PAUL SCHERRER INSTITUT

RS

2 WIR SCHAFFEN WISSEN — HEUTE FUR MORGEN

Alun Ashton :: Head of Science IT :: Paul Scherrer Institute

Scientific computing, data sharing and reuse at PSI

Raw diffraction data reuse: the good, the bad and the challenging: IUCR 2023
Melbourne 22" August 2023



PAUL SCHERRER INSTITUT

((E» Facilities at the PSI Campus

Swiss Muon Source

Swiss Neutron Sources

SwissFEL ~ Electron Microscopy SINQ and UCN

Facility

Energy System
Integration

Proton Therapy

High-precision Particle

. Physics CHRISP
Radiopharmacy §

Hotlab




PAUL SCHERRER INSTITUT

—

B

o~
r
(

Y

4
~

The ETH Domain

ETH BOARD

ETH:irich

PAUL SCHERRER INSTITUT

EPFL

EWSL

@ Emp

ience and Technology

PSl
Villigen
® @  ETH Ziirich/ETH-Rat
ETH Ziirich Ziirich P
Basel .. E
[ ] Empa/Eawag mpa
WsL Diibendorf St.Gallen
EPFL Birmensdorf
Neuenburg” ey po PY
® Bern Eawag
® Kastanienbaum
Empa
e
Thun
EPFL ® [ ]
EPFL/WSL Freiburg wSL
Lausanne Davak
o
EPFL/WSL/Empa
Sitten wsL
Cadenazzo
o o ®
EPFL
Genf PY
ETH Ziirich
gano
-, CSCS
A S '

Centro Svizzero di Calcolo Scientifico
Swiss National Supercomputing Centre

@

aw

aquatic research

agovw

Page 3



PAUL SCHERRER INSTITUT

“=U=

The Good

Page 4



PAUL SCHERRER INSTITUT

= PSI Data Policy for the User Facilities

Data are a valuable and essential product and resource for research conducted at PSI. Especially

the large research facilities operated at PSI are a source for large data sets relevant for national
and international research teams. This updated document defines the general principles for re-

search data management at PSIl and its user facilities and has been approved in April zo22.

Excerpt

— This document pertains to the ownership, curation and access to research data and
metadata generated, collected and/or processed and/or stored by PSI or at its facilities.

— Itis binding for all PSI employees and external users of PSI facilities and the acceptance
of this policy as far as applicable is a condition for the award of access to research infra-
structures forinternal and external users.

— All activities concerning data management and processing must be in accordance with
the PSl instruction on Research Integrity.

— All Research Data and Metadata obtained as a result of Public Research will be Open
Access after an initial embargo period during which access is restricted to the

Experimental Team, represented by the Pl or the main author of a proposal.

— The embargo period is three (3) yearsl starting at the end of data collection as agreed

between the Data Steward and PI. Thereafter, the data will become openly accessible.

On written request of the Pl the embargo period can be shortened, omitted or extended.
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(I{J» Photon Science (PSD) and PSI Data Volumes

PSI Tape archive at CSCS
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(== Data Catologue: Where does SciCat help?

* Organize the scientific data into datasets

* Annotate the Datasets with administrative and flexible scientific
metadata

* Make the data searchable/discoverable

* Provides the infrastructure for publishing the data, DOI generation

e Can be used as frontend for longterm storage (Archive) solutions of
mass data (PB regime)

* Supports both open access and embargoed data
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[I-{» Metadata ingestion: 1. Define Datasets

 Datasets are the smallest unit for archiving, retrieving and publication

* Create them by defining a list of files, e.g. for raw data list all the files that logically
belong to a measurement/data taking run, or any other criteria. For example: define
all the files in the same directory (e.g. measurementl) as part of one dataset.

filel
runl

file2
measurementl

Run2 file3

beamlinel
/Jaccelerator measuremen t2 runl
Green Boxes are candidates for
Dataset definitions
* In addition to “raw” Datasets you can create “derived” datasets containing the results
of your analysis derived from the raw data. This ingest step is usually done by the user

pursuing the analysis
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(-{J» Metadata ingestion: 2. Define Scientific Metadata

* The definition of scientific meta * Example:
data is fully flexible. O eamtineoarmetarsns |
. .C - “monostripe": "Ru/C",
* |deally following a standard if it rne cnreantns
. "value": 0.40224¢,
exists, e.g. NeXus based HDF5 omitans an
files, extracted from instrument. o emerayrs |
";alue": 22595,
"units": "eV"
}
}I
"detectorParameters": {
"objective": 20,
"scintillatoxr": "LAG 20um",
"exposure time": ({
"value": 0.4,

"units": "S"
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Editing of Metadata

You are editing Published Data record.
Tithe *

Real-Time Imaging Reveals Distinct Pore-Scale Dynamics During Transient and Equilibrium Subsurface Multiphase Flow

@Hep

@~bout

-

Catherine Spurin € Tom Bultreys €9  MajaRicker €  GaetanoGarfi €  Christian M.Schlepiitz €  Vladimir Novak €  SteffenBerg €  MartinJ.Blunt €

Samuel Krevor €3

Resaurce Type *
derived v
Description *

This published data collection centains five datasets obtained by X-ray tomographic microscopy of a carbonate rock sample 5 mm in diameter and 20 mm in length. Both brine and nitrogen gas are injected into the
sample at a total flow rate of 0.1 ml/min (the brine made up 85% of this total flow rate). Data were collected and processed at the TOMCAT beamline X02DA of the Swiss Light Source. The first three datasets
contain the scanned volume reconstruction during unsteady-state dynamics, while last two datasets contain the same scanned volume during steady state dynamics.

Drop afile here

or

Browse

ABstract

In the related publication to these data sets, we explore the flow dynamics for two-phase flow in a porous medium (a bioclastic carbonate rock). We use state-of-the-art synchrotron X-ray tomography to capture|
the fluid dynamics within the pore space, with a scan time of 1 second and a temporal resolution (scan repetition rate) of 2 s, The rock sample was initially saturated with brine (DI water doped with 15%wt. KI)
before brine and nitrogen gas were injected simultaneously. As the gas establishes a path through the pore space, the flow dynamics are transient. E lly, an equilibrium is i where the gas
saturation oscillates about a constant mean value; this is referred to as steady state, There are 5 data sets, 3 of which capture the unsteady state dynamics, and 2 of which capture the steady state dynamics
The images were captured with a voxel size of 2.75 ym3. In these data sets we observe that the pore scale dynamics evolve as the macroscopic flow transitions from unsteady state to steady state, We observe
that the caturation of the oas nlateaus ot hefore the differential nrecsure arrnss the core. This siooests that oas nhase is more mohile durine insteadw state.

downlaad fink

https:/ doi2.psi.ch/datasets/das/work/p17/p17614/Data10/disk 1/

related publications

C. Spurin, T Bultreys, M. Riicker, G. Garfi, C. M. Schiepiitz, . Novak, S. Berg, M. 1. Blunt, and S, Krevor, Real-Time Imaging Reveals Distinct Pore-Scale Dynamics During Transient and Equilbrium Subsurface oy
Multiphase Flow. Water Resour. Res. 56, 433 (2020). https:/doi.org/10.1029/2020WR028287
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SE Discover data via WebUI e

data

Archive
Interface

My Data  Public Data Archivable  Retrievable ~ Work In Progress ~ System Error  User Error

ot Sparch Mtems perpage: 25 ¥ 1-250 111272 P |

o (m| v 0o
F Name Source Folder Size Start Time Type Proposal D Group Data Status
acet
. 2020-12-23
G h 029_estaillades1_q01_fw085_ss .1_fw085_ss 178 P derived p17614 @ retrievable
searc -
2020-12-23
18788 | 2300 ] 020_estaillades1_q01_fw085_us -1_fw085_us 729GB Wed00:05 derived p17614 @ retrievable
2020-12-23
p18762 | 10 [0 019_estaillades1_q01_fw085_us .1_fw085_us 376GB Wed00:05 derived p17614 & retrievable
2020-12-23
p18761 ] 49 [0 018_estaillades1_q01_fw085_us .1_fw085_us 376GB Wed00:05 derived p17614 & retrievable
2020-12-22
p18748 | 147 [0 031 _estaillades1_q01_fw085_ss .1_fw085_ss 478 Tue 2202 derived p17614 & retrievable
- 2020-12-14
p18675| 18 [0 20201214 ANAXAM/11_360_ LAM/11_360_ 47GB Mon 2059 raw unknown  p17896 B archivable
2020-12-14
[0 20201214_ANAXAM/10_360_ .AM/10_360_ 47GB Mon 2037 raw unknown  p17896 B archivable
2020-12-14
[J 09_360/09_360_S .9_360_513_ 47GB Vien 2009 raw unknown  p17896 B archivable
2020-12-14
[J 09_360/09_360_S .9_360_512_ 47GB Vien 2002 raw unknown  p17896 B archivable
2020-12-14
[J 09_360/09_360_511_ .9_360_511_ 47GB Vien 1957 raw unknown  p17896 B archivable
2020-12-14
[J 09_360/09_360_510_ .9_360_510_ 47GB Vien 19.52 raw unknown  p17896 B archivable
2020-12-14
[J 09_360/09_360_509_ ..9_360_509_ 47GB Vien 19.46 raw unknown  p17896 8 archivable
2020-12-14
[J 09_360/09_360_508_ ..9_360_508_ 47GB Vien 19.40 raw unknown  p17896 8 archivable
2020-12-14
[J 09_360/09_360_507_ ..9_360_507_ 47GB Vien 19.35 raw unknown  p17896 8 archivable
2020-12-14
[J 09_360/09_360_506_ ..9_360_506_ 47GB raw unknown  p17896 8 archivable

Mon 19:29
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w1 = Published Data = List of Datasets + Metadata + DOI

« 5> C @ doipsich @ @ Elhloa'oi

PSI Public Data Repository

Public Data Repository Dashboard

ARPES data linked to the publication N.B.M. Schroter et al., Science aaz3480 (202...
Registered Time: Tue May 05 2020 14:38:00 GMT+0200 (Central European Summer Time)
Publisher: PSI

Micrometer-resolution X-ray tomographic imaging of a complete intact post mort...
Registered Time: Maon Feb 03 2020 09:44:00 GMT+0100 (Central Eurapean Standard Time)
Publisher: PSI

JUNGFRAU detector for brighter X-ray sources - solutions for IT and data science ...
Registered Time: Wed May 27 2020 11:29:00 GMT+0200 (Central European Summer Time)
Publisher: PSI

Visualization of stacking faults in InSh micropillars by ptychographic topography
Registered Time: Wed May 27 2020 11:29:00 GMT+0200 (Central European Summer Time)
Publisher: PSI

Selection of representative datasets for data compression investigations
Registered Time: Wed May 27 2020 08:55:00 GMT+0200 (Central European Summer Time)
Publisher: PSI
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# doi.psich

PSI Public Data Repository

Public Data Repos

ARPES data linked to the publication N.B.M
Registered Time: Tue May 05 2020 14:38:00 GMT+020
Publisher: PSI

Micrometer-resolution X-ray tomagraphic it
Registered Time: Mon Feb 03 2020 09:44:00 GMT+014
Publisher: PSI

JUNGFRAU detector for brighter X-ray sourc
Registered Time: Wed May 27 2020 11:29:00 GMT+02(
Publisher: PSI

Visualization of stacking faults in InSh micrc
Registered Time: Wed May 27 2020 11:29:00 GMT+02(
Publisher: PSI

Selection of representative datasets for dat
Registered Time: Wed May 27 2020 08:55:00 GMT+02¢
Publisher: PSI

[ Published Data = List of Datasets + Metadata + DOI

Real-Time Imaging Reveals Distinct Pore-Scale Dynamics During Transient and Equilibrium Subsurface

Multiphase Flow

Catherine Spurin, Tom Bultreys,Maja Riicker,Gaetano Garfi,Christian M. Schlepiitz,Vladimir Novak,Steffen Berg,Martin ). Blunt,Samuel Krevor; PSI (2021)

Abstract

In the related publication to these data sets, we explare the flow dynamics for two-phase flow in a parous medium (a bioclastic carbanate rock). We
use state-ofthe-art synchrotron X-ray tomagraphy ta capture the fluid dynamics within the pore space, with a scan time of 1 second and a temporal
resolution (scan repetition rate) of 2 5. The rock sample was initially saturated with brine (DI water doped with 15%wt. KI) before brine and nitrogen
gas were injected #s the gas. path through the pare space, the flow dynamics are transient. Eventually, an equilibrium
is established, where the gas saturation oscillates about a constant mean value; this is referred to as steady state. There are 5 data sets, 3 of which
capture the unsteady state dynamics, and 2 of which capture the steady state dynamics. The images were captured with a voxel size of 2.75 pm3. In
these data sets we observe that the pare scale dynamics evalve as the macroscopic flow transitions from unsteady state to steady state. We
observe that the saturation of the gas plateaus out before the differential pressure acrass the core. This suggests that gas phase is mare mobile
during unsteady state.

pol https:jidoi.orgf10.16907/46a4d882-4dec-4097-8209-6/631 1242236
Resource Type  derived
Re C. Spurin, T. Bultreys, M. Ricker, G. Garfi, C. M. Schlepiitz, V. Novak, S. Berg, M. |. Blunt. and S. Krevor. RealTime Imaging Reveals
by ':I“"", . Distinct Pore-Seale Dynamics During Transient and Equilibrium Subsurface Multiphase Flow. Water Resour. Res. 56, 433 (2020)
ublications https:jjdoi.org/10.1029/2020WR028287
Datasets
This published data collection contains five datasets obtained by X-ray tomographic micrascopy of a carbonate rack sample 5 mm in
diameter and 20 mm in length. Bath brine and nitrogen gas are injected inta the sample at a tatal flow rate of 0.1 ml/min (the brine
Description made up B5% of this total flow rate). Data were collected and processed at the TOMCAT beamline X0204 of the Swiss Light Source.

The first three datasets contain the scanned valume reconstruction during unsteady-state dynamics, while last two datasets contain
the same scanned volume during steady state dynamics,

20.500.11935/64af1eB0-c539-4a90-a051-b7db5e6e714d
20.500.11935/e151f4d6-198a-47e7-ac63-0b258ef36ed3
20.500.11935/441fdcd9-falc-491c-b102-d114cc841609
20.500.11935/b9782901-be3b-40fe-91d0-3e0a784337c4

20.500.11935/5899a0eb-7e3b-451f-b01e-17ddfc0d0938

ciated with this DOI click below and follow the instructions

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License
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The Bad

Page 15



PAUL SCHERRER INSTITUT

= Raw diffraction data reuse...........
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(15 PSI Data Archive (a) and Retrieval* (b)

@ Sum of Size Cumulative Sum of Size
1,000
20,000TB
900
18,000TB TB
800
16,000TB
700
14,000TB
(a) 12,000TB (b) 600
10,000TB 500
8,000TB 400
6,000TB 300
4,000TB 200
2,000TB J 100 I I I | ‘
Q1-2018 Q1-2019 Q1-2020 Q1-2021 Q1-2022 Q1-2023

Q1-2018 Q1-2019 Q1-2020 Q1-2021 Q1-2022 Q1-2023

Creation Time

*Retrieval off Tape, not including 337TB of open data accessed off spinning disk
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(-{J» Metadata ingestion: 2. Define Scientific Metadata

* The definition of scientific meta * Example:
data is fully flexible. O eamtineoarmetarsns |
. .C - “monostripe": "Ru/C",
* |deally following a standard if it rne cnreantns
. "value": 0.40224¢,
exists, e.g. NeXus based HDF5 omitans an
files, extracted from instrument. o emerayrs |
";alue": 22595,
"units": "eV"
}
}I
"detectorParameters": {
"objective": 20,
"scintillatoxr": "LAG 20um",
"exposure time": ({
"value": 0.4,

"units": "S"
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()= Scalably (and sustainably)

Immediate access storage is expensive
(short term solution) .

N N

Data on tape is cold.
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[-{J=» Current recovery of data from PSI

* Manual process to get data requested and staged at PSI for processing or at CSCS for
download (and processing in the future)
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(IF{» Responsibilities at PSI Facilities

Swiss Muon Source

Swiss Neutron Sources

SwissFEL ~ Electron Microscopy SINQ and UCN

Facility

Energy System
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= Acquiring For FAIR S

* Each facility and science domain will * Three PSl example activities:
face different challenges
— Data provenance 1. SLS 2.0 upgrade

— Data ‘format’
— Community standards

— Interdisciplinary standards 2. ETH Domain ORD
— Data ingestion — OpenEM
— Data quality
— Responsibilities 3. Materials cloud

— Who should catalogue the data
and when.

Page 26



1. SLS 2.0 Upgrade Project

e

* The SLS 2.0 upgrade requires a comprehensive rebuild of the storage ring and magnet
lattice, resulting in an improvement in emittance and associated increase in
brightness by a factor of forty compared to the existing performance in the most

commonly used hard x-ray regime.
e A phased program of upgrades of the beamlines will begin in parallel to optimize

exploitation of the ring.

025 2024 025 026
a1 a2 a3 a4 Q2 as Q1 a2 <] a1 a2 as
1[r[mlalmls]iJals|o[n]olsiJr[mlalmlssTals]o[n]nli]r]mlalm[ili]als|oln]pli]e]m|alm]i]i]a]s{o[n]D
SL52 user operaion
5 com-
- - with reduced . -
Owverall 5LS user operation Dark period shutdown | mis- 5152 User operation
number of Soni
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L ScS8 &H- (S8 com
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Machine Inctalaton new nng . Gr2 i mes-
as vacuum condioning o
notallation |sioning | WEET
user operation oper-
; : nect, modif. om- :
mstallations, modifcations and upgrades ' L. modif- c 5 THE .
Beamlines Phase 1 : and upgr. | commissioning mis- useroperaion
a5 Ind pronty s cafions | .
o prionty soning
: _ z inet, modf
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()= 1. Opportunities from SLS 2.0 Shutdown

e Experiment Control on SLS

MATLAB Python,
SPEC DA+, FDA PShell table, caQtDM,
IDL Python, pyEpics
CaChannel
SPEC device driver Other (e.g. fast control EPICS
for end stations)
Detector(s): Sample
PILATUS, Magnets Optics Motors environment
EIGER, devices
MOENCH,

Page 28
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(-{J=» 1. Beamline Experiment Control for post SLS 2.0

Configuration
Management

-  Standard entry points for
EEEEn client interfaces or
bec_client e bec_client i bec_client P .
(IPython) ‘ (Gu) ‘ (Web UI) ‘ dana |YSIS
: = % -
T = 2 (el » Standardised file (and
EEEEN EEEEN N
d ﬁ = CD metadata) writing
scan ServerD \ file_writer

V4 \ \ * Hardware abstraction

D (Ophyd from BlueSky)
=

BEC Core

Bluesky hardware abstraction * Rollout onto beamlines
) Legends (Ophyd library)
# docker container GPFS u nderway'
~~  application Hardware
service
= message
metadota

Page 29
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Service to connect BEC to
Configuration 9
Management other external services

n ) )
— such as SCIB.EC, SciLog and
EEEEE SciCat 3
Dec_cle bec_client
(IPython) (Web UI)

) ! BEC database

Session data

Populated with information from DUO
(beamline <-> experiment <-> pgroup)
Stores scan information (type,
instructions, metadata, exit status...)

Live plots
(GuI)

file_writer

Device data C

Stores the mapping of scans into datasets
(for SciCat export) fware abstraction
Set the active experiment yd library)

application ardware
service
message

metadata

GPFS

(-{J=» 1. Beamline Experiment Control for post SLS 2.0

scihub service

 Standard entry points for
client interfaces or
analysis

* Standardised file (and
metadata) writing

* Hardware abstraction
(Ophyd from BlueSky)

* Rollout onto beamlines
underway.
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(=J= 2.ORD in ETH Domain, Switzerland

* “Science often benefits from multiple evaluations of the same data sets by
researchers with different backgrounds, perceptions and ideas. ORD allows —and
stimulates — new research and discoveries”, Position of the ETH Domain

* The ETH-board together with the ETH domain have committed 15 MCHF for the
promotion of open research data (ORD) research practices and services.
— Measure 1: Call for Field-Specific Actions
— Measure 2: Coordination of Access to Research Data Management (RDM) Services &
Infrastructures
— Measure 3: Development of Online Course Material for RDM Training
— Measure 4: Information on Legal Questions related to ORD
— Measure 5: Career Paths for ORD Professionals

https://ethrat.ch/en/eth-domain/open-research-data/
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=("J» 2.The Open EM Data Network (OpEM)

FADL SCHERRER INSTITUT

Open EM Data in Switzerland

Funded as part of the ETH Domain ORD program:

Spencer Bliven®, Alun Ashton®, Henning Stahlberg?;, Robbie Loewith+

OpEM is a consortium of Swiss electron microscopy facilities

Summary
Lhe Open LM Data Network (UpLIM) i a <ousc

working together to:

— Improve Open Research Data (ORD) practices in the Swiss EM community
Provide an open and FAIR repository for Swiss EM data not hosted elsewhere
Standardize EM metadata & automate collection at Swiss EM facilities
— Follow a consistent data lifecycle when collecting data at different facilities
— Streamline publication of EM data into open repositories
OpEM will target both researchers producing EM data and consumers
of open data for additional science. Data producers benefit from more
streamlined data collection, standardized facilities, easier deposition
for publication, and adherence to data management policies. The
wider availability of open EM data brings numerous benefits, including

Resources
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https://ethrat.ch/en/eth-domain/open-research-data/
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(= 2.The Open EM Data Network
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Processed Data,

Data Sharing Workflows

Local Processing



PAUL SCHERRER INSTITUT

(J=» 3. PREMISE goals

Open and Reproducible Materials Science Research

Establish, promote and facilitate the adoption of FAIR ORD practices
in Materials Science.

Provide missing critical components to enable open and reproducible
research (accessible, shareable)

Address interoperability between data from simulations and
experiments (currently: no established RDM practices)

Key enabler of emerging Al/ML-driven autonomous laboratories,
with native support for RDM and ORD practices
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(15 3. Example : Linking with Domain Tools

Materials Cloud is built to

enable the seamless sharing

and dissemination of

resources in computational MATERIALSCLOUD
materials science, offering

educational, research, and

archiving tools; simulation O ° ° v 0—o0 O
software and services; and ©

curated and raw data LEARN WORK DISCOVER EXPLORE ARCHIVE

https://www.materialscloud.org C©COO®



https://www.materialscloud.org/

[J—_— 3. PREMISE structure: structure and workpackages

WP1
Enabling seamless integration
of open data from experimental
and simulation workflows

PREMISE
WP3

WP2 i
Open and Reproducible Open data from workflow-driven

Open data from simulation-assisted Materials Sci R h
experimental interpretation ateriais ocience nesearc robotic experiments
WP5

: | Project management and outreach

@ = et
. Enabling reproducible and accessible
e- o Materials experiments and simulations

— J L% » > £

36



PAUL SCHERRER INSTITUT

B5 Summary

* The Good:

— Facility tools and policies are now well advanced in Switzerland/Europe, benefiting
greatly from the PANOSC and ExPaNDS initiatives.

e The Bad
— The data you get out is only as good as the data you put in

* The Challenging

— Ensuring Acquired For Findable Accessible Interoperable Reusable data Scalably
(and Sustainably) needs further investment and engagement, not just top down
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