- FRITZ-HABER-INSTITUT
MAX-PLANCK-GESELLSCHAFT

FAIRMAT - A CONSORTIUM OF THE
::"ﬁ’iz

GERMAN RESEARCH-DATA
™ INFRASTRUCTURE (NFDI)

H. Junkes P. Oppermann, R. Schlogl, A. Trunschke, Fritz Haber Institute, Berlin, Germany
M. Krieger, H. Weber, Universitat Erlangen-Nurnberg, Erlangen, Germany
C. Draxl, Humboldt-Universitat zu Berlin, Berlin, Germany




F:E:at National Research Data Infrastructure

In Germany, an initiative for a Research Data
Infrastructure has been started.

What Is the NFDI?

The aim of the national research data infrastructure (NFDI) is to systematically

manage scientific and research data, provide long-term data storage, backup and
° accessibility, and integrate the data both nationally and internationally. The NFDI

will bring multiple stakeholders together in a coordinated network of consortia tasked

with providing science-driven data services to research communities.
) DFG — German Research Foundation
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FAIRmMat consortium
mat

e FAIRmat (FAIR Data Infrastructure for Condensed-Matter
Physics and the Chemical Physics of Solids) will build a FAIR
research-data infrastructure for the noted fields.

e Within FAIRmat the acronym FAIR is interpreted in a forward-
looking way: Research data should be Findable and Artificial-
Intelligence Ready.
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FAIRmMat consortium
FAIRmat

Area G:
Administration
and Coordination

Area F:
User Support, Area B:

A\ 5%
Training, and *,n." Experiment
= =

Outreach

FAIRmat

Area E: Area C:
Use-case Theory and
Demonstrators Computations

Area D:
Digital
Infrastructure
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F:E FAIRmat consortium
mat

A universal and easy-to-configure software
environment for measurement data acquisition
et and documentation is to be developed in Task D5
————  of the FAIRmat consortium.

D1: Metadata, Ontologies,
and Workflows

R. Ritz, L. Ghiringhelli /
M. Scheffler

In the field of Applied Physics, measurement

D2: Processing, Storage,

and Compute Concept setups with numerous specific measurement

W. Nagel, H.-J. Bungariz, . . .

H. Ledorer, G. Suimann devices are often required in each case adapted to
D3: Central Metadata the experimental problem. The diversity requires
e ™ adaptable and easy-to-configure software for

experiment control and data acquisition.

D4: Connectivity
H.-J. Bungartz, S. Wesner

D5: Configurable
Experiment Control
System
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e FAIRmat, Task D5, CECS

FAIRmat
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A prototype software developed at the chair of
the Department of Physics at the Friedrich-
Alexander-Universitat (FAU) Department for
experiment control with uniform and documented
data output has been using for years
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FAIRmat, Task D5, CECS

This system has proven itself at the FAU-department in
research and teaching. However, it does not satisfy the
FAIR rules. By using LabVIEW, the system is:

not open source,

not operating system independent,
not platform independent,

is very poorly scalable.
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FAIRmat, Task D5, CECS

“We will implement the advanced Experimental Physics
and Industrial Control System (EPICS) for recording,

automatic metadata tagging, storing, archiving and
managing research data.” (DFG-Proposal)
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FAIRmat

CECS (we are working on)

Easy to use

configuration
LAP Measurement 2.2 @
Username Experiment
Christian Hans1
Generator - Manual Add-Ons
Cortrol Devices
Hans1 - Process mplat Profile I
Control
MP - Measurement Eoriags
Protocals Bug Reports /
Feature Requests
Pressure - PID
Controller i Tasks
TPtest - Time Close Program
Protocol
Temperature - PID
Controller

"pallas": {

generates
e

Experimental procedure <«

"header": {
"name": { Y
"user": { Y
"samplerate": { }
"sievefractionlow": { L
"sievefractionhigh": { L
"diluent": { 1
"diluentsievelow": { L
"diluentsievehigh": { W
"mass"; {
"name": "Mass",
"value": 50,
"unit": "mg"
b,
"bulkvolume": { W
"innerdiameter": { 1}
"particalsize": { }
"ratio": { }
b
"stage1": { b
"stage2": { e
"stage3": { }
D)
i®)
-
—t
Prompt feedback

Run Engine (bluesky) » “Documents” > Streaming visualization

Python abstractions
of hardware (ophyd)

Set value Read value

Control layer (e.g. EPICS)

2 4
d

Hardware -
(e.g. motors, detectors)

e
7 Large detectors
» write directly to storage

\ 7

Serialization
(suitcase)

Persistent storage /

(Ordinary files on disk,

/

a Database, and/or the Cloud)

ICALEPS 2021, 15th. October

& processing/reduction

A

Documents

Access saved data
(databroker/intake)

SciPy/PyData
structures

4
Interactive
data analysis




2%
'?,‘ﬁ..:" CECS (next step)

FAIRmat

record(ao, "$(user):circle:step") {
field(VAL, "1.0")
1 " " Prompt feedback
[field(DRVEROI0) Experimental procedure € — — — — — = = = = — = — — — — — — -
field(DRVH, "359")
field(PINI, "YES")

} . . .
Run Engine (bluesky) =——>» “Documents” ————————> Streaming visualization

record(ao, "$(user):circle:period") { A & processing/reduction
field(VAL , "1.0") 1
field(PINI, "YES") Boeuments
field(OUT , "$(user):circle:tick.ODLY NPP") A\

} ge n e rate S Python abstractions Serialization Access saved data

of hardware (ophyd) (suitcase) (databroker/intake)

record(calc, "$(user):circle:angle") { A

field(PINI, "RUNNING") # bootstra _

field(INPA, "$(user):circle:angle NPT’") Set value Read value Scsltprj/;uyr[;:ta

field(INPB, "$(user):circle:step NPP") \ Persistent storage

field(INPD, "360") Control layer (e.g. EPICS) (Ordinary files on disk, \JN

field(DESC, "Angle") A a Database, and/or the Cloud) Interactlve_

field(EGU , "deg") 7 .data analysis

field(LOLO, "45") — N

WRGHLERY, I M Ve writé%ﬁ?éec(tjlittestsot(r)srage J@r .

field(HIGH, "225") Hardware - —

field(HIHI, "315") (e.g. motors, detectors) g cam

field(LLSV, "MAJOR")

field(LSV , "MINOR")

field(HSV , "MINOR")

field(HHSV, "MAJOR")

field(CALC, "C:=A+B;(C>=D)?C-D:C")

field(FLNK, "$(user):circle:x") P

field(PREC, "3") I n p Ut E I

info(Q:group, { _>
"$(user):circle":{"angle": {+channel:"VAL"}}, m
"$(user):line":{"a": {+channel:"VAL"}}

)

alias("$(user):line:a")
}
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FAIRmat

CECS (for our chemists)

We need firmly agreed experimental workflows: Handbooks

"pallas": {

"header": {
Test case of a complex reaction: . . ) "name": { 1,
. . catalysis data points " "
oxidation of ethane, propane, n-butane Y P user .I{ {}, :
"samplerate": b
D used * "s?evefractionlc?w": { h
= Sureindependence screening and "sievefractionhigh": { B
g D used sparsifying operator (SISSO) approach "diluent™: { L
= Catalyst . Rapid activation . i ; "
g Sitens : e Catalytic test target = f (key primary features) g e n e ra te S "g;:ﬂzzz:szgﬁgh;“{{ },}
2 SE Q) " n ’ !
& e D u = Primary features combined with 3 ﬁ mass": {
| i mathematical operators = "name": "Mass",
La rge batch! (symbolic regression) S "alue": 50,
20 g ll g "unit"; "mg"
billions of descriptor candidates = )
113 = "bulkvolume": { }
n oQ . d
g "innerdiameter": { s
= |eave-one-material-out P "particalsize": { Y
< cross-validation "ratio": { }
T P s e aTaCteTIeat o * Multi-task to include all ?:’sta el { )
= Conductivity (MCPT) measured temperatures "stageZ": ¢ }'
= Surface and bulk electronic structure (PES, XAS) o & 3": o
° SygamerliEie (i, W) R. Ouyang, et al., Phys. Rev. Mater. 2, 083802 (2018). SRR }
® Heat of adsorption (calorimetry) R. Ouyang, et al.. J. Phys. Mat. 2, 024002 (2019). }
Top. Catal. 2020, 63, 1683-1699; . . } —
https://doi.org/10.1007/s11244-020-01380-2. |__50 measured materials properties s S
—t
Prompt feedback
Experimental procedure € — — — — — — — — — — — — — — — — — -

Run Engine (bluesky) » “Documents” > Streaming visualization

\ & processing/reduction
A
A Documents

Python abstractions Serialization Access saved data
of hardware (ophyd) (suitcase) (databroker/intake)

3
Set value Read value SciPy/PyData
structures
4 Persistent storage

Control layer (e.g. EPICS) (Ordinary files on disk, \

A a Database, and/or the Clou:)\ Interactive
P4 data analysis

e o

, % B
! » 7 Large detectors Jupyter (e
» write directly to storage S &

© g =
cam

Hardware -
(e.g. motors, detectors)
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Development

Thanks to
Abdulrhman Moshantaf (CatLab)

Thanks to

Johannes Lehmeyer
Alexander Fuchs (FAU)
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e
Support

Thanks to Sven/PP&B for the film studio and the
support there.
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