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HISTORY OF THE ESRF: 13 YEARS PRE-HISTORY AND 28 YEARS OF OPERATION
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DRIVING INNOVATION AND ECONOMIC GROWTH

ESRF impact – facts and figures – industry use and procurement
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Second Hand 
Equipment Sales

0.0%

Technology Licences
0.2%

Services
0.4%

Matter at Extremes
2.2%

Electronic Structure, 
Magnetism & Dynamics

4.2%
Complex Systems & 

Biomedical Sciences
4.6%

X-Ray Nanoprobe
6.1%

Structure of Materials
22.9%

Manufacture and Sale 
of Instrumentation

27.9%

Structural Biology

31.6%



ESRF-EBS
Extremely Brilliant Source
(2015-2023) - 150 M€ 

• A new generation of 
synchrotron storage ring

• Four new EBS beamlines

• Detector and instrumentation

• Data Analysis as a Service

ESRF UPGRADE PROGRAMME PHASE I (2009-2015) & PHASE II (2015-2023) – EBS 

Purple Book
January 2008

Orange Book
January 2015

ESRF UPGRADE PHASE I
(2009-2015) - 180 M€ :

• 19 upgraded or deeply 
refurbished beamlines 

• Upgrade and renewal of 
facilities and support labs

• Study  for a  new storage ring

2009 2015
2023
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ESRF-EBS – MINIMISING INVESTMENT & OPERATION COSTS
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90% existing infrastructure re-used ~20% reduction in power consumption

zoom meetings

Home office

Drastically reduced travel for users (& staff)
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ESRF: 2021 OPERATION FIGURES



ESRF-EBS IMPACT ON THE EXPERIMENTAL PROGRAMME

HMBA lattice
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✓ Multiscale (mm →m → nm)

✓ Pump probe experiments

✓ Time resolution

✓ Conditions: extreme (T,P), in-situ, operando

✓ Better capabilities: energy resolution, sensitivity, 

throughput, selectivity..

✓ Machine learning algorithms…

× 30 Trans. Coherence × 100 Brilliance ÷ 100 Hor. Emittance



ESRF-EBS, AN EXTREMELY BRILLIANT SOURCE TO TACKLE GLOBAL CHALLENGES

1. Health, Health Innovation, overcoming 
diseases and pandemics

2. Material for tomorrow, and innovative 
and sustainable industry

3. Clean Energy transition, sustainable 
energy storage and clean hydrogen 
technologies 

4. Planetary research (terrestrial and extra-
terrestrial)

5. Environmental and climatic challenges
6. Bio-based economy and food security
7. Humanity and world cultural heritage



EBS SCIENCE



BATTERIES RESEARCH 

Page 11

Goals of future battery R & D

▪ higher energy density (longer range) 

▪ higher power density (fast charge/discharge)

▪ longer cycles 

▪ lower costs

▪ greater safety

Global battery demand 

by application (GWh)

https://battery2030.eu/research/roadmap/

Adapted from: J. Electrochem. Soc. 167, 140530 (2020)

Full-

cell

Electrode-

assembly

Electrode 

Coating  

Electrode 

Particles 

Defects

SEI

Battery 

pack

Batteries are multi length-scale objects → analytical Research Infrastructures play a crucial role
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Courtesy of M.di Michiel



INVESTIGATION OF COMMERCIAL LITHIUM-ION BATTERIES BY X-RAY HOLOGRAPHIC NANOTOMOGRAPHY

X-ray Holographic Nanotomography on ID16A

Open gaps in understanding
• Commercial cathode stability

• Cathode degradation

• Cathode crack detection and effect of particle density on damage

• Cathode stabilization with additive engineering
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Courtesy of P. Cloetens



INVESTIGATION OF COMMERCIAL LITHIUM-ION BATTERIES BY X-RAY HOLOGRAPHIC NANOTOMOGRAPHY

T. Fu, Y. Liu, et al., Advanced Functional Materials (2022)

Cathode crack detection: Particle density plays a role on the damaging which varies as a function of electrode depth

G. Zan, Y. Liu, et al., Journal of Material Chemistry A (2021)

Cathode stability: Link between the cathode electrode delamination and the degree of pulverization of the active material
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THERMOMECHANICAL PROCESSING OF HEAVILY DEFORMED IRON ALLOY 
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Detailed quantitative insight in the dynamics of recrystallisation and grain growth during annealing 

Fe-3%Si -0.1%Sn alloy

Annealing at 610 ºC for 24 minutes

Dark field X-ray Microscopy on ID06 (future ID03) 

Spatial resolution: 100 nm
Angular resolution: 0.1 mrad
Strain resolution: 10-4 d/d
Temporal resolution: Sec – mins

Significant industrial importance because these processes strongly influence the 

microstructure & texture, hence the properties of materials.

C. Yildirim et al, Scripta Materialia; IOP Conf. Ser.: Mater. Sci. Eng. (2022)



ID27 - IN SITU SYNTHESIS OF ULTRAHARD CARBON NITRIDES IN THE LASER HEATED DAC
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Prediction of New Super-Hard C3N4 Solids 

A.Y. Liu & M.L. Cohen, Science, 245, 841 (1989)

Laniel et al. arXiv, under review at Nature, (2022) 

Single crystals: Four new C-N compounds discovered

First demonstrated recoverability of solids produced above 100 GPa

Bulk modulus and calculated hardness very close to diamond [K0=420 GPa/ 

H=69 GPa] and much larger than c-BN

Courtesy of M. Mezouar

33 years and more than 6000 publications later

Tetracyanoethylene (TCNE, C6N4) in N2 samples 

Compressed in a DAC & 

laser-heated at T>2500 K



CHEMICAL COMPOSITION AND PROCESSES OF EARTH’S INTERIOR
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Courtesy of A. Bosak, S. Chumakov, Ch. Sahle

A. Dewaele et al, submitted

Sound velocities in single crystal of e-Fe

Explanation of 3-4% seismic anisotropy in the core

Partitioning of C between the core and the mantle

Better understanding of the deep carbon cycle

3D seismic tomography

Abundance of light elements

at extreme conditions

Tetracarbonate formation at lower mantle pressures

V. Cerantola et al, submitted

K2Mg(CO3)2



Cd IN CACAO BEANS: KEEPING CHOCOLATE SAFE
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Ecuador

New EU and CODEX legal limit (2019):
0.8 mg kg-1 Cd in dark chocolate (50% cacao)

0.1 mg kg-1 in milk chocolate (30% cacao)

Use of 2 cultivars

• Contamana (high Cd)

• Trinitario (low Cd)

µXRF

µXRF at ID21

✓ Cryo-analysis

✓ Elemental + chemical information

✓ Resolution (EBS) 0.7x0.4µm2 step size 1 µm

✓ Acquisition time:
Before EBS EBS + new XRF 

detectors

13.3 h 20 min

Cd Sr P

100µm

Cd in CaC2O4crystals

Courtesy of H. Michel-Castillo



INAUGURATION OF BM18
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BM18: HIERARCHICAL PHASE-CONTRAST TOMOGRAPHY

Biomedical imaging

• A new scale in 
human body 
knowledge

• Understanding 
effects of diseases

Geology

• origin of 
earthquakes

• Mechanisms of 
volcanoes

• Climate change

Natural and cultural heritage

Material sciences

• Non-destructive control 
of large devices 
(batteries, complex 
mechanical parts)

• Additive manufacturing 
(in-situ and ex-situ)

Industrial applications

• Testing high-value 
objects

• Analysis of 3D structures 
of industrial products

• Industrial processes

• understanding the 
evolution of life on earth

• Non-invasive structural 
study of archaeological 
specimens and art pieces

High sensitivity phase-
contrast tomography in 

large and complex 
samples

Image
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HIERARCHICAL IMAGING OF COMPLETE HUMAN ORGANS
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• excessive blood clotting

• massive blood vessel damage

• “Shunting mechanism” between two vascular systems: the one that oxygenates the blood and 

the one that feeds the lung tissue itself (intussusceptive neoangiogenesis)



HIERARCHICAL IMAGING OF COMPLETE HUMAN ORGANS
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HIERARCHICAL IMAGING OF COMPLETE HUMAN ORGANS
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UCL-ESRF HUMAN ORGAN ATLAS PROJECT

An open access database, 
developed as part of the 
EU PaNOSC project.

Published online on 4/11/2021
https://human-organ-atlas.esrf.eu/

The Human Organ Atlas uses  
Hierarchical Phase-Contrast  
Tomography to span a previously  
poorly explored scale in the 
understanding of human 
anatomy,  the micron to whole 
intact organ  scale.

The Human 

Organ Atlas
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HIERARCHICAL STRUCTURE OF MUSCLE
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Much smaller specimen, applying physiological protocols, 

addressing clinically relevant questions, etc. 

1. generation SR

2. generation SR

3. generation SR

4. generation SR

Close the current knowledge gap in cardiac muscle regulation

Gain deeper insights into the molecular basis of cardiomyopathies



STREAMLINE - SUSTAINABLE RESEARCH AT MICRO AND NANO X-RAY BEAMLINES
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This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 870313.

H2020 project aiming for sustainable scientific exploitation of the ESRF-EBS

• New services (user access, data)

• Enhanced capacity

• Modernisation of tools

• Outreach to new communities

• New source

• Brighter X-ray beams

• New beamlines

• New infrastructure

New science
Increase socio-economic impact

with a reduced environmental footprint
Increased sustainability 

Duration: November 2019 – May 2024; Funding: 5 M€; https://streamline.esrf.fr/
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https://streamline.esrf.fr/


NEW ACCESS MODES: PILOT PROJECTS
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Historical Materials  BAG Shock BAG Battery HUB



HIGH THROUGHPUT POWDER DIFFRACTION SERVICE AT ID31
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First prototype, tests with different acquisition times (here <1s)

Johannes Frey, Sample Environment Support

Service in place Jan 2023

- time to change Sample holder: ~2s

- time to change sample & read QR-code 

with sample descriptor: 0.095s

- measuring time: 1s

- shaker for better powder averaging

- max. capacity 66 sample holders = 1056 

samples

- measurement time for 1056 samples: 

~22 minutes 



PROGRESS ON NEW / REFURBISHED BEAMLINE CONSTRUCTIONS (2021 – 2025)
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2021 2025

ID24-ED: Facility for 
dynamic compression 
studies Construction 
finished

ID27: High flux nano-
XRD beamline for 
extreme conditions. 
Refurbishment 
finished

EBSL1 (ID18): 
Beamline for 
Coherence 
Applications
finished

EBSL2 (ID03):
Beamline for Hard X-
Ray Microscopy  
Construction in 
progress 2024

ID18 (move to ID14): 
Nuclear Resonant 
Scattering 
Construction in 
progress 2024ID21: X-ray 

Microscopy beamline 
Nearly finished

ID24-DCM: High brilliance XAS 
beamline (XAS/XES) 
Construction in progress 2022

EBSL8 (ID29) : (Time-
resolved) Serial 
Crystallography Beamline 
Nearly finished 2022

EBSL3 (BM18): High 
throughput large field phase-
contrast tomography 
beamline Nearly finished 2022

2022 2023 2024

ID26: XES beamline 
DCM finished



CONCLUSIONS & TAKE-HOME MESSAGES
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LEAPS collaborations 2015 - 2021

PUMA (Publication and User experiment Metadata Analyser); courtesy R. Duyme



CONCLUSIONS & TAKE-HOME MESSAGES
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(European) Research Infrastructures 

are a key element for co-innovation 

We need a global joint effort for a 

world facing Societal Challenges at a 

planetary scale.

Co-innovation

We all make the best fishing gear and then each 

one decides what to fish…

Inspired by Sergio Bertolucci & the ATTRACT vision



ESRF – PIONEERING SYNCHROTRON SCIENCE
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THANK YOU FOR YOUR ATTENTION


