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• About LEAPS

• LEAPS-INNOV an example of EU project

• Digital-LEAPS the pilot LEAPS Internal project

–Overview of the LEAPS Integrated Platform as of today

• Conclusion and Outlooks
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Overview
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> 300 operating end stations

> 1.000.000 hours beamtime /year

> 5.000 publications/year

> 15 spin off companies

> 35.000 users from all of EU & beyond 

researchers from all research areas

19 synchrotrons and FELs - 16 institutions - 10 countries

LEAPS is the largest consortium of analytical facilities world-wide 
and further expanding its service to an interdisciplinary European 
user community

2

https://leaps-initiative.eu/about/leaps-documents/

https://leaps-initiative.eu/

https://leaps-initiative.eu/about/leaps-documents/
https://leaps-initiative.eu/
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3 Brussels, 13 November 2017



LE
AP

S 
 - 

W
G

2 
Ph

ot
on

 S
ou

rc
es

4

LEAPS Organisation
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Six key technology WPs
WP Outreach towards industry
WP Outreach towards user community 
Consortium   24 beneficiaries

all 16 LEAPS members  
3 SMEs 
3 technology partners
2 users

 55 European industrial partners 
Budget 10 million EUR from EU
  with additional own contribution of 
  8.3 million EUR
Timeline 4 years, started April, 2021
Coordinator DESY

5

beneficiaries

55 companies

LEAPS-INNOV
Open Innovation for accelerator-based light sources in Europe

Courtesy of Elke Ploenjes
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LEAPS-INNOV
Open Innovation for accelerator-based light sources in Europe

Work Packages

WP1 Project Management and Dissemination

WP2 XAFS-DET High throughput Germanium X-ray 
spectroscopy detector

WP3 SuperFlat Production of high-performance X-ray mirrors, 
including PCP

WP4 NeXtgrating e-beam lithography for soft X-ray gratings
WP5 POSIT New positioning and scanning systems for 

speed and accuracy
WP6 LIDs Novel insertion devices
WP7 DATA Data reduction and compression

WP8 INDUSTRY Industrial Innovation through Light Sources
WP9 CO-CREATION Innovation by Co-creation towards Global 

Challenges

6 Courtesy of Elke Ploenjes



LE
AP

S 
 - 

W
G

2 
Ph

ot
on

 S
ou

rc
es

7

STARS, Enhanced Remote Access for Users:
• Strive for standardized procedures on sample mail-in and remote user access across 

facilities.
• Provide extensive information on technology tools useful for remote access and digital 

sample handling.
HR4, Enhanced Digital Platforms for Networking & Training:
• Establish digital collaborative platforms like Innovation Mall for remote and hybrid training.
• Create a smart user network with a strong connection to industry using new tools 

developed by other pillars.
LIP, LEAPS Integrated Platform:
• Develop a digital interface system for accessing and autonomously operating facilities using 

AI, machine learning, and virtual diagnostics.
• Design photon instruments for remote access and standards for automated user beamlines.
• Exploit permanent magnets for next-generation diffraction-

limited storage rings.

Digital-LEAPS
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The Technology Platform 
shall enable digital twinning to make preparation, 
execution and analysis of the experiments more effective 
leading to higher success rates

DiTARI Proposal for 
HORIZON-INFRA-2021-TECH-01

10

 
 
Call: HORIZON-INFRA-2021-TECH-01-01   DiTARI project proposal; date: 22 September 2021  

 
Part B - Page 3 of 45 

execution to the analysis and publication phase (see Figure 1.1). Such experiments need careful and realistic planning 
employing specific material models. Virtual experiments allow optimal preparation of the physical experiments. 
During the physical experiment, real-time exchange and fusion between observed and simulated data allows 
adaptation of the model or experiment, supported by the latest high-performance computing and Artificial 
Intelligence (AI) methods. Real-time feedback is used to optimize the experimental conditions. While the preparatory 
phase uses digital modelling, the last two requirements require digital twinning with a bi-directional data exchange, 
partly automated, between digital model and physical instrument. During the analysis AI methods and advanced 
simulation and modelling techniques support the data interpretation.  
DiTARI will enable multidisciplinary research communities and together with the ARI experts to use a common 
standardized approach to identify and integrate the many thousands of sensors, actuators, as well as the physical 
processes required to describe the ARI experiments. The researchers will also provide their specific software (see 
Tab. 1.3) to be integrated into DiTARI modules (see Sec. 1.2.1 for definition). These modules form the core of the 
DiTARI platform and will be directly accessible by future researchers when they build their specific DiT. Typically, 
the research groups master the description of sample systems, the interaction of the probe with the sample, the data 
analysis procedures, and define the experimental protocol. The facility experts master the probe sources, the 
properties and propagation of the probe beams, the instrument geometries and the signal detection. Since it is essential 
to bring experts in the relevant techniques together, DiTARI employs a co-design approach. This open cooperative 
approach is fundamentally different from the use of digital twins in industry, where these usually reflect a single set 
of processes in a tightly confined configuration, are aimed at a single production process or product optimization and 
are managed by a single software provider. 
 

 
Figure 1.1: Digital modelling, shadowing and twinning5 and their application during the life-cycle of an experiment. DiTARI will address all 
of these instances in the DiTs describing this experiment. 
 

The project includes a challenge in that it aims to become applicable to a large variety of different ARI instruments 
and probe techniques, as well as an implementation of the DiTARI software eco-system across many different 
European ARI facilities. These include leading free-electron laser (FEL), synchrotron radiation (SR), neutron and 
electron microscopy (EM) facilities. The technological challenges are considerable, but we are convinced that 
with the extensive experience gained over the previous decade in developing solutions to cope with constantly 
evolving big data generating scientific experiments: such as real-time control systems; large-scale distributed data 
acquisition systems; and massively parallel analysis frameworks, the ARI facilities and their research communities 
have the necessary expertise to address these issues. The selected prototype applications will be demonstrated at TRL 
6 and 7. It is foreseen to provide and maintain the platform after finishing the project, and furthermore to offer the 
developed prototypes as a service to the users at ARI facilities.  
 

Major benefit: The DiTARI project addresses the current challenge of European research communities to perform 
ever more complex and innovative experiments in order to better understand and resolve societal and global 
problems. It does that by improving the use of the European ARI facilities and their extremely high-performance 
probe facilities. Thanks to the proposed DiTARI ecosystem, the entry threshold for groups less familiar with complex 
instrumentation and ARIs (50 to 100% depending on experience of the research group) and reduce the preparation 
time for new experiments. It contributes to an improved use of ARI Instruments by increasing the efficiency of 
experiments (order 30%) and increasing the number of experiments with early science success (doubling the rate of 
publications that are submitted within 6 months of the first experiment run). Complex experiments that cannot be 
performed today will become possible, generating new knowledge about systems relevant to societal challenges. At 
the same time, DiTARI will make the ARIs more productive and resilient in their operation. Table 1.1 shows a 
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Table 1.3: Examples of software available (in part provided by DiTARI partners) and considered for integration as DiTARI modules. 

Area Available 
software 

tool 

Application Location 

Source
and 

beams 
 

Genesis 1.3 
Ocelot 
pyAT  
OASYS 
WPG 

FEL code 
Multi-physics for Light Sources 
Beam Dynamics 
X-ray sources and transport, X-ray Optics 
Wave optics 

http://genesis.web.psi.ch/index.html 
https://github.com/ocelot-collab/ocelot 
https://github.com/atcollab  
https://oasys-kit.github.io/ 
https://wpg.readthedocs.io/en/latest 

Instru-
ments 

McStas 
 
SiMEX 
OASYS 
McXtrace 

Neutron transport, optics and sample 
interaction 
X-ray transport, X-ray optics, X-ray matter 
interaction 

www.mcstas.org 
 
simex.readthedocs.io/en/latest/ 
https://oasys-kit.github.io/ 
www.mctrace.org 

Sample
and 

sample 
environ
-ments 

DCT code 
 
 
 
 
 
Xraypac 
 
FEFF 
 
Quantum 
ESPRESSO 
LAMMPS 

Data processing pipeline for 
reconstruction of 3D crystal orientation 
maps from near field X-ray diffraction 
data. Includes modules for simulation of 
diffraction images from virtual sample 
microstructures. 
Simulation of dynamics of matter exposed 
to high-intensity X-rays 
X-ray absorption spectroscopy 
calculations 
Ab-initio molecular dynamics, X-ray 
absorption spectra calculations 
Classical molecular dynamics 

https://sourceforge.net/projects/dct/ 
 
 
 
 
 
https://www.desy.de/~xraypac/index.html 
 
http://monalisa.phys.washington.edu/feffp
roject-feff.html 
https://www.quantum-espresso.org 
 
https://www.lammps.org 

 

DiTARI Library thus will be a dynamic hub where interested parties find the most actual results within the DiTARI 
ecosystem. 
Interaction across WPs and tasks will be essential to ensure that the requirements for the platform and the individual 
DiTs will be met. This will be achieved by encouraging WPs members to maintain awareness of, and to provide input 
to, activities beyond those within their own WP. A supporting measure will be the establishment of a Co-Design 
Board including representatives from the Materials Science partners and the ARI facilities, ideally not directly 
involved in project tasks. This board shall meet at regular intervals and provides an exchange platform between the 
different participating communities to ensure that requirements, needs and wishes of both communities are 
communicated. Participation of the project coordinator ensures that these aspects are considered and implemented in 
the on-going WPs activities. Furthermore, the Co-Design Board shall disseminate information about community 
specific developments and address topics suitable to enhance collaboration between the partners. For dissemination 
and exploitation outside the project an DiTARI Advisory Board shall be established with experts both from science 
and technology domains. Meeting at half year intervals this board shall advise the DiTARI coordinator and steering 
and executive committees how to best use the DiTARI results, about possible scientific applications to integrate, and 
about technologies that could be exploited outside the project. 
 

1.2.5 Making the DiTARI platform sustainable and future-proof 
Developing and creating the DiTARI platform requires also that measures are taken to make the operation and 
exploitation of this platform sustainable. The DiTARI project already includes several actions to ensure that this goal 
is met. The most important element here is to design and implement the platform in a way that ARI partners and their 
large scientific research communities have a genuine interest to continue applying and supporting the DiTARI eco-
system beyond the lifetime of the DiTARI project. This is clearly possible if the eco-system provides an added-value 
to them. We are convinced that the digital twinning platform proposed here provides the functionality and flexibility 
to become a standard amongst the participating facilities and their networks, with the potential that further research 
infrastructures might adopt the system, and that financial sustainability therefore is not an issue (see as well Sec. 
2.2.1). The measures to support this ambition are extensive dissemination of DiTARI functionalities and its DiT 
examples, first amongst the networks of the partners in Europe and world-wide, and later to scientific communities 
not previously involved, thereby broadening the applicability of DiTARI. An important tool here will be the DiTARI 
Library which will provide access not only to documentation about the DiTARI ecosystem and its results, but in 
particular will enable an exchange between DiTARI developers, experienced researchers and newcomers. It will 
further provide access to already functional DiTs and the software modules used to assemble these DiTs, and thereby 

DiTARI Proposal DiTARI Modules
just a starting point

11
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DiT for experiment EXP

Physical instrumentation

DiTARI Platform

Source
modules

Beam
modules

Instrument
modules

Sample
modules

Detector
modules

Perform 
virtual experiments

AI methods /
ML tools

integration

Interface to 
EOSC services

• Definitions
• Interfaces
• Data formats

DiTARI Library
• DiT Examples
• Modules
• Documentation

Contribution of existing
tools & know-how

EOSC
• Cloud computing
• Access to DiTARI 

as a service

Operate facilities/instruments and perform experiments
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DiTARI Proposal
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• About LEAPS

• LEAPS-INNOV an example of EU project

• Digital-LEAPS the pilot LEAPS Internal project

–Overview of the LEAPS Integrated Platform as of today

• Conclusion and Outlooks

13

Overview
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Collaboration, PerMaLIC - F. Perez, ALBA
The main goal is to help the transition of our 
SR based facilities to low consumption DLSR. 
Organization of annual face to face workshop 
and virtual seminars every two months. 
Research topics:
• Tunability
• Radiation damage
• Temperature stability
• M-Measurements of small aperture 

magnets
• Recycling / Reusing *

*PM Market was USD 20 billion in 2015 expected to grow up to 50 billion in 2024, Report ID: 
GMI1113, Jan 2017 

Courtesy of ESRF

14

PerMaLIC
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Collaboration, PerMaLIC - F. Perez, ALBA
• Kick-off meeting / workshop May 31st 2021 

https://indico.cells.es/event/623/

• https://indico.cells.es/event/1229/

• LAST Workshop (with iFAST) on Nov 14th-15th  
2023, Trieste, 
https://indico.cells.es/event/1373/

Courtesy of ESRF

15

PerMaLIC

https://indico.cells.es/event/623/
https://indico.cells.es/event/1229/
https://indico.cells.es/event/1373/
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Collaboration, PerMaLIC - F. Perez, ALBA
• Kick-off meeting / workshop May 31st 2021 

https://indico.cells.es/event/623/

• https://indico.cells.es/event/1229/

• LAST Workshop (with iFAST) on Nov 14th-15th  
2023, Trieste, 
https://indico.cells.es/event/1373/

Courtesy of ESRF

16

PerMaLIC

https://indico.cells.es/event/623/
https://indico.cells.es/event/1229/
https://indico.cells.es/event/1373/
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Harmonic Cavities in Fourth and Future Generation 
Rings
● Harmonic Cavities are even more relevant in fourth and future generation 

storage rings
● Long bunches will be a key ingredient to achieve the ultimate goal of 

diffraction limited sources.

Harmonic Cavity System design study for ESRF-EBS Harmonic Cavity in operation at MAX IV

A. D’Elia, J. Jacob and V. Serrière – ESRF. 
ESLS-RF Nov 2021

• Main topics of the collaboration:
– Beam dynamics simulation tools for stretched 

bunches
– Bunch-by-bunch feedback challenges for 

stretched bunches
– Harmonic systems for extremely long bunches
– Experimental Characterization of stretched 

bunches and stretched bunch stability
– Intra-beam scattering for non-Gaussian 

bunches – theory and experiment.
– Transient beam loading in harmonic systems

WP3.2 Harmonic Cavities LEAPS Internal Project
• HCs are used since many years in third generation 

sources to lengthen the electron bunches in order to
– Improve the beam lifetime
– Improve stability

HarmonLIP

Harmonic Cavities in Fourth and Future Generation 
Rings
● Harmonic Cavities are even more relevant in fourth and future generation 

storage rings
● Long bunches will be a key ingredient to achieve the ultimate goal of 

diffraction limited sources.

Harmonic Cavity System design study for ESRF-EBS Harmonic Cavity in operation at MAX IV

A. D’Elia, J. Jacob and V. Serrière – ESRF. 
ESLS-RF Nov 2021

Harmonic Cavities in Fourth and Future Generation 
Rings
● Harmonic Cavities are even more relevant in fourth and future generation 

storage rings
● Long bunches will be a key ingredient to achieve the ultimate goal of 

diffraction limited sources.

Harmonic Cavity System design study for ESRF-EBS Harmonic Cavity in operation at MAX IV

A. D’Elia, J. Jacob and V. Serrière – ESRF. 
ESLS-RF Nov 2021
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HarmonLIP

18

WP3.2 Harmonic Cavities LEAPS Internal Project – P. Tavares, MAX IV
– Kick-off meeting / workshop @MAX IV on Oct 10th-12th  2022, Lund 

https://indico.maxiv.lu.se/event/5098/

– Workshop @ESRF on March 19th-20th 2024, Grenoble: 
https://indico.esrf.fr/event/122/

https://indico.maxiv.lu.se/event/5098/
https://indico.esrf.fr/event/122/
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HarmonLIP
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WP3.2 Harmonic Cavities LEAPS Internal Project – P. Tavares, MAX IV
– Kick-off meeting / workshop @MAX IV on Oct 10th-12th  2022, Lund 

https://indico.maxiv.lu.se/event/5098/

– Workshop @ESRF on March 19th-20th 2024, Grenoble: 
https://indico.esrf.fr/event/122/

https://indico.maxiv.lu.se/event/5098/
https://indico.esrf.fr/event/122/
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WP3.3 Androids for Remote Access
• As androids can access parts of the 

facility normally forbidden to people 
due, e.g., to radiation hazards in 
accelerator bunkers, they can 
become the eyes and the hands of a 
human operator

• Assessment of a commercially 
available androids within the 
accelerator environment

• The performance of androids should 
be compared to less advanced 
robots

Androids for Remote Access
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WP3.3 Androids for Remote Access
• As androids can access parts of the 

facility normally forbidden to people 
due, e.g., to radiation hazards in 
accelerator bunkers, they can 
become the eyes and the hands of a 
human operator

• Assessment of a commercially 
available androids within the 
accelerator environment

• The performance of androids should 
be compared to less advanced 
robots

Androids for Remote Access

MARWIN @ EUXFEL

21
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WP3.3 Androids for Remote Access
• As androids can access parts of the 

facility normally forbidden to people 
due, e.g., to radiation hazards in 
accelerator bunkers, they can 
become the eyes and the hands of a 
human operator

• Assessment of a commercially 
available androids within the 
accelerator environment

• The performance of androids should 
be compared to less advanced 
robots

Androids for Remote Access

22

M. Di Castro, Robotic Solutions for Remote Maintenance and Quality Assurance

Nr. of Interventions since 2014 Nr. of tasks 
performed

Robot operation time in harsh 
environment [h]

150 ~500 ~ 500

Robotics Interventions

Continuing developing best practice for equipment design and robotic intervention 
procedures and tools including recovery scenarios

Remote maintenance test facility (b927)

54
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• Androids for Remote Access (ARA) - R. Wanzenberg, DESY
– Kick-off meeting / workshop @CERN on May 23rd-24th 2023, 

https://indico.psi.ch/event/14358/

– MoU in preparation between DESY & CERN (to be extended to LEAPS)

Di
gi

ta
l L

EA
PS

6 May 23rd, 2023 

Androids for Remote Access

23

https://indico.psi.ch/event/14358/
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Longitudinal Electron
beam Dynamics (LEDs) 

WP3.4 S.Di Mitri, HZDR-Elettra

– Kick-off meeting / workshop @ENEA on Oct 
3rd-5th 2023, Frascati 
https://indico.elettra.eu/event/29/

“The workshop aims at collecting the most recent 
advancements in the controlled generation of 
high brightness electron beams from photo-
injectors for coherent light sources. Open routes 
of research in the manipulation of modulated 
electron beams will be investigated. Future 
experiments, supported by specific technological 
developments, and their comparison with 
accurate massive simulations, will be proposed 
and discussed.”24

https://indico.elettra.eu/event/29/
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Longitudinal Electron
beam Dynamics (LEDs) 

WP3.4 S.Di Mitri, HZDR-Elettra

– The workshop will run from September 
17th to 19th in Bern, Switzerland, and 
will be a talk by invitation-only, in-
person event:
https://indico.psi.ch/event/15973/ 

25

“The workshop aims to collect the most 
recent advancements in high brightness 
electron sources: this year's event will 
focus particularly on scattering, 
instabilities, and other collective effects 
that impact brightness in FELs and storage 
rings.”

https://indico.psi.ch/event/15973/
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WP3.5 Virtual Diagnostic (VD) - C. Arrell, PSI 

– kick-off meeting @DESY on Sep 28th-29th 2023, Hamburg

Virtual (Longitudinal) Diagnostic

P. Dijkstal on behalf of the collaboration on virtual longitudinal diagnostics between PSI, DESY, and European XFEL

Current state of measurement analysis

Page 8

● Iterative algorithms from P. Dijkstal et al., Phys. Rev. Res. 4, 013017 (2022) are used at both facilities to measure the 

electron beam LPS and the FEL power profile and pulse duration, with good success.

● But these algorithms are certainly not perfect. Instead of incremental progress through more tinkering, I would prefer the 

development of a fresh analysis approach employing ML methods.

Current profile measurement FEL power profile measurement

Courtesy of P.Dijkstal, PSI26
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Virtual (Longitudinal) Diagnostic

Page 4P. Dijkstal on behalf of the collaboration on virtual longitudinal diagnostics between PSI, DESY, and European XFEL

The participants

Next slide: Example for an already existing application of ML methods for virtual diagnostics at EuXFEL. 

(Christopher Arrell took the photo.)

27

WP3.5 Virtual Diagnostic (VD) - C. Arrell, PSI 

– kick-off meeting @DESY on Sep 28th-29th 2023, Hamburg
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WP3.6 The Fully Automated Beamline

• A technical blueprint of a fully automated beamline 
will be developed

• A series of workshops will be organised inviting LEAPS 
experts from different working groups

• Focus on automation and fault tolerance of repetitive 
tasks like:
– beamline alignment, focus, sample alignment, fault 

tolerance, maintaining safe operation
– detector calibration, software configuration, parameter 

selection

The Fully Automated Beamline

28
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The Fully Automated Beamline (FAB) – L.Pithan, DESY

– Kick-off meeting (Zoom) on March 27th 2023

– The leadership of this WP is now shared with individuals responsible for 
the ROCK-IT project: https://www.rock-it-project.de

– with the aim to establish a broader, international platform for this 
endeavour with ROCK-IT as seed.

The Fully Automated Beamline

29

https://www.rock-it-project.de/
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The python digital twin would provide a long term solution in 
an open source license free environment:

• Simplified collaborative development,

• integrate modern CI/CD approach

• Clean and simple installation
procedure

• Easy to interface with others recent developments using 
modern techniques such as advanced correction algorithms 
(pySC) or AI/ML optimizers (Badger/Xopt) and HPC 
implementation of pyAT (MPI/GPU)

• Clear automatically generated documentation

• Works for any accelerator (ring, linac, transfer lines) and 
control systems

30

Py-DiT

Courtesy of Simon White, ESRF 

Accelerator Middle 
Layer Workshop 
JUNE 19-21 2024, DESY Hamburg (DE) 

Programme:

Future software for light source 
operation 

Correction and steering algorithms

Software frameworks

and more…

Scientific Programme 
Committee:

Ilya Agapov (DESY)
Martin Gaughran (Diamond)
Simone Liuzzo (ESRF)
Laurent Nadolski (Soleil)
Yoshiteru Hidaka (BNL)
Xiaobiao Huang (SLAC)
Simon White (ESRF)

Event info and registration https://indico.desy.de/event/43233

Local Organizing 
Committee:

Cristopher Cortes (DESY)
Silja Natalie Fischer (DESY)
Joachim Keil (DESY)
Lukas Malina (DESY)
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SUMMARY
1. Permanent Magnet LEAPS Internal Collaboration (PerMaLIC) - F. Perez, ALBA

https://indico.cells.es/event/623/ https://indico.cells.es/event/1229/ https://indico.cells.es/event/1373/

2. Harmonic Cavities LEAPS Internal Project (HarmonLIP) - P. Tavarez, MAXIV
https://indico.maxiv.lu.se/event/5098/ https://indico.esrf.fr/event/122/

3. Androids for Remote Access (ARA) - R. Wanzenberg, DESY
https://indico.psi.ch/event/14358/

4. Longitudinal Electron Dynamics (LEDs) - S.Di Mitri, HZDR-Elettra
https://indico.elettra.eu/event/29/ https://indico.psi.ch/event/15973/

5. Virtual Diagnostic (VD) - C. Arrell, PSI-EUXFEL
https://drive.switch.ch/index.php/s/uGU8u4OumtKhpgT

6. The Fully Automated Beamline (FAB) - L. Pithan, DESY
https://www.rock-it-project.de

7. Python Accelerator Digital Twin (Py-DiT) - S. M. Liuzzo, ESRF
https://indico.desy.de/event/43233/
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SUMMARY
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https://indico.elettra.eu/event/29/ https://indico.psi.ch/event/15973/

5. Virtual Diagnostic (VD) - C. Arrell, PSI-EUXFEL
https://drive.switch.ch/index.php/s/uGU8u4OumtKhpgT

6. The Fully Automated Beamline (FAB) - L. Pithan, DESY
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Conclusion and outlook
• LEAPS is a strategic consortium created in 2017 by our directors, “whose primary goal is to 

actively and constructively promote and ensure the quality and impact of fundamental, 
applied and industrial research carried out at their facilities.”

• LEAPS supports applications to EU calls:
– directly as it is the case for LEAPS-INNOV and OptiBEAM and

– indirectly, as for DiTARI, EU-MAHTS etc.

• LEAPS promotes internal projects and Digital-LEAPS is its pilot

• After 8 years from its foundation, LEAPS will transform in 2025 into an AISBL:
(Association Internationale Sans But Lucratif)
– to Increase its visibility in Brussels

– to establish a new and more effective way to finance R&D via a BLOCK-GRANT

• LEAPS organises conferences:
– LEAPS meets Quantum Technology (ELBA, 2022)

– LEAPS meets Life Science (ELBA, 2023)

– NEXT about “Advanced Materials for Energy” (Gdańsk, Poland, 2025)
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