axes:
Relationships:

instrument:
model:
company:
construction year:
hardware version:
software version:
bandwidth:
light source:
focussing probes:

data_correction:
description: specify of the recorded data are corrected

angular spread:
description: specify the angular spread caused by
type: numeric
unit: radian

ellipsometry type:
- rotating analyzer
- rotating analyzer with analyzer compensator
- rotating analyzer with polarizer compensator

(NXentry):
exists: required
doc: to be defined
experiment_identifier:

exists: required
doc: Unique identifier of the experiment

experiment_description:
exists: required

start_time(NX_DATE_TIME):
exists: required
unit: NX_TIME

program_name:
doc: Commercial or otherwise defined

program_version:
doc: Either version with build number
exists: [min, 1, max, infty]
doc: Contact information of at least 

instrument(NXinstrument):
doc: General properties of the ellipsometry
exists: required
model:

doc: The name of the instrument
# if the nx_class or type is nx_char
# if the exists argument is optional, i.e. 

company:



Data & App Def in Use

Instrumentation:

• Data logging
• Control, and DAQ system
• NOMAD volumes

Electronic Lab Notebooks:

• NOMAD ELN
• eLabFTW
• Chemotion
• JupyterLab
• …

Data Analysis:

• NOMAD NORTH
• Calibration
• Manual Data Processing
• Automated Workflows

Reader for a 
Particular Setup 

NeXus file

NeXus Application Definition

• Data Management
• Storage
• Archival
• Publishing
• DOI
• Data Analysis and Visualisation

• Electronic Lab Notebook
• Custom Schema
• Automated Data Parsing
• Manual entries (e.g rich text)

• Data Catalog 
• Search Interface
• Encyclopedia
• Data Exploration



NeXus in NOMAD



NOMAD Remote Tools Hub



NOMAD ELN



NOMAD with H5Web


