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Abstract

Operational since 2008, SOLEIL offers users access to a

wide array of experimental techniques through its 29
beamlines, covering a broad energy spectrum from THz to
hard X-rays. In response to evolving scientific and societal
needs, SOLEIL is undergoing a major upgrade through the
SOLEIL II project. This transformative initiative includes
the development of a new Diffraction Limited Storage
Ring (DLSR) designed to dramatically increase brilliance,
coherence, and flux. The upgrade also encompasses the
modernization of beamlines to support state-of-the-art ex-
perimental techniques, along with a comprehensive digital
transformation centered on data and user-oriented work-
flows.
This poster presents the current status of the digital trans-
formation efforts within the SOLEIL II framework. It out-
lines the project's overall progress, with a particular focus
on advancements in computing and data management. A
central element of this transformation is the implementa-
tion of a unified Data Platform. Key developments include
the deployment of a data catalog, upgrades to the IT infra-
structure, user interface (UI) research, and the integration
of robotics.

The platform leverages shared infrastructure and soft-
ware patterns to support both beamline and accelerator
teams. Additionally, ongoing evaluations of data streaming
technologies—such as ASAPO, LIMA2, and DranSPose—
aim to enhance real-time data acquisition and processing
capabilities.

SOLEIL II PROJECT ORGANISATION

The SOLEIL facility [1] is currently undergoing a major
upgrade of its accelerators and beamlines to achieve un-
precedented levels of performance. This upgrade initiative
is known as SOLEIL II [2].

SOLEIL II will enable experiments that are up to 10,000
times faster, 1,000 times more sensitive, and capable of
achieving nanometer-scale resolution. These enhanced ca-
pabilities will make a decisive contribution to addressing
key societal challenges in fields such as advanced materials
research, energy and sustainable development, health and
well-being, and the environment.

As part of the upgrade, the storage ring will be com-
pletely rebuilt and its equipment replaced, transforming it
into a low-emittance ring capable of delivering an ultra-
stable photon beam. Several beamlines will be relocated
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and upgraded to fully benefit from the enhanced perfor-
mance of the new photon source.

The project is structured around four main programs:

o Accelerator construction

e Beamline realignment and adaptation

o [T system overhaul

o Infrastructure and logistics
In line with the strategy defined during the TDR (Technical
Design Report) phases, the architecture and infrastructure
of the Information Systems (IS) are also being modernized
to support the facility’s evolving needs.

SOLEIL II has now officially entered the construction
phase. The shutdown of operations, to allow for the re-
moval of existing equipment and installation of the new ac-
celerator, is scheduled to begin in October 2028 and will
last for approximately 18 months. This phase includes the
dark period and the commissioning of the storage ring.

Once construction is complete, the next phase, titled "7o-
wards Full Performance,” will enable further enhance-
ments to the beamlines to fully exploit the advantages of a
coherent, low-emittance electron beam.

STATUS OF IT AND DATA
MANAGEMENT PROGRAMME

Introduction

In accordance with the targeted characteristics of the fu-
ture electron beam and the scientific performance unlocked
by Soleil II, the Soleil II project is in charge of delivering
an IS capable of providing a state of the art user experience
before, during and after the experimental project. This par-
ticularly means supporting our users in leveraging the in-
creased capabilities offered to them through Soleil II’s
beamline instruments, as they will be at the end of the dark
period and as the will evolve during Soleil IT’s lifetime. The
IS required to achieve this goal thus needs to be state of the
art, to cope with the continuous increase in data generated,
and to seamlessly accompany the evolution of Soleil II,
while insuring the highest degree of reliability, perfor-
mance, ease of use and security.

The collaborative approach developed during the Con-
ceptual Design phase has been maintained during the Tech-
nical Design Requirements phase, involving many repre-
sentatives from SOLEIL's IT teams, beamlines and accel-
erators. The Technical Design Requirements phase was
structured into six work packages, each led by a pair of
leaders to foster a cross-disciplinary approach that includes
accelerators, scientific, and computing teams. These work
packages, as summarized in Fig 1, are further divided into
32 sub-tasks. They encompass various aspects, including
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organizational improvements, control architecture, future
operational tools, data acquisition integration, user experi-
ence enhancements, and the implementation of new data
processing techniques, including artificial intelligence.

IT and Data Management

Figure 1: IT and Data management program organisation
with the work package description.

Technical Design Report Main Findings

Bridging the CDR [3] phase and the full-fledged SO-
LEIL II project organization, the Technical Design Re-
quirements (TDR) phase aimed at providing SOLEIL II
with a roadmap of the work to be done during the 2 project
phases: “Construction” and “Towards Full Performance”.
During this TDR phase, the IT and Data Management Pro-
gramme reached essential milestones by putting in produc-
tion some of the foundational elements required to build
SOLEIL IT’s IT systems.

Among them, the adoption of a DevOps mindset and
ecosystem has been identified as a cornerstone for all fu-
ture software development, including SOLEIL II’s specific
deliverables. This approach will be offered to every soft-
ware project originating from SOLEIL in order to stream-
line software production and ensure quality and security by
design. Coupled with a new architectural framework based
on PLUSS and on modular software components, this will
enable faster and more reliable software delivery for devel-
opers with an heterogeneous knowledge of SOLEIL’s IT
infrastructure.

From an infrastructure standpoint, base services like
storage, compute, remote access, operational data archiv-
ing of control systems, have been or are undergoing re-
newal so as to cope with the current and future require-
ments of the ever-growing generated data and expectances
on data analysis of SOLEIL’s users and operators. In the
same spirit, protection against cyber threats, a priority ob-
jective identified as part of the TDR phase, has already
been improved with identity federation, multiple factor au-
thentication, logs and metrics analysis initiatives.

The TDR phase also delivered the seeds of services
which the SOLEIL II project will accompany to full
growth, such as the rollout of FAIR principles at SOLEIL
(As A Service data analysis capability with VISA [4], Data
Cataloguing with Scicat) or the enhancement of services
for SOLEIL’s users with the Sample Management Applica-
tion (SMA).
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Additionally, the TDR phase allowed SOLEIL to shape
some of the requirements that the SOLEIL II project will
need to fulfil, in particular the need for a more integrated
control system, able to orchestrate resources (physical and
computational) across SOLEIL’s whole IS system, estab-
lishing a data platform providing end to end analysis abili-
ties (from acquisition to interpretation).

The refinement of some topics outside of the “Construc-
tion” phase’s critical path, such as the overhaul of SO-
LEIL’s User Office portal, will however need to move for-
ward and be integrated in due time as a deliverable of the
Soleil II project.

Target Architecture

Building upon existing expertise and the outcome of the
TDR, SOLEIL’s IS has been oriented to incarnate a Data
oriented Plateform, as illustrated in Fig. 2. The objective of
this approach is to improve the automation of experiment,
maximize the outcome of the data throughput while carry-
ing out a FAIR (Findable, Accessible, Interoperable, Reus-
able) data policy by ensuring that SOLEIL can rely on a
validated and integrated set of features and services cover-
ing all requirements to process its data, be it scientific or
operational.

An integrated, cross-functional architecture is being im-
plemented to unite all I'T stakeholders, with a primary focus
on creating a modular foundation that allows for agile,
long-term evolution. This paradigm will be technically re-
alized through service-oriented technologies, such as API
management and event driven systems. Cloud-native and
big data infrastructure will be implemented and will help
further develop existing data-oriented services or create
new ones. The envisioned digital transformation will also
emphasize automation improvements to integrate smart
systems, advanced processing, and the use of artificial in-
telligence for control, operational maintenance, and data
processing.
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Figure 2: Target architecture for SOLEILII's IT system.
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MAJOR ACHIEVEMENT

Cybersecurity

A strategy to enhance SOLEIL's cybersecurity has been
established. The following sections describe the work that
is either in progress or already completed.

Identity Management

To strengthen our cybersecurity, various technical and
organizational measures have been gradually imple-
mented:

e C(Cleaning up our ActiveDirectory, analyzing and
gradually optimizing the onboarding/offboarding
processes for our employees

e Implementation of a password compliance policy
and tools to guarantee and monitor the quality of
our passwords

e Gradual deployment of modern authentication
methods on our business applications. In particu-
lar, the use of MFA (Multi-Factor Authentication)
is now the norm for SOLEIL employees.

System Compliance and Monitoring

Protecting our systems also involves using up-to-date
workstations and servers. We have therefore defined the re-
quired configurations in terms of operating systems, appli-
cations and security tools. Computers that cannot be up-
dated are gradually being phased out, while all others must
be integrated into automatic update and patch management
systems.

Obsolete system and network protocols are now explic-
itly blocked. A compliance verification and vulnerability
detection tool runs periodically, listing all anomalies and
ensuring that the overall security level is continuously im-
proved.

Cybersecurity Supervision

In addition to the widespread use of the Zabbix [5] mon-
itoring tool, the projected implementation of an EDR and
log centralization tool provides visibility into workstation
activity, alerts in the event of anomalies, and quick incident
analysis.

Cybersecurity Awareness and Training for Em-
ployees

In addition to regular communications to staff on cyber-
security topics, an awareness campaign including phishing
test and training tutorials is underway with the help of an
external partner.

A monthly report on Cybersecurtity projects is done to
the board of directors

Collaborations

Soleil participates to the working group gathering
CISOs of most European Photon and Neutron facilities, to
discuss best practices with the [T groups of others
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scientific facilities and publish recommendations for use
by directors.

PLUSS Platform [6]

In order to enhance the way to share information across,
Data has been considered in a global approach. As we have
to maintain in operation the current information system and
build new blocks for SOLEIL II, considering that the
amount of data exchange will increase drastically, a project
known as PLUSS (PLatform for Urbanization at Synchro-
tron SOLEIL, see details [6], illustrated in Fig. 3), that pro-
poses a unified approach to interconnect either existing
systems or future ones. Technically, we have chosen to
setup an Apache Kafka broker for managing asynchronous
communications and WSO2 API Manager to handle web
APIs. Those two systems are now installed on premise and
in operation for the first use cases: Sample Lifecyle man-
agement and SciCat as detailed hereafter. As we have gain
experience and expertise setting up concrete use cases, we
are now confident that this platform is ready to ramp-up for
new uses cases.
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Figure 3: PLUSS architecture.
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Sample Lifecycle Management

The TDR study has identified the need for improving the
tracking of samples measured on beamlines. A new version
of a brand new ’Sample Management Application’ (SMA)
has been integrated into SOLEIL’s IS alongside with the
PLUSS initiative which bring some useful architecture
methodology and work force. This SMA has many inter-
connections with other services such as an identity man-
agement service, our Digital User Office (SUN Set), a fu-
ture electronic logbook, the beamline acquisition system as
shown in Fig. 4. This first version was deployed recently
in a production environment, with its first interconnections
to:

e Our Identity Access Management service (Key-
Cloak [7]) with the OpenlID Connect protocol for
managing authentication and authorisations,

e Our DUO with some dedicated Kafka producer and
consumer to associate samples with the experiment
proposal metadata,

e Our beamlines control systems, by exposing on a
TANGO device that gather sample’s information on a
REST API of the SMA, through WSO2 APIM;
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allowing to associate sample metadata with the exper-
imental data.

The first setup has allowed to successfully create some
first samples on one beamline. We are now ready to pro-
ceed validations on several beamlines. New functionalities
are already identified and will be added in futures develop-
ments.

Legend
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Figure 4: Sample tracking architecture.

Data Catalog (SciCat [8])

The project was launched two years ago in the scope of
the digital transformation for SOLEIL II. All integrations
have been carried out using PLUSS, TANGO, DUO, and
authentication and authorization through IAM (Fig.5).

To integrate the SciCat [8] data catalog into our environ-
ment, we extended the scanning system to support dataset
creation. The acquisition system, which already collected
metadata from Tango for Nexus/HDFS5 file generation, was
enhanced to handle datasets and capture the necessary
metadata. Proposal information from DUO was also en-
riched in Tango with the metadata required by SciCat.

The system, implemented entirely through extensions of
existing Tango devices, is highly flexible, allowing any
control system information to be persisted in both Nexus
files and SciCat datasets. Proposal and dataset ingestion are
integrated with our Kafka infrastructure of PLUSS, while
access rights are directly managed through DUO permis-
sions via [AM.

The solution was deployed on the SWING beamline with
successful first tests, enabling dataset ingestion into SciCat
with minimal changes. Ongoing work focuses on external-
izing SciCat access, enabling file access via Globus [9],
and implementing DOI creation through DataCite. Build-
ing on these results, the components can be instanciated
more broadly across SOLEIL, while accommodating the
diversity of data management practices. When it comes
time to publish the data, SOLEIL is in the process of de-
ploying the SciCat data catalog, aligning with its data pol-
icy that adheres to the open science principles defined in
the European standard.

WEPD: WEPD Posters
MCO1: Project Status Report on New Facilities

JACoW Publishing
doi: 10.18429/JACoW-ICALEPCS2025-WEPDO010

Figure 5: Diagram of the SciCat integration within the SO-
LEIL environment.

SOLEIL's DUO integration into PLUSS

As part of the urbanization of SOLEIL II's IS data flows,
the DUO (Digital User Office) tool, also known as SUN
set, plays a central role as it meets the needs of several web
applications fed with proposals and samples (i.e.: IAM,
SAM, pyISPyB, SciCat, VISA, Eloctronic Logbook, etc.).
Anunprecedented collaborative effort of different SOLEIL
groups has been made to extend its capabilities, through the
implementation of new interfaces based on standard proto-
cols:

e One interface is based on Kafka for real-time data

flow processing.

o Another is based on REST APIs for synchronous ap-

plication exchanges.

Regarding data flows, a Kafka producer was designed,
developed, tested, and interconnected with the SMA appli-
cation, then integrated into the new PLUSS platform. This
Kafka producer is embedded in SUN set in the form of an
internal module. For greater resilience, it has been rein-
forced by a cache mechanism: messages are saved in a da-
tabase and transmitted to the Kafka broker as soon as it be-
comes available again, including in the event of mainte-
nance, unexpected interruption, or failover. The same work
has been carried out for the REST interface, with particular
attention paid to the generic nature of the APIs to maximize
reusability, limit specific developments, reduce mainte-
nance complexity, and ensure better scalability. The next
step will be to integrate this interface into the WSO2 plat-
form. Fully operational these two interfaces, Kafka and
REST, now reinforce the interoperability of the IT system,
facilitate maintenance and ensure better scalability. They
are already used in the development of IAM, SAM and
pyISPyB applications.

Logs Centralization

The Elasticsearch infrastructure [10] for log analysis has
been stabilized and improved, initially focusing on
TANGO logs by resolving issues like duplicates and dash-
board instability. Data collection is now reliable, struc-
tured, and efficiently managed with a rotation policy. A
comparison with Loki/Grafana confirmed FElastic as the
preferred solution. The system was extended to include
web cluster logs (Kafka, APIM, Scicat, Webcontrol), with
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a modernized architecture using Elastic Agent and Ingest
Pipeline for better efficiency and flexibility. A POC was
launched to migrate TANGO logs to this setup, and a pro-
totype was developed to track TANGO database changes
for improved traceability. The use of Elasticsearch for logs
centralization is also one of the projected architectures for
Cybersecurity logs centralization and analysis.

Control System Enhancement

Significant enhancements have been made to the SO-
LEIL control system, addressing both obsolescence issues
and laying the groundwork for SOLEIL II. In the software
factory [11] domain, the C++ build system has been suc-
cessfully migrated from Maven to Conan and CMake,
providing a modern, cross-platform foundation for depend-
ency and build management. This transition enables the use
of up-to-date compilers and standards across all platforms.

Since late 2023, several automation applications with ro-
botic arms have been implemented on beamlines: SWING
uses a robot for liquid pipetting in BioSAXS [12]; NANO-
SCOPIUM completed commissioning of its X-ray detector
positioning system for Bragg CDI and began expert-user
experiments; and a measurement bench for supermod-
ule [13] characterization was deployed for the magnetism
and insertions group in 2024. Additionally, promising de-
velopments include monochromator-undulator synchroni-
zation for optimal performance, and a magnetic levitation-
based translation—rotation demonstrator developed with an
industrial partner under the LEAPS-INNOV project.

In order to improve automation several new tools and ap-
plications have also been developed, including PylmgPro-
cessor, a Python Tango device for modular image pro-
cessing now in production on multiple beamlines. It is use
at Cristal beamline, for an Al-based application for auto-
matic capillary centering; and at Swing beamline, it pro-
vides tools for sample centering and image file integration
into the Tango ecosystem.

Additionally, the unification of the historical Scan-
Server and Flyscan [14] is nearing completion, with suc-
cessful tests on two beamlines and operational interfacing
with SPYC. The next step involves deployment on a new
beamline, followed by the migration and cleanup of legacy
configurations. In parallel, a strategic effort is underway to
define the future of graphical user interfaces (GUIs) at SO-
LEIL, involving the evaluation and prototyping of new so-
lutions tailored to various control system applications.

CONCLUSION

The TDR phase has structured and validated several key
transformations that will be deployed at scale during the
SOLEIL II construction phase. To support the ambitious
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overhaul of the information system, a scaled Agile ap-
proach is currently being organized, aiming to build SO-
LEIL II through a collaborative and iterative development
process.
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