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EBS DID NOT MAKE EXPERIMENTS BETTER. IT MADE NEW EXPERIMENTS POSSIBLE
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Signal-limited science

“We see what we can detect”

Physics-limited science

“We see what actually exists”

EBS
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WHAT CHANGED PHYSICALLY ?
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WHAT NEW SCIENCE BECAME POSSIBLE ?
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WHAT EBS ACTUALLY DELIVERED ?
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From hours to minutes

October 2018 April 2021

Problem 1 : Weak signal from deformed grains 

Problem 2 : Missing surrounding information

Solution 1: 100x faster using pink beam DFXM

Solution 2: 3DXRD + DFXM in same instrument

Novelty on ID03: 
Radically 

different way of  
studying 

annealing-related 
phenomena
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WHAT EBS ACTUALLY DELIVERED ?
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Before EBS: only simplified model (coin) cells 
could be studied!

Novelty on ID15A: Radically different dimensions - we 
now watch batteries fail, not infer why

PILATUS 3 (200 Hz)    vs      PILATUS 4 (4350 Hz) 
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WHAT EBS ACTUALLY DELIVERED ?
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EBS pushed powder diffraction  from peak detection into quantitative lattice physics!
(Higher brilliance + coherent beam + fast low-noise detectors)

Before EBS: weak peaks buried in noise

After EBS: better angular resolution, low/high-Q 
lattice distortions become measurable

Novelty on ID22: Radically different physics threshold - weak, 
distorted, more dynamic matter became measurable
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WHAT EBS ACTUALLY DELIVERED ?
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HMBA lattice

εx ~ 4000pm εx ~ 133pm
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FOUR NEW EXPERIMENTAL REGIMES
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REGIME 1: SEEING INSIDE MATERIALS - FROM AVERAGE MATERIALS TO EVERY SINGLE GRAIN
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REGIME 1: SEEING INSIDE MATERIALS - FROM AVERAGE MATERIALS TO EVERY SINGLE GRAIN
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Dark field x-ray microscopy on ID03

Tracking grain growth in real time - assessing intragranular microstructure and strain evolution within individual grains and 
near grain boundaries

 Boosting imaging capabilities by increasing the diffracted intensity keeping 100nm resolution
 pDFXM: a viable method for realtime, high-throughput studies of deformation microstructures, grain growth, 

and phase transformations in bulk crystalline materials
 ID03 with 27x more photon flux  at 60 keV allows for in situ, operando, and time resolved studies

In-situ observation of aluminum grain growth during isothermal annealing
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REGIME 1: SEEING INSIDE MATERIALS - FROM AVERAGE MATERIALS TO EVERY SINGLE GRAIN
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 First demonstration of Pink-Beam Dark Field X-ray Microscopy (pDFXM) published in 2025 by ERC grantee Can Yildirim
et al.  https://arxiv.org/abs/2503.05921

 Imaging of highly deformed and weakly diffracting crystals previously impossible to observe
 Tacking grain growth in real time, capturing intragranular lattice distortions as they develop, showing that recrystallized

grains keep evolving under mechanical forces (27x more photon flux  at 60 keV)
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https://arxiv.org/abs/2503.05921





EBS OPENS A NEW SPACE-TIME WINDOW: FASTER, SHARPER, WIDER 3D IMAGING IN MILLISECONDS
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REGIME 2: WHOLE HUMAN ORGANS

Alzheimer

Prostate disease

Heart / Kidney diseases

We crossed the biological size barrier: entire human organs at cellular resolution!
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REGIME 2: WHOLE HUMAN ORGANS

Cinematic Rendering, Siemens Healthineers
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REGIME 2: WHOLE HUMAN ORGANS
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REGIME 3: CHEMISTRY IN MOTION

High charge/discharge rates can create potentially dangerous temperature rises

 Internal temperatures (45-70°C): largely dictated by the electrical current, not by cell chemistry
 Internal stress is only related to SoC, not to charge/discharge rate; 
 ESRF-EBS: faster acquisitions at high energy (x40 gain photon flux at 100 keV) at ID15A

Cu 111NMC811 LixC6 Cu 220 Cu 311
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REGIME 3: CHEMISTRY IN MOTION

CO2 electrolyzers: CO2 reduction + value added chemicals and fuels

 Salt formation exacerbates the electrolyte flooding, causing a shift in CO2 reduction reactivity 
toward HER (salt precipitated as bicarbonates)

 ESRF-EBS: faster operando acquisitions at high energy (x30 gain photon flux at 68 keV) at ID31

Poor stability owing to cathode flooding → increase of HER (Hydrogen Evolution Reaction)

Cu Cu
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REGIME 3: CHEMISTRY IN MOTION

Imaging the strain evolution of a Pt nanoparticle under electrochemical control 

 Heterogeneous and potential dependent strain distribution → critical for chemisorption of 
adsorbates onto metals, and thus acceleration of the rate of (electro)catalytic reactions

 ESRF-EBS: higher coherence & photon flux at high energy (x28 gain at 33.4 keV) for BCDI at ID01

Surface strain → control the binding energies of adsorbates on active sites
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REGIME 4: THE WEAK BECOMES VISIBLE
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REGIME 4: THE WEAK BECOMES VISIBLE
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REGIME 4: THE WEAK BECOMES VISIBLE
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RIXS AS A PROBE TO DETECT QUANTUM ENTANGLEMENT: APS + ESRF
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KEY MILESTONES IN 30 + 2 YEARS OF ESRF’S HISTORY

ESRF convention 
signed

1988 1989

First Users 
Meeting

First electron beam in 
the storage ring

1992

First ESRF 
Highlights

1995

SR current:  200mA; 4000 pmrad 
B: 1020 ph/mm2/mrad2/0.1%bw

1996

Number of 
Beamlines: 40

1998

Nobel Prizes in Chemistry 
for ESRF Users: Ada Yonath
Venkatraman Ramakrishnan

(Ribosome) 

2009

Phase I Upgrade 
Programme (UP)

2012

Nobel Prize in Chemistry 
for ESRF User: Brian Kobilka

(G-protein–coupled receptors) 

The ESRF designs a 
revolutionary storage 

ring (H7BA Lattice)

Phase II UP: EBS project 
launched

20152017

Number of beamlines: 44
(CM01) 

2018

20-month 
EBS shutdown

2020 2024

Nobel Prizes in Chemistry for 
ESRF collaborators: 

David Baker & John Jumper 
(protein design)

Number of 
Beamlines: 45

2026

1994

User operations begin with 
15 beamlines

First ESRF News 
magazine

Horizontal emittance: 134 pmrad
B: 1022 ph/mm2/mrad2/0.1%bw

Coherent flux: x 30- x 40

2021

Remote 
experiments

Restart User 
operations with EBS

Shaping the future of the 
ESRF Science & Innovation Programme 

2026 - 2035
Nobel Prize in Chemistry for 
ESRF collaborator Omar Yaghi

 (for metal-organic–frameworks)
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LTSP 2027 – A LONG MATURATION PROCESS
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Conferences and workshops 
More than 30 events held at ESRF since 20221
Cross-cutting Reviews
Sustainable energy generation & storage technologies; Neuro-
degenerative diseases; High-Pressure Science; Catalysis & 
Industry; Cultural & Natural Heritage

2

Strategy Meetings
Autrans 2022 - 2025; Data & IT strategy; EXPD & ASD Focus (12 events)4

Beamline Reviews
18 ESRF & 9 CRG beamlines since 2022
Partnership for Structural Biology
Partnership for Soft Condensed Matter

3

A bottom-up approach founded on daily interactions with users on the beamline



WHAT DID THE EBS ALREADY ENABLE ?
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ESRF-EBS opened unprecedented scientific opportunities
The LTSP defines how we turn this into transformative science

Operando Experiments 
in Real Systems

Observe under realistic environments 
while systems work

Multiscale
Experiments
Connect structure and fonction across 
many length scales

Coherence  & 
Spatial Resolution
Reveal structure and dynamics with 
nano-to atomic detail

Capture processes from 
picoseconds to hours

Temporal Resolution

WHAT 4TH GENERATION 
BROUGHT TO THE FIELD

WHAT MAKES 
HIGH-ENERGY UNIQUE

Penetration
See deep inside real materials and 
devices

High Throughput
Statistics and large data sets

ENABLING DISCOVERIES THAT MATTER

Battery degradation 
in real time
See chemical changes in a 
battery as it cycles

Unlocking materials 
at the nanoscale
Capturing the hidden nanoscale 
dynamics that governs material 
performance in real time

Imaging neural 
system wiring
Deciphering how the brain works 
and controls function

Human Organ Atlas
3D imaging of entire human 
organs down to the micron level

Sensitivity
Detect small signals from dilute 
or buried elements & states



WHERE WE ARE AND WHERE THE LTSP WILL BRING US  
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With disruptive breakthrough expected in BIOLOGY and HEALTH, 
needed to cope with CLIMATE CHANGE and support the ENERGY TRANSITION, 

leveraged by GENERATIVE AND AGENTIC AI, with the QUANTUM REVOLUTION ahead of us

Continue innovating for the benefit on the entire community

1
SCIENCE IS 
ENTERING 
A NEW ERA

2
WHAT WE 
HAVE BUILT 
TOGETHER

3
KEY CHALLENGES 
TO PRESERVE
THE INVESTMENT

STRONG ACHIEVEMENTS AFTER ORANGE AND PURPLE BOOKS (330 M€ INVESTED IN 2 UPGRADE PHASES)

Outstanding EBS operation for 
6 years, producing massive 
volumes of  high-quality data

Full software ecosystem 
deployed from beamline control 

to data portals

Strategic partnerships, new 
community access modes and 
establishment of framework for

AI readiness

Ageing injector (40 yrs.)
Injector matching SR 

performance & ready for next 
steps

Beamline technology under 
stress by EBS and not AI-ready

AI-enabled beamlines

Inadequate IT infrastructure
IT infrastructure allowing full 

exploitation of EBS data 



FIVE SCIENTIFIC DIRECTIONS FOR THE NEXT DECADE
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ATLAS-SCALE 
BIOLOGY

From molecules to cells, tissues 
and organs: building 3D/4D 
atlases to decode biology and 
advance precision medicine

ENERGY TRANSITION 
& CLIMATE 
RESILIENCE

From fundamental understanding 
to solutions

AI-NATIVE SCIENCE

AI integrated across the entire discovery 
pipeline, from data acquisition and analysis to 
experiments and new scientific insight

QUANTUM & POST-
SILICON SYSTEMS

Understanding and engineering 
quantum materials and devices, 
defects, strain and interfaces for 
quantum technologies beyond 
CMOS computing

SPACE SCIENCE

Probing matter and extreme 
environments from the Solar 
System to the Universe, informing 
and benefiting all other directions

FIVE MAJOR SCIENTIFIC DIRECTIONS IDENTIFIED IN THE LTSP 
IN WHICH THE ESRF CAN PROVIDE BREAKTHROUGH AND UNIQUE OPPORTUNITIES

GRAND CHALLENGES SUPPORTED BY FUNDAMENTAL RESEARCH:
Life sciences and health, energy, catalysis and reaction pathways, advanced materials, quantum science and technology, environment

and food safety, earth and planetary science, cultural and natural heritage



TOWARDS THE NEXT DECADE
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ACCELERATORS BEAMLINES AND ENABLING 
TECHNOLOGIES

AI AND IT INFRASTRUCTURE

SHORT TERM:
• Solid State Amplifiers 
• Injector upgrade 4th harmonic 

cavity Non-linear kicker

COLD  

PREPARING THE FUTURE:

HTS IDs 

LONG TERM: full energy LINAC,
Next generation DLSR

SHORT TERM:
• Refurbishments: ID26, ID10-COH, 

ID11, ID12, ID13, Ind. tomography

New flagship 
BL ID18

PREPARING THE FUTURE:
• AI readiness programme
• New generation of beamlines

Beamline control and data 
collection

Data analysis, reconstruction, 
segmentation

Software engineering

Data analytics, knowledge 
production

AI REVOLUTION IMPACTS:

• New data center
• AI ready beamline
• Collaboration with AI-HPC 

centers



STRATEGIC OBJECTIVE – USER PROGRAMME
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From user access to a scientific ecosystem

MAXIMISE
SCIENTIFIC 

RETURN
not just demand

1 Lower barriers
Bring new communities 
into synchrotron X-ray methods.

2 Tailored support
Adapt support and services 
to different community needs.

3 Optimum conditions
Provide the best experimental 
conditions for frontier science.

4 Scientific ecosystem
ESRF as a collaborative eco-
system, not just a user facility.

Goal: maximise scientific impact in a collaborative framework



ACADEMIC ACCESS BEYOND STANDARD & LONG-TERM PROPOSALS
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ACADEMIC ACCESS BEYOND STANDARD & LONG-TERM PROPOSALS

STRATEGIC OBJECTIVES: 
Further development of community access projects and Open Data Portals
Deployment of AI tools for the beam time review & allocation process

(BAGs & HUBs) 

INDUSTRY & INNOVATION
A CHANGE OF PACE

Synchrotron X-ray methods: a 
predictable and reliable component 

of industrial R&D workflows
Strategy

 Strengthen links with RTOs, Technology 
Infrastructures, scientific service companies, 
and start-ups

 Develop data-driven innovation workflows

 Adopt artificial intelligence and machine 
learning in industrial R&D

Expected outcome

o A structured industrial R&D workflows.

o Accelerated development of advanced 
materials and technologies

o Increased technology transfer and industrial 
valorisation of ESRF developments



TOWARDS THE NEXT DECADE
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Facilities become increasingly 
part of ecosystems

AI is no longer simply a 
tool for analysing data 
after the experiment. 
It is becoming part of how 
experiments are designed 
steered and contribute to 
scientific discovery

Agentic AI may 
fundamentally change the 
relationship between 
instruments data and 
discovery.

THE INGREDIENTS OF SUCCESS:

1. FULLY EXPLOIT EBS
Maximise the scientific 
impact of EBS to deliver 
discoveries that address 
Europe and world’s 
challenges

2. CONTINUE INNOVATING
Invest in next-generation 
instrumentation, methods 
and digital infrastructures to 
stay at the frontier

3. PREPARE THE NEXT 
GENERATION

Develop talent, skills and partnerships 
to ensure a vibrant, diverse and 
sustainable scientific community

4.  BRING TOGETHER ANALYTICAL 
FACILITIES & IT CENTERS TO 
ENABLE AI-BASED DISCOVERIES

Develop AI ready databases



THANK YOU FOR YOUR ATTENTION

This is not ESRF success — this is the blueprint for next-generation rings!!
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