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What are FAIRmat and NOMAD f o

drl

FAIRmat is the german national
consortium to build
a FAIR federated data infrastructure
for solid state physics/materials science

Open source

Open science

Bottom up

9.Jn3onJyseliul

NFDI: National (German) Research Data Infrastructure
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' The FAIRmMat team

~60 PlIs + ~30 central coworkers

Claudia Draxl
Spokesperson

¥

Christoph T. Koch
Deputy Spokesperson




The NOMAD central hub %ﬁkft
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The NOMAD central hub

$SNOMAD

Materials data managed and shared

NOMAD.
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' The NOMAD ecosystem
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NOMAD Oasis l
Local management tool for your lab, adapted to
your data-management needs and lab policies. >70
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NOMAD l
Control instruments, run measurement
protocols, and record FAIR data!

 Store all available data and metadata.

* Define measurement protocols using
an intuitive graphical user interface.

 (Connect to instruments via local interface
or EPICS.

https://nomad-lab.eu/ b WS
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' FAIRmMat's federated data infrastructure
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NOMAD core functionalities

PUBLISH v EXPLORE ~ ANALYZE v ABOUT w

Welcome Pepe Marquez €@ LOGOUT &% UNITS

Entries @
FILTERS H X o €« 662 RESULTS €
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NOMAD core functionalities

@ FUBUSH v EXPLORE v ANALYZE v ABOUT v
) Welcome Pepe Marquez @ LOGOUT £% UNITS
Entries / Entry @
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NOMAD core functionalities

PUBLISH ~ EXPLORE ~ ANALYZE v ABOUT w

Entries / Entry / Data

OVERVIEW

FILES

Welcome Pepe Marquez

section

QUANTITIES

» | type=bulk

Browse.the detailed (meta)
str

4 configuration_raw_gid = _0T2z27hNu)yVSPqchZr2ImeszSC

4 chemical _composition = KKSeZn

SUB SECTIONS

prototype

symmetry

is_representative = true

chemical _composition_hill = K25eZn

chemical _composition_reduced = K25eZn
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NOMAD core functionalities

:. PUBLISH v~ EXPLORE v ANALYZE v~ ABOUT v

Your uploads / Examples for demonstrations

Welcome Ahmed Mansour € LOGOUT £X UNITS

"+ Y DROP FILES HERE OR CLICK TO OPEN DIALOG CREATE FROM SCHEMA

Name Type

B sanD.oU OUT Fila .
I ] Eih{:i.;- W'T ; hal‘e them Wlth

B bandstructure DAT File .

L0k ot utthie AL Docuingint Wlth DO I .
B bandstructure-gp DAT File

B dos XML Document m

B fGvaLouT OUT File

B ciGvaL gw.out OUT File cess stats 4

B cvaor DAT File
B 6w INFo.OUT OUT File
B info XML Document CCESS 3
B nFo.ouT OUT File

B input XML Document REES3 2>
B TDos.out OUT File

B TDos-ap.ouT OUT File

CCESS >
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' Structured data

NX q
=

SCHEMA Voc4Cat

NOMAD is built on structured
data based on well-defined

Extendable
NOMAD

Metainfo taxonomy
schema (VOMAD Metainfo). sompema ) =)~ NFDI @
[}

NOMAD Metainfo can be F [parser ) | [=—
extended and enhanced with —
standardized vocabularies and ontologies. MK. OPTIMADE
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CrystalLLM: a FAIR full-cycle example %ﬁjﬁ

Crystal Structure Generation with Autoregressive 1. Users upload the INPUT and
Large Language Modeling OUTPUT files to NOMAD from
Luis M. Antunes', Keith T. Butler!?, and Ricardo Grau-Crespo' diffe rent COdes from thEiI‘
! Department of Chemistry, University of Reading, Whiteknights, Reading RG6 60X, United Kingdom. pu b I |cat|0ns

L.m.antunes@pgr.reading.ac.uk

2School of Engineering and ﬂfazizzl;n?g}mj’:rq@:;;z 81;1(;3” ;;rzi?::’rsit-y of London Mile End Road 2 . N O M A D m ak es th e d at a F AI R
enerete el sucturefrom composton. 3. Antunes et al. build CrystalLLM
o with data from NOMAD

\ 4. Users can use CrystalLLM to draft

their inputs for their new

calculations

small (best for quick results)

719A b=5.719A c=11.619A a=90.000° B=90.000

https://crystallm.com/



NOMAD Oasis s

Share selectively ELN API

x%% Manage your lab (@
i S )

Automate data

.CSV
xrdml .nxs
Jraw

Search apps Large files

database in a N
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NORTH

Cloud based analysis




NOMAD Oasis



NOMAD Oasis i 0.

@ FUBUSH v EXPLORE v ANALYZE v ABOUT v
Welcome Pepe Marquez @ LOGOUT £2 UNITS

Your uploads / Upload / Entry @

OVERVIEW FILES DATA LOGS E L N

Metadata

E leSolarCell .

rempiesearte ExampleSolarCell T

solar cell b‘
Description

€ (@ Paragraph VBT R

no comment

https:/doi.org/10.1016/j.s0lmat.201... This is an example of an ELN for a single solar cell.
Pepe Marquez
datasets [

no datasets

solar_cell.archive.json =]
7hJA-uxMhJUcBNS - _rKyOyyNszP B

r75jMoZzTcOFPPZd63BIEW B

3/23/2023,12:27:21 PM

3/24/2023, 4:52:39 PM

RISRRERING iRt P 12 WORDS POWERED BY TINY
1.1.9.dev76+gc24f16631/

Datetime
P 23/03/2023 12:28 m

SolarCellParameters <> i



NOMAD Oasis s

Share selectively ELN API

x%% Manage your lab (@
i S )

Automate data
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Cloud based analysis




NOMAD Oasis
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NOMAD Oasis
1N TiTe2_Odeg.nxs > entry > data Display | Inspect | g
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NOMAD Oasis s

Share selectively ELN API

x%% Manage your lab (@
i S )

Automate data
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Jraw
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Cloud based analysis




NOMAD Oasis

>

drl

NORTH

Cloud based analysis
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NORTH (NOMAD Remote Tools Hub)

@
S
jupyter
v

® NORTH

Cloud based analysis
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NORTH (NOMAD Remote Tools Hub)

N
jupyter
v

[T

NORTH

Cloud based analysis

&




NORTH (NOMAD Remote Tools Hub

. PUBLISH v EXPLORE ~ ANALYZE ~ ABOUT w

Welcome Pepe Marquez € LOGOUT &8 UNITS
NOMAD Remote Tools Hub @ ==

= jupyter Basic jupyter run with an empty notebook or on given notebook file. A

e

Jupyter Notebook: The Classic Notebook Interface Maintainer: Matkiss Scheidgen
File extensions: ipynb

The Jupyter Notebook is the original web application for creating and sharing computational
. ’ ’ . LAUNCH
documents. It offers a simple, streamlined, document-centric experience. _ N 0 RT H

Cloud based analysis

pyiron Jupyterlab with pyiron installed.
= nionswift Run Nion Swift to analyze data as well as prepare focus series reconstructions in NOMAD.
W4 nexustools Analyse your NeXus files in NOMAD with several NeXus-compatible tools. v
i fiji Use FlJI to analyze and visualize your images in your NOMAD files. v

g vesta Run VESTA to analyse and visualize your crystal structures in your NOMAD files. v



NOMAD Oasis s

Share selectively ELN API
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NOMAD Oasis

Search apps
database in a
database

Ixly

X



NOMAD Oasis
-

PUBLISH ~ EXPLORE ~ ANALYZE ~ ABOUT w

© LOGOUT £x UNITS
TADF Molecules @

Welcome Pepe Marquez

2 Your query will be shown here X b <
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o
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51 70 100n4 ®
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NOMAD Oasis for Experiments I:’*ﬁjt

Share selectively

Automate data

.CSV
xrdml .nxs
Jraw

Search apps
database in a
database

ELN API
Manage your lab (@
2 [,

~ NORTH

Cloud based analysis

Large files

.hde\




Experiments

Ever-new methodology

* Instrumentation

* Sample Preparation

* Sample Environment

* Monitors and Detectors
* Data Processing

* Notes

Broad and structured data
are barely available.




FAIRmat's pilot experiments

ATOM-PROBE
TOMOGRAPHY

ANGLE-RESOLVED
PHOTOEMISSION

ELECTRON
MICROSCOPY
AND SPECTROSCOPY

CORE-LEVEL
SPECTROSCOPY

OPTICAL
SPECTROSCOPY
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Experimental data workflow o

Data Schema Interoperable Workspace

$3NOMAD
Data _
= Search /
‘ Visualizations/
_{ Analysis /
= NeXus-FAIRmat REPOSitOI’\[
- The data should
speak for

themselves!



A g ¥

Harmonization: the NeXus proposal S5

NeXus: ~30 year-old description schema for experiments in the
electron/neutron/photon beam community.

FAIRmat contributes most actively to new standards and
plays an important role in the NeXus committee NIAC.

Harmonized structure of experimental data

https://fairmat-nfdi.github.io/nexus_ definitions/
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Experimental data workflow o

Data Schema Interoperable Workspace
- Community agreement! uNOMAD
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Experimental data sources Ko

Commercial integrated systems

Vendor-provided softWare Self-written software




Experimental data sources

Commercial integrated systems

Vendor-provided software
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Organizing community standards o

ATOM-PROBE
TOMOGRAPHY

ELECTRON
FAIRmat approach: ANGLE-RESOLVED MICROSCOPY
PHOTOEMISSION B  AND SPECTROSCOPY

--------

- Elaborate data schemas in selected areas
- Bring scientists, manufacturers ~ %5

and data experts together
- Handle concepts openly

OPTICAL

CORE-LEVEL @..  SPECTROSCOPY

SPECTROSCOPY ‘SR

Manufacturers (Technology Partners) are teaming up for
providing NeXus output

SPECS grocus JA. Woollam
ThermoFisher T conexpy (scientaomicron SENTECH
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Experimental data workflow o

Data Schema Interoperable Workspace
- Community agreement! uNOMAD

L L
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Experimental data sources

ized custom systems
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) i .
L ! i C L5 N
L a
I
i

Self-written software




Workflow

CAMELS

NeXus Data

le Save

Measure

O] eLabFTW

Connect to ELN entries
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Experimental data workflow o

Data Schema Interoperable Workspace
- Community agreement! uNOMAD

L
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TEChnOIOgV -EDC Peak fitting
partners T A
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Experimental data workflow 3

Community agreement! E2SNOMAD

Technology
partners

Any u

Experiment NOMAD
CAMELS

.
...I_
L
e

SRF

Synchrotron

o2 OSCARS

 J .“ @ Open Science Clusters’ Action
..... for Research & Society

https.//www.oscars-project.eu/projects/findable-big-data-various-material-characterisation-techniques-0



The NOMAD ecosystem . (<8P

OPTIMADE,

3 guides, 4
user events, 14
tutorial events,

100

videos

registered users

700

daily unique
visitors

developers and . 1,800
& domain experts merge requests
SSee m 8,500
- commits
sup

rt
file formats

lab automation
with

BoiR

data from
external databases,
e.g. Materials
Project, H-TEM

containerized tools,

26

analysis notebooks
in your browser

ELN support
for elabFTW,
labfolder, openBIS,
Chemotion
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' Thank you!

www.fairmat-nfdi.eu

© fairmat@physik.hu-berlin.de
[}) company/fairmat-nfdi

www.nomad-lab.eu




