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Open text poll

Survey (1/2)

What are your expectations for the workshop?
(1/2)

Understand NXmpes standard
Information exchange understand
what exists and future prospects
Ho to smoothly prepare data in
nexus format

NEXUS mpes format defined. I
would also like to know more about
NOMAD and electronic lab
notebooks but that might be
another occasion. Learn to know
people working with NEXUS.

Learn more about MPES

Learn more how far

standardization of NXmpes is
Learn more about nexus format

I would like to know the plans on
how data files from different
instruments will be implemented
into the Nexus format and NOMAD
learn about the latest developments
in MPES for using in NOMAD

Very high

Update about fairmat status
Collect input from users and

instrument manufacturers
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Open text poll

Survey (1/2)

What are your expectations for the workshop?
(2/2)

e Developing rhe community and
collaboration between academia
and tech partners.

e Learn about recent developments
and RDM possibilities.

e To learn how I can use Nexus for my
data to make it FAIR

e Learn more about NeXus format
and FAIRmat

e Finish a fair data standard for pes.

e What can instrument manufacturers
provide and how can we assist.

e Learn about interoperability

slido



Ranking poll

Survey (2/2)
What's the closest description of your intent?

1. Supporting scientists in providing data

D 1.95
2. Creating data in NeXus format

D 1.86
3. Learning about FAIR data and NeXus

D 1.76
4. Publishing datain NOMAD

D 0.91

slido



Research data management,

N " 4 FAIRmat and NOMAD
I§I
-; 72X t Heiko B. Weber,
FAIRmMat Friedrich-Alexander-Universitat
Erlangen-Nurnberg
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' Research data .

Traditional data lifetime New data lifecycle

—1 Planning

AR R 3

~_ &

@Collection

—8_‘
u Analysis

N
IEi:II Publication




Open data

Open access (~2001) to peer reviewed literature, being enforced by
funding agencies

FAIR principles? (2016); statement at G20 summit in China?
Data as resource3: A European strategy for data (2020)

Expectations: DFG and other funding agencies expect FAIR data
from us researchers
(funding is connected to FAIR data pledges)

1Scientific Data 3, 160018 (2016)
2https://ec.europa.eu/commission/presscorner/detail/en/STATEMENT 16 2967

3https://ec.europa.eu/info/sites/default/files/communication-european-strategy-data-19feb2020 en.pdf

y W N
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https://ec.europa.eu/info/sites/default/files/communication-european-strategy-data-19feb2020_en.pdf
https://www.nature.com/articles/sdata201618
https://ec.europa.eu/commission/presscorner/detail/en/STATEMENT_16_2967

' Underlying principles for open data
Edable Accessible nteroperable Reusable

o, Y

/O % LS

Important: community agreement!

Findable and l \rtificial | ntelligence Read\/

N
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FAIR data: benefit or burden? .

Rich opportunities

- Big data opportunities in science

- Data analysis as novel discipline (besides experiment and theory)
- Accelerated materials discovery

- Enhanced data competence of scientists

- Reduction of misleading interpretations and fraud

Significant investment

- The transition to FAIR data demands for reorganizing scientists’
workflow entirely

y WS y




Nationale Forschungsdaten-Infrastruktur (NFDI)

(polycentered bottom-up network)

1st round (10/2020) 2nd round (10/2021)
+DataPLANT: Plant research data *BERD@NFDI: NFDI for Business, Economic and Related Data
*GHGA: German Human Genome—Phenome Archive *DAP

*KonsortSWD: Consortium for the Social, Educational, Behavioural and Economi
Sciences

*FAIRmat: FAIR Data Infrastructure for Condensed-Matter Physics and the Chemica
Phy5|cs of Solids

NFDI4Biodiversity: Biodiversity, Ecology and Environmental Data ‘Ma \atical Research Data Initiative
*NEDIZCat: NFDI for sciences related to catalysis -NFDI4DataScience: NFDI for Data Science and Artificial Intelligence
*NEDIZChem: Chemistry consortium for the NFDI *NFDI4Earth: NFDI Consortium Earth System Sciences
*NEDI4Culture: Consortium for Research Data on Material and Immaterial Cultural o\ EDj4Microbiota: NFDI for Microbiota Research
Heritage *NFDI-MatWerk: NFDI for Materials Science and Materials Engineering
*\NFDI4Health: NFDI per;onal'health data *PUNCHZNEDI: Particles, Universe, NuClei and Hadrons for the NFDI
*NFDI4Ing: NFDI for Engineering Sciences *Text+: Language and text-based research data infrastructure

3rd round (3/2023)

*FAIRagro: FAIR Data Infrastructure for Agrosystems

*NFEDI4BIOIMAGE: National research data infrastructure for microscopy and bioimage analysis
*NEDI4Energy: National Research Data Infrastructure for Interdisciplinary Energy System Research
*NEDI4Immuno: National Research Data Infrastructure for Immunology

*NFDIZMemory: The Consortium for the Historically Oriented Humanities

*NFDIZ0bjects: Research Data Infrastructure for the Material Remains of Human History
*NFDIxCS: National Research Data Infrastructure for and with Computer Science

y W N


https://www.nfdi.de/consortia-dataplant/?lang=en
https://www.nfdi.de/consortia-ghga/?lang=en
https://www.nfdi.de/consortia-konsortswd/?lang=en
https://www.nfdi.de/consortia-nfdi4biodiversity/?lang=en
https://www.nfdi.de/consortia-nfdi4cat/?lang=en
https://www.nfdi.de/consortia-nfdi4chem/?lang=en
https://www.nfdi.de/consortia-nfdi4culture/?lang=en
https://www.nfdi.de/consortia-nfdi4health/?lang=en
https://www.nfdi.de/consortia-nfdi4ing/?lang=en
https://www.nfdi.de/berdnfdi/?lang=en
https://www.nfdi.de/consortia-daphne4nfdi/?lang=en
https://www.nfdi.de/consortia-fairmat/?lang=en
https://www.nfdi.de/mardi/?lang=en
https://www.nfdi.de/consortia-nfdi4datascience/?lang=en
https://www.nfdi.de/nfdi4earth/?lang=en
https://www.nfdi.de/nfdi4microbiota/?lang=en
https://www.nfdi.de/nfdi-matwerk/?lang=en
https://www.nfdi.de/punch4nfdi/?lang=en
https://www.nfdi.de/textplus/?lang=en
https://www.fairagro.net/index.php/de/
https://nfdi4bioimage.de/en/start
https://nfdi4energy.uol.de/
https://www.nfdi4immuno.de/
https://4memory.de/
https://www.nfdi4objects.net/
https://nfdixcs.org/

FAIRmMat
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Area B and its pilot experiments

ATOM-PROBE
TOMOGRAPHY

ELECTRON
MICROSCOPY
AND SPECTROSCOPY

ANGLE-RESOLVED
PHOTOEMISSION

OPTICAL
SPECTROSCOPY

CORE-LEVEL
SPECTROSCOPY
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The NOMAD central hub .
The Novel Materials Discovery Laboratory

$2NOMAD o

Materials data managed and shared

UPLOADED ENTRIES REPRESENTED MATERIALS UPLOADED FILES
13,009,223 3,220,189 119.4 TB

y W N

as of September 10, 202




The NOMAD central hub
3eNOMAD

FAIRmat hub for harmonizing and reusing
structured data

SCHEMA

g

ELN

.h5
parser

DATA

All data is organized in well-defined structures that are

described by a formal schema.



Experlments

Instrumentation
* Sample Preparation
« Sample Environment
* Monitors and Detectors
« Data Processing
* Notes

In comparison to large-scale experiments in physics,

solid-state physics is extremely heterogeneous.

y W N
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' Workflow for experimental data

ELN Raw data Data Analysis

1

Data & Metadata
HDF5 Format + Nexus Standards

l

$SNOMAD

Search / Visualizations / Analysis /
Repository

y W N


https://h5web.panosc.eu/h5wasm
https://www.nexusformat.org/

. T
Community standards: the NEXUS proposal .

NeXus: ~30 year-old description schema for experiments in the ‘ ‘ ‘ ‘
electron/neutron/photon beam community (aligned with Daphne4NFDI). = s
FAIRmat contributes most actively to new standards. *’ ’ k t

Pre-harmonization of experimental data

NeXus-FAIRmat

https://fairmat-nfdi.github.io/nexus _definitions/mpes-workshop-jan24

PaNET ontology as taxonomy for experiment types.




Photoemission workflow

- NeXus - FAIRmat =———rNomad
Base Application Containerized tools

Classes definition HDF5 view

Caper v

e 1722 ~== """ "5 Multidimensional
. visualization
Interactive
interface

Metadata

Z
CDC
w

Reader/Parser Compatibility

= —— ————— ———— ¥ navigation
I — - W
- Facility e —
Raw data || |=== = —_—— =Y -Data slicing

>-Peak fitting

; 14 [
4 /“.\ aH: -Fermi edge correction

Edited

D
il

= |

Automated Electronic Config.
metadata logbook File

Electronic Logbook

nnnnn metacata Mpes

File S, |
- Built-in

3
@
~
©
Q
Q
~
©

P o= e = e = e ==

=== === === = ||z . - manual

= = = = e metadata

______ ______ L __—___ ______ _____ ed|t|ng
| = = = — = platform




SOASIS $SNOMAD

published data

A 4

upload

publish

data on your private local data
hard-drive NOMAD Oasis

incl. ELN
functionality

central NOMAD

analyse

y W N

explore
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' Further fields of action .

- Configurable Lab Control Software (CAMELS)
- Electronic Laboratory Notebooks (ELNSs)

- Organizing community standards

- Driving forward concepts for data literacy
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NOMAD CAMELS concept .

o @®NOMAD
R — SIEAEER
; gt Communication: GUI
__#A-. : d = & ° VlSA
Eg= EPICS

e etc...

Experimental setup

[ )

* No programming skills )

required ! [ J
FAIR data

» Fast configuration of

measurement protocol * Raw data
Metadata incl. devices, settings, protocol, ...

Structured data format (HDF5)

- . Fed into NOMAD OASIS —
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' Electronic lab notebooks (ELN) .
openBI S otion '

@ eLabFTW QSOASIS

Requirements: Data structure first !

« Easyinput

* Easy output

More important than the tools used is the data structure !

y W N




Data literacy in the physics curriculum

FAIRmat can not cover everything!
Erlangen:

See: Fruh zur Datenkompetenz
Physik Journal 21 (2022)

» Obligatory @ python

» ELNSs

in the lab courses

courses in the first semester

3¢ Experimental Step EXPI780 X | + - o x ~ Jupyter EP1_Aufgabel wucses (o Logout
<« (¢} O B & 0 hitpsy/physics.openbis.data.fau.de/openbis/webapp/eln-lim: ¥ ¥ = File  Edit  View  Inset  Cell  Kemel  Widgets  Help Trusted | Python3 ©
® ac - i In [13]: import numpy as np
Experimental Step: Aufgabe 1.1 import matplotlib.pyplot as plt
JHEH import openbis # auf PyBIS basierendes Modul
+ New~ @ Edit ® Upload More ...
© B Lab Notebook # Login auf openBIS-Server
1 otners Experimental goals: ~ openbis.login('https://physics.openbis.data.fau.de")
© & 1415000000 Esc Sose22 des des D im Modus Login to openBIS: https://physics.openbis.data.fau.de
© & Versuchstag 1 Login successful
© & Aufgabe 1
© 4 Aufgabe 1.1 In [14]: # Tabellendaten aus Experimental Step Laden (PermId-20220429111309709-4228)
data=openbis.getSpreadsheetData( ' 20220429111309709-4228"
© 4 Aufgabe 1.2 Experimental description: P getsp! ( )
© W Aufgabe 2 des L
Aufgabe 3 mit dem Digitaimultimetereingang (Stromeingang). die angelegte In [15]: plt.scatter(data[e],data[1])
Spannung failt direkt iber dem Innenwiderstand des - . . X
Aufgabe 4 paniung 0ut[15]: <matplotlib.collections.PathCollection at @x1e53939170>
Digitalmuttimeters ab
Aufgabe 5
Aufgabe 6 Messgrofien: Strom (Digitaimultimeter), Spannung L vy 00 .
Aufgabe 7 (Labometzgerat) [
Aufgabe 8 (optiona  Messablauf. Spannung aufsteigend von 50 mV bis 1 V. dann .
Versuchstag 2 Spannung absteigend von 500 mV bis 5 my 1500
Versuchstag 3 stromlimit: 2.5 A 11
Versuchstag 4 1000 °
: .
Versuchstag 5 Experimental results: .
Versuchstag 6 Beim Andern der angelegten Spannung kickt das Digitalmultimeter manchmal 00
, 7); dabei andem sich die gemessenen Strome deutlich
Versuchstag 8 Ll
0{ 0 0o e
Versuchstag 9
200 400 600 800 1000
© i Versuchstag 11 Spreadsheet:
© i Otners (disabled) Uup(mv) | Lup(mA) = C U_down(mV)down(ma) F G | H° =
© & Inventory 1 50 0.259 500 1057 In [16]: # Disconnect
openbis.logout()
© ® Stock 2 100 0.481 250 521

Sandbox for trying out ELN concepts



https://www.pro-physik.de/restricted-files/158142

Introduction to NeXus
and PES schema

'§'
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Multidimensional photoemission spectroscopy

experiment data: band mapping energy band dispersion

electron

Also possible:
analyzer

extreme
ultraviolet light

Spin polarization

100 A

E- Eygy (€V)

E - Eygi (eV)
Polarization (%)

=100 -

T T T
-1.0 -0.5 0.0
E- EVBM (eV)

Example: valence band structure of WSe,
! Riley et al, Nature Phys. 10, 835 (2014)

* momentum k (k,, k L .
(ke K) “multidimensional PES" (more than 3D)
* energy E

_ Schénhense et al, New J. Phys. 20, 033004 (2018)
* spin S

o e N y




Extending the parameter space

‘ I > I(Wmat E, kx, ky, S, t, 0p,0,%,9,T, ...) ‘

—> Dependence on materials and preparation procedures ()

—> Spin-resolving detectors: S

— Photon energy and polarization w,

—> Electronic structure of non-equilibrium states (time-resolved ARPES):
time ¢, pump/probe photon energy w,, polarization, ...

—> Dependence on sample parameters:
strain o, sample position x, y, temperature T
2> ..

—> huge parameter space
—> Mostly only subspace both experiment-tally
accessible and interesting

Goal to develop flexible, community-driven data +
metadata format for such MPES data




ngredients of a photoemission experiment

[ ngredients of a photoemission ex; -

I—: TECHNISCHE UNIVERSITAT
= KAISERSLAUTERN




Hierarchy of application definitions .

Universal MPES
metadata dictionary
(in NeXus: base classes)

MPES

A)Sa(mple
2 (ke

B)Facility/User
* (:-)
C)Detector -
: E:::i
D)Light Source
S ()
* (...)

E)Pump-Probe
2 (b,
F)Spin Filter




Simpify analysis

>
i

Raw data

Raw
metadata

-

- NeXus
Look-up Application
Dictionary definition
—_— Parser
=S —
- Facility L=

NeXus file

Compatibility

«KL

<

Hierar- = Modularity:
- chical : acommon
- structure, - platform
- FA.LR. :: deploys
- compliant : : application-
R POV dependent
tools

- Automated access

>EDC Peak fitting

:Voxelwise FFT

>Spin asymmetry

Figures from: Xian, R. P. et al. arXiv:1909.07714 (2019).
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Application definition: NXmpes

Application Definitions

iIcation definitions:

A general appdef with minimalistic metadata requirements, apt to describe all phote-
mission experiments.

Base Classes
Nxmpes_ARPES: application definition for ARPES data

We developed entirely new base classes:

NXelectronanalyser:
A base class to describe electron kinetic energy analizers. Contains the collective
characteristics of the instrument such as energy resolution, and includes the following
subclasses:

NXcollectioncolumn:
Base class to describe the set of electronic lenses in the electron collection
column (standard, PEEM, momentum-microscope, etc.).

NXenergydispersion:

Base class to describe the energy dispersion sytem (hemispherical, time-of-
flight, etc.).

NXspindispersion:
Base class to describe the set of electronic lenses in the electron collection
column.

—— https://fairmat-nfdi.github.io/nexus _definitions/mpes-workshop-jan24

A base class to describe the complex manipulators used in photoemission experi-

ments, often with > 4 degrees of freedom, cryogenic cooling and other advanced fea- —
tures.




Import to pyARPES .

¢ We draftEd a mEChanlsm tO Analyzer Coordinates: (¢, Y, a) Manipulator Coordinates: (x,y, z, 6, B, X)
automatically interpret
collected data

* Testimplementation with
the open source software
pyvArpes

SoftwareX : '
Volume 11, January—June 2020, 100472 ' ‘

ELSEVIER

Original software publication

PyARPES: An analysis framework for




Conversion between angle and k-space

1.00

0.75

0.50

0.25

» > 0.00

-0.25

—-0.50

-0.75

-1.00

-0.2 -0.1 0.0 0.1 0.2 0.4 0.2 0.0 0.2 0.4
phi kx

Loading of Nxmpes_ARPES files Conversion from angles to kspace for various

Automatically detect and assign angles and geometries

coordinates y @5 y
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' Pynxtools converts data into NeXus

gy (eV)

--input-file input _file.my_format
--input-file config_file.json

https://fairmat-nfdi.github.io/pynxtools/tutorial/converting-data-to-nexus.html

Display

I 2] 2 Viridis
ata (counts
1
y BUTUTTDZ D3 600
€ definition =] J
. DO D3
k k € duration e 029 0
€ end_time 500
€ entry_identifier
< experiment_facility -1
€ experiment_institution 400
€ experiment_laboratory )
k > instrument g -2
I [
S 300
> dataconverter ;
200
reader mpes .
100
nxdl NXmpes .
-2 -1 1 2 0
0e+0

0
ky (1/A)

|||||||

y WS y



https://fairmat-nfdi.github.io/pynxtools/tutorial/converting-data-to-nexus.html

NeXus is integrated with NOMAD

OVERVIEW FILES DATA LOGS

Metadata S Q 1] mydata.nxs Display Inspect | ¢ )

B mydata.nxs A~ NX Line X = Llinear v Y = Linear ~ = ®

comment .
no comment 3R 2SR n 1001 data (CPS)
references > Auinvacu... x| Do
e ¢ definiton 3e43—
Joe Test
datasets € end_time
no datasets s> instrument

> process @@ g
mainfile ~—

> sample ]
mydata.nxs E P ;@'

€ start_time
entry id

o ti
PVQn9jS62VtqIH8dt3Z_CL1rHIGO ) ¢ title

> user
upload id
miUyVbS2RgaofXums8PiBA E | |

150 100

upload create time BE (eV)
1/11/2024, 4:34:42 PM
ast processing time
processing v

https://fairmat-nfdi.github.io/pynxtools/tutorial/nexus-to-nomad.htm

“ .. to convert, view, work with and publish your data

y W N


https://fairmat-nfdi.github.io/pynxtools/tutorial/nexus-to-nomad.html

T
' A short introduction to NeXus notation .

INSTRUMENT: (required) NXinstrument « Freely choosale name

beam_TYPE: (required) NXbeam « All names of the form beam_*,

e.g., beam_probe, beam_pump ‘

Fixed name
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' Application defs vs. Base classes

Application definitions

» (ollects required and/or additiona

* Fields are required if not stated ot
e Re-uses base classes
Base classes

A collection of terms

 All fields are optional

y W N

fields

nerwise
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' The contents of the NXmpes appdef

User | Experiment user(s)

Instrument |Instrument metadata

Sample | Sample metadata
Process | Post-processing information
Data | Numerical data

y W N
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"4.§.§' Addressed issues from
> Ol

%3 % the last workshop
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Addressed issues

« (Connection to ISO standards

*  Proper referencing of calibrations

« (alibration classes for atom-level energy calibration

* General representation of resolutions

« Improvements for sample metadata (e.g., storage of preparation history)

« Constructs for setting and reading monitoring sensor values

* Generally less required fields
Support for writing partial appdefs (e.g., only a detector for NXmpes)
Drafts for tailored PEEM, ARPES, XPS, Liquidjet appdefs

Draft for connection to evaluation software (Nxmpes_arpes + pyarpes)

y W N




NXmpes refers to ISO standards

Implemented a standard way of referencing other standards

INn NeXus

Nxmpes references I1SO 18115-1:2023

energy_resolution(NXresolution):
exists: recommended
doc:
- 10.7
Overall energy resolution of the MPES instrument relative resolution of a spectrometer
- <angle, energy, frequency, mass, time, velocity, wavelength, wavenumber> ratio of the resolution of a spectrometer (10.6) at a specified
measurand (3.3) value to that measurand value
xref:
spec: ISO 18115-1:2023
term: 10.7 ff. 10.24
url: https://www.iso.org/obp/ui/en/#iso:std:is0:18115:-1:ed-3:vl:en:term:10.7 energy resolution
- quantity which describes the minimum distinguishable energy separation between peaks or regions in an energy spectrum
xref:
spec: ISO 18115-1:2023
term: 10.24
url: https://www.iso.org/obp/ui/en/#iso:std:is0:18115:-1:ed-3:v1l:en:term:10.24

y WS y



Defined calibration processes
(based on ISO standards)

v Calibration event on the energy axis. ...
Calibration event on the energy axis.

For XPS, the calibration should ideally be performed according to specification.

This is the calibrated spatial axis to be used for data plotting.

momentum_calibration: (optional) NXcalibration <

This is the momentum axis to be used for data plotting.

NXcalibration collects calibration data

energy_referencing: (optional) NXcalibration <

» For energy referencing, the measured energies are corrected for the chargi ...
reference_peak: (required) NX_CHAR
v Reference peak that was used for the calibration. ...
Reference peak that was used for the calibration.
For example: adventitious carbon | C-C | metallic Au | elemental Si | Fermi edge | vacuum level
binding_energy: (recommended) NX_FLOAT
¥ The binding energy (in units of eV) that the specified emission line app ...
The binding energy (in units of eV) that the specified emission line appeared at, after adjusting the binding energy scale
This concept is related to term 12.16_ff. of the ISO 18115-1:2023 standard.
offset: (recommended) NX_FLOAT &
v Offset between measured binding energy and calibrated binding energy of ...
Offset between measured binding energy and calibrated binding energy of the emission line.
calibrated_axis: (recommended) NX_FLOAT &
» This is the calibrated energy axis to be used for data plotting. ...
level: (recommended) NXelectron_level

Electronic core or valence level that was used for the calibration.

transmission_correction: (optional) NXcalibration &

» In the transmission correction, each intensity measurement for electrons o ...

transmission_function: (recommended) NXdata &

¥ Transmission function of the electron analyser.

Transmission function of the electron analyser.

The transmission function (TF) specifies the detection efficiency for electrons of different kinetic energy passing through the electron analyser|

@signal: (required) NX CHAR &
Obligatory value: relative_intensity
@axes: (required) NX_CHAR

Obligatory value: kinetic_energy

kinetic_energy: (required) NX_FLOAT (Rank: 1, Dimensions: [n_transmission_function]) {units=NX_ENERGY}

Kinetic energy values

relative_intensity: (required) NX_FLOAT (Rank: 1, Dimensions: [n_transmission_function]) {units=NX UNITLESS}

Relative transmission efficiency for the given Kinetic energies
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Improvements for sample metadata

Nxsample_history keeps track of sample-related activities

® P t sample_history: (recommended) NXsample history -
repara 10N e i : : . v sample_history
. ¥ A set of activities that occurred to the sample prior to/during photoemiss ... .
h |St0 r v sample_loading
A set of activities that occurred to the sample prior to/during photoemission experiment.
. € description
o /n Sltu sample_preparation: (recommended) NXphysical process
€ end_time
¥ Details about the sample preparation for the MPES experiment (e.g. UHV C ... -
m <
treat e ntS Details about the sample preparation for the MPES experiment (e.g. UHV cleaving, in-situ growth, e method
. . . _ € start_time
P D t t start_time: (required) NX_DATE TIME = =
estructive |
end_time: (recommended) NX_DATE_TIME « v sample_preparation
I | leaS U re I | le n S method: (recommended) NX_CHAR & € description
Details about the method of sample preparation before the MPES experiment. e end_time

€ method

€ start_time

HDF5
NeXus file
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NXenvironment: sensor/actuators settings and readout

Previously: all environmental conditions stored on NXsample

Now: NXsample contains environments linking to sensors and
aCtU ato rS On NXlnstrument MANIPULATOR: (optional) NXmanipulator NXerS/

Manipulator for positioning of the sample. NX| nStrU ment

temperature_sensor: (recommended) NXsensor &

name: (recommended) NX CHAR &

NmeeS/ measurement: (required) NX CHAR &

NXSamgle Obligatory value: temperature

type: (optional) NX CHAR <

temperature: (recommended) N

Sample temperature (either controlled or just measured).

temperature_sensor: (required) NXsensor <

¥ Temperature sensor measuring the sample temperature. ...
value: (required) NX FLOAT <

Temperature sensor measuring the sample temperature. This should be a link to /entry/instrument/manipulator/temperature_sensor.

sample_heater: (optional) NXactuator &
sample_heater: (optional) NXactuator &

) name: (recommended) NX CHAR &
» Device to heat the sample. ... Ehra A

cryostat: (optional) N physical_quantity: (required) NX_CHAR &«

Obligatory value: temperature

» Cryostat for cooling the sample. ...

gas_pressure: (recommended) NXenvironment &

Gas pressure surrounding the sample.

pressure_gauge: (required) NXsensor < PID: (recommended) NXpid &

» Gauge measuring the gas pressure. ... setpoint. (recommended) NX |




'—
' Less required fields

We decreased the total ratio of required to total fields and

groups from 45% to 15%

Required 24 (32) Recommenc

Total fields and attributes: 158 (71

ed 74 (29)
)

Optional 60 (10) ‘
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' NeXus supports partial appdefs .

 |t'sas simple as adding a list of concepts to the root level
partial attribute.

» pynxtools is able to merge multiple partial appdefs into a fully
supported data file.

How does it look like?
/@partial = [NXmpes/NXinstrument/NXdetector, ...]

y WS y
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Proper referencing of calibrations

T (Rank: 1, Dimensions: [ncal]) {units=NX_ANY}

PY N O | f tS Vector containing the data coordinates in the original uncalibrated axis
rmuia Tl

@symbol: (optional) NX_CHAR

» The symbol of the axis to be used in the fit_function, e.g., ‘energy’, 'E". ...

* L | near f| ts @input_path: (optional) NX_CHAR

 Mappin
» Additional input axis to be used in the formula. ...

o E Xt e FNAa | re fe I e N C e S . > The path from which this data is derived, e.g., raw detector axis. ...

Standard procedure, e

» For non-linear energy calibrations. Here we can store the formula of the ...

Cal i b rati O n fi e O n | i n e scaling: (optional) NX_FLOAT {units=NX_ANY}

» For linear calibration. Scaling parameter. ...

or integrated into file ot oton) X FLOAT =X AN

» For linear calibration. Offset parameter. ...

mapping_MAPPING: (optional) NX_FLOAT

May have multiple input references

y @ % y




General representation of resolutions

Allows to collect a
single resolution
or an array for each data point

Can have a type of:
estimated, derived, calibrated
or other

Support for

» The physical quantity of the resolution, e.g., ...

» The process by which the resolution was determined. ...

resolution: (optional) NX_FLOAT {units=NX_ANY}

The resolution of the physical quantity.

resolution_errors: (optional) NX_FLOAT {units=NX_ANY}

Standard deviation of the resolution of the physical quantity.

formula_SYMBOL.: (optional) NX_CHAR

» A symbol linking to another path in this appdef to be referred to from the ...
resolution_formula: (optional) NX_CHAR

» Aresolution formula to determine the resolution from a set of symbols as ...

» The response of the instrument or part to a infinitesimally sharp input signal ...

input: (optional) NX_FLOAT {units=NX_ANY}

» The input axis or grid of the response function. ...

» The magnitude of the response function corresponding to the points ...

response functions, formulas and calibration
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' The community built a hierarchy of .

techniques

NXphotoemission

O

Nmees NXpeem
NXmpes_arpes LNXm pes_Xps ‘

\

NXmpes_liquidjet
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' Future plans .

* Base class inheritance
» Umbrella definition NXphotoemission

* Metainformation for each entry to connect to other sources
(e.g., connection to NOMAD or other NeXus entries)
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Rating poll

Survey (1/4)
Are the definitions complete and ready to use?

75%

25%

0% 0%
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0%



Rating poll

Survey (2/4)
Do you see major design flaws in the NXmpes?

75%

0% 0% 0%
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25%



Rating poll

Survey (3/4)
NeXus is...

11%

0%

22%
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Multiple-choice poll

Survey (4/4)

Could you currently export to NXmpes?
(1/2)

I can directly implement it
S S S %

The definition still needs some work
G 2?2 9%

I don't understand it enough
GRS 11 %

No, because it's not worth the effort (yet)
G 11 %

I need more technical support
G 11 %
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Multiple-choice poll

Survey (4/4)

Could you currently export to NXmpes?
(2/2)

No, but for another reason
G 11 %
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