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Talk outline

1. Achievements of ExPaNDS + PaNOSC

2. The Photon and Neutron Open Science Cloud

3. Towards the European Open Science Cloud 

4. How does this benefit Users i.e you?



Users + Facilities feel the weight of data

Users
• Huge data volumes

Tera à Petabytes
• Sample metadata
• Raw data quality
• Data processing
• Data exporting
• FAIR data

(meta)
data

Facilities
• Huge data volumes

Peta à Exabytes
• Data acquisition
• Metadata collection
• Data curation
• Data archiving
• FAIR data



How to reduce the data pressure

Users
• Data scientists
• Provide metadata
• Keep logbooks
• Data management 

checklist / plans
• Publish data
• Cite data

data

Facilities
• Data managers
• Curate raw data
• Online processing
• Metadata catalogues
• Data repositories
• Remote analysis
• Data portals

The goal of ExPaNDS and PaNOSC was to reduce the 
burden on Users to manage and make data FAIR
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Facilities and Users converging needs for data management



European support for the PaN community

2010  2015             2018                    2021

Common data policy
Software Catalogue Jupyter

Data Management PlansFAIR data policy
Remote analysis

Training platform
UmbrellaID

e-neutron
AARC Blueprint eduTeams

Policies
Analysis
AAI
Training

2019 2020 2021 2022 2023

European Open Science Cloud 



Two EOSC projects for PaN : PaNOSC and ExPaNDS

Photon (LEAPS) Neutron (LENS)

PaNOSC

ExPaNDS

DESY

STFC
CESNET



PaNOSC + ExPaNDS - Main Achievements

1. FAIR data policy and DMPs 
2. Standardised metadata Nexus/HDF5 + PaNET à Wout’s talk
3. Guidelines for FAIR data self-evaluation 
4. Federated search API for PaN data catalogues
5. Open Data portal for searching + downloading data
6. Community AAI UmbrellaId à EduGAIN AAI
7. JupyterLab notebooks and Nexus/HDF5 files visualisation
8. Remote data analysis with VISA + data analysis pipelines
9. Simulation software for simulating experimental data (ViNYL)
10.PaN-training + learning platform (pan-training.eu)



HDF5 is needed to acquire, process and store large datasets and has 
been adopted as de facto standard across most facilities (with NeXus 
conventions for metadata)

New Features

• Multi-dataset I/O
• Selection and vector I/O
• Subfiling VFD
• Multi-Threaded 

Concurrency (WIP)
• Sparse data storage (WIP)

PaNOSC developed H5Web to 
make HDF5 even easier



H5Web Visualization Ecosystem

Generic HDF5 file viewer

• Integrated into data portals + web apps (ESRF, 
EuXFEL, DLS, AS, …), for viewing files 
generated during experiments

• Available as JupyterLab and VS Code 
extensions, and as stand-alone web service, 
myHDF5, for viewing local and remote HDF5 
files

A huge thanks to Brian Maranville for  
h5wasm !

https://github.com/silx-kit/h5web

https://github.com/silx-kit/h5web


HDF5 file viewing on the web made easy 
https://myhdf5.hdfgroup.org/

https://myhdf5.hdfgroup.org/view?url=https://zenodo.org/record/4751241/files/sinograms_xrdct_ceramic.h5?download=1

https://myhdf5.hdfgroup.org/view?url=https://zenodo.org/record/4751241/files/sinograms_xrdct_ceramic.h5?download=1


The ExPaNDS project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 857641.
The PaNOSC project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 823852.

VISA - Remote Data Processing/analyses 
platform

Infrastructure for remote data 
processing / analysis
Users dedicated VM

Access to data

Access to Provisioning of scientific 
SW using CVMFS and Containers
Access to the GPUs, HPC cluster

Infrastructure based on OpenStack
Development led by ILL in the 
scope of the PaNOSC project



The ExPaNDS project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 857641.
The PaNOSC project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 823852.

ESRF-EBS serial crystallography beamline (ID29) 
produced > 1.2 PB in first 6 months



VISA for ID29 SSX - demo dataset and processing 

07/07/2023 14

911Gb data collected in 8 min
80K images collected
Users avg collect: 25Tb/12hrs

manual processing 
from command line
2 images/sec

CVMFS module to load 
softwares
Automated script to access 
SLURM cluster



VISA for ID29 SSX – graphical viewers performance 
acceptable in a VISA virtual machine via browser

07/07/2023 15



Share training material, videos, events, etc. on Pan-training.org 

https://pan-training.eu/

https://pan-training.eu/


Open Training - courses on Pan-learning.org 

https://e-learning.pan-training.eu/moodle/

Achieving100% Open Educational Resources: 

1. Publish training material on pan-training.org
2. Develop learning material on pan-learning.org 

https://e-learning.pan-training.eu/moodle/


The ExPaNDS project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 857641.
The PaNOSC project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 823852.

• “An interesting talk with engaging discussion. Great inclusion in the program”

• “Happy this lecture was included.”
• “This teaching is absolutely necessary for our generation. Although the lecture was severely lacking in 

nuance and very moralistic (this should definitely be improved for next time), the comments made by 
the students and the discussions that this sparked were really interesting and made it very enjoyable 
and reflective about our everyday works. Such deep discussion are much more efficient to change the 
way of working than "you should do this" type of lecture.”

• “This lecture was truly interesting and turn into a debate rapidly even if it was not planned. Maybe 
change the format to a lecture and debate could be nice for the future.”

• “Please push some of the questions/arguments offline earlier to focus on the core topic.”

“The role of the scientist in making data FAIR for reproducible science”
Talk given first time as  part of Hercules School in 2024 
Rated: 40% Very good, 28% Good, 12% Average

FAIR data + Open Science lecture at Hercules School 2024



Open Data from federated PaN Repositories

19

PaN Open Data Repository

image: http://blogs.nature.com/scientificdata/2013/07/23/scientific-data-to-complement-and-promote-public-data-repositories/ 

PaN Search API

Local repositories

PaN Open Data Portal

Citizen 
Science

Open 
Science

http://blogs.nature.com/scientificdata/2013/07/23/scientific-data-to-complement-and-promote-public-data-repositories/


The ExPaNDS project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 857641.
The PaNOSC project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 823852.

PaN Data Portal - https://data.panosc.eu 

https://data.panosc.eu/


PaN Data Commons - What , Why and How

1. Create new kind of User community – 
PaN Open Data User Community

2. Open Data are findable via one portal
3. Users can analyse the Open Data on their 

own or request “Data-Time” for help
4. Users can train, analyse, verify, publish

“The vital role of primary experimental data 
for ensuring trust in (Photon & Neutron) 
science”
https://doi.org/10.5281/zenodo.5155882

https://doi.org/10.5281/zenodo.5155882


2024 – PaNOSC continues as a community activity

1. Text
PaNOSC Partners are members of LEAPS + LENS



OSCARS will spend 18 million euros on  

projects on FAIR data and Open Science 

(150k – 250k euros / project). C
all closed, 

results 26 July  2024 (see OSCARS web site)



The ExPaNDS project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 857641.
The PaNOSC project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 823852.

The vision (2016)
European Open Science Cloud 
- The vision - 

Ø Bridging todays fragmented 
and ad-hoc solutions; 
towards a federation of data 
infrastructures

Ø FAIR data and services for 
data storage, management, 
analysis and re-use across 
borders and disciplines

Ø Added value for data-driven 
science, reproducible science, 
interdisciplinary research, 
digital innovation (EU DSM)

Next phase is “Building the EOSC 
Federation” made up of EOSC Nodes 

à PaNOSC to provide an EOSC Node



[CheckCif for Raw Data]Crystal structure of the second extracellular 
domain of human tetraspanin D9: twinning 
and diffuse scattering

IUCr Journals has launched IUCrData’s Raw Data Letters 
Scientists are encouraged to publish raw data!



Where PaNOSC can help ORSO activities

1. FAIR data policy – ORSO database policy issues
2. Standardised metadata –adoption of Nexus/HDF5 + PaNET 
3. JupyterLab notebooks – provide examples + training 
4. ORSO Database – to be included in PaNOSC EOSC Node
5. Remote data analysis – provide VISA service linked to processing 

pipelines in PaNOSC EOSC Node
6. Reflectometry training – register training material pan-training.eu
7. ORSO to identify a PaNOSC contact person

6th ORSO Workshop: The output is expected to be a joint paper on 
Metadata and the setting up of a reflectometry data base for shared data. 



Conclusion

1. The Photon and Neutron Open Science Cloud (PaNOSC) is 
implementing a Data Commons of FAIR data in EOSC

2. Facilities have the role of managing data for Users

3. Users role is to enrich metadata, publish and cite data

4. ORSO must continue its good work on metadata, 
databases + training material!



Thank you 

1. PaNOSC + ExPaNDS collaborators
2. ESUO, ENSA, LEAPS and LENS facilities
3. IUCr Committee on Data
4. Users for use cases, data and feedback
5. European Commission for funding PaNOSC + ExPaNDS 
6. ESRF colleagues Jean-Francois Perrin, Daniele de Sanctis, 

Gerd Heber (HDF Group) and the EC for slides



How can the EC help solve the data issues?

1. European Commission funds 
common activities

2. One of the activities of European 
Data Strategy is the European 
Open Science Cloud (EOSC)

3. Photon and Neutron sources in 
Europe are seen as part of the 
EOSC as data providers



The ExPaNDS project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 857641.
The PaNOSC project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 823852.

The vision (2016)
Not a cloud from Brussels, but a research 
Data Commons driven by the stakeholders

EOSC 
declaration

2017

Together, we can create a European Research Data Commons that will not only 
benefit Europe but help tackle the societal challenges worldwide.  EOSC-A

EOSC 
Association 

2020

Vienna 
Declaration

2018



Open Science with Jupyter notebooks

● Notebooks are a combination of code, output and annotation in one 
document

● If used appropriately, makes publications reproducible 
● For example: one notebook per figure in publication
● Notebooks from reproducible publications make the work re-usable 
● Currently, lots of time is used by researchers to repeat the work of others, 

before they can advance science.

PaNOSC provides training on making reproducible publications for FAIR data
https://youtu.be/vStbMUDI_jU



The ExPaNDS project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 857641.
The PaNOSC project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 823852.
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Yes, already adopted (Y) Planned to be adopted (P) 
Not Planning to be adopted (N) Under evaluation (U) 
In progress of being adopted (WIP) 

 

FACILITY
FAIR 
data 

policy
DMPs DOIs Nexus 

HDF5
Search 

API
Open 
Data 

Portal
AAI Jupyter

Lab VISA
VINYL/

OASYS/
McStas

Pan-
learning/ 
training

ALBA P P WIP WIP WIP WIP P Y WIP N U
DESY WIP WIP WIP Y WIP P WIP Y U Y WIP
CERIC-
ERIC Y WIP Y WIP Y Y Y Y Y Y Y

DIAMOND
ELETTRA Y WIP Y Y Y Y Y Y Y Y Y
ESRF Y Y Y Y Y Y Y Y Y Y Y
ELI-ERIC Y Y P Y Y Y WIP Y Y Y Y
ESS Y Y Y Y Y Y Y WIP WIP Y Y
EuXFEL Y WIP Y WIP Y Y WIP Y WIP Y Y
FELIX Y P WIP U U WIP U U N N U
HZB Y P WIP Y P Y P U U U U
HZDR Y WIP Y N U Y Y Y P WIP Y
ILL Y WIP Y Y WIP Y Y Y Y Y WIP
MAX-IV WIP U Y Y Y Y Y Y U U U
PSI Y WIP Y WIP Y Y WIP WIP N N N
PTB Y WIP Y WIP N Y N N N N N

SOLARIS
SOLEIL Y WIP WIP Y WIP WIP Y WIP WIP U Y
SESAME Y U P Y P WIP P P N Y N



LEAPS Data Strategy 

https://doi.org/10.1140/epjp/s13360-023-04189-6

https://doi.org/10.1140/epjp/s13360-023-04189-6

