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SYNCHROTRON LIGHT SOURCES AS A DRIVER FOR SCIENCE AND PROGRESS

ADDRESSING CRITICAL GLOBAL CHALLENGES IN AREAS SUCH AS HEALTH,
ENVIRONMENT, ENERGY, FOOD SECURITY

IN CONDENSED AND LIVING MATTER, SCIENTIFIC RESEARCH LINKING
FUNCTIONS AND PROPERTIES TO THE STRUCTURE OF ATOMS
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- INVESTIGATING MATTER

Atoms — Molecules — Condensed Matter
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SYNCHROTRON LIGHT: THE POWER OF X-RAYS

THE ELECTROMAGNETIC SPECTRUM
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- X-RAYS: DISCOVERY IN 1895 BY W.C RONTGEN

X-rays ... some kind of unknown particles without mass and charge

Wilhelm Conrad Rontgen (1845-1923) The first "réontgenogram"
First Nobel Prize for Physics, 1901 8 November 1895
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- X-RAYS: DISCOVERY IN 1895 BY W.C RONTGEN

(1895) RONTGEN’S EXPERIMENT

after W.C. Rontgen
Uber eine neue Art von Strahlen.
Phys.-Med. Ges., Wirzburg, 137, (1895)
English translation in Nature 53, 274, (1896)

On a new kind of Rays

“... A piece of sheet of aluminium, 15 mm thick, still allowed the X-rays (as | will call the rays, for sake of brevity) to pass ...”
“... Detection of interference phenomena has been tried without success, perhaps only because of their feeble intensity...”
“... The refractive index ... cannot be more than 1.05 at most ... X-rays cannot be concentrated by lenses ...”

“... Photographic plates and film are susceptible to X-rays, providing a valuable means of recording the effects ...”

name, penetration, non-destructiveness, intensity, coherence, optics, detectors

--------
LA
------
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- X-RAY SOURCE

Low Electric Potential High Electric Potential

Vacuum Tube 0 kVp 100 kVp

Cathode

| 100 keV 0 keV
Kinetic Energy
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X-RAY SCIENCE: A LONG SUCCESS STORY WHICH STARTED IN 1895

Wilhelm Conrad Rontgen (1845-1923) Max von Laue (1879-1960)
' T = 4
t ] - ey - |

1947: First observation of synchrotron
radiation at General Electric (USA).

..followed by decades of parasitic use of
Synchrotron radiation on high-energy machines
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X-RAY SOURCES: TUBES AND SYNCHROTRON LIGHT

Conventional X-ray Sources and
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- SYNCHROTRON X-RAY SCIENCE AND APPLICATIONS

Fundamental, applied and industrial research on atoms structure and dynamics

Understanding new materials, and functioning of life-related processes
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X-RAY SCIENCE : 14 NOBEL PRIZES IN PHYSICS, 12 IN CHEMISTRY AND 1 IN PHYSIOLOGY AND MEDICINE

The Spectacular Success of X-ray Science

X-ray Science: Imaging, Scattering, Diffraction, Spectroscopy

Era of Crystals

1900 . :
Structure-function-relations

Phase diagrams
Large unit cell crystals
Protein crystallography
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2000

2019

Coherent X-ray Sources
25 Nobel prizes in Physics (14), Chemistry (12) and Medicine and Physiology (1) since the first one in 1901

Era of Complexity

Bio- and nano-technologies
Highly correlated systems
Non-equilibrium matter

(COURTESY H. DOSCH) 4%
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SYNCHROTRON SOURCES SINCE THE 70s MADE THE DIFFERENCE IN X-RAY SCIENCE

MODERN THIRD GENERATION SYNCHROTRONS WORLDWIDE:
CONSTRUCTED ON THE SUCCESS OF THE ESRF

O

SYNCHROTRON FACILITIES
SERVE NOWADAYS ~50 000
USERS WORLDWIDE:
THE LARGEST SCIENTIFIC
COMMUNITY IN THE WORLD
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ESRF’s core missions

» Develop, construct and operate state-of-
the-art X-RAY SYNCHROTRON instruments
and BIG-DATA IT INFRASTRUCTURE to the
benefit of the scientific communities of
the Member and Associate countries

*' » Serve the international community TO
ADVANCE KNOWLEDGE AND TO ADDRESS
GLOBAL SOCIETAL CHALLENGES

| » Support INDUSTRIAL RESEARCH in
Y ,,_/' - Member and Associate countries to
7/ «~ strengthen Europe’s competiveness

- » Train the NEXT GENERATION OF
SCIENTISTS, ENGINEERS AND TECHNICAL

STAFF

4

Access based on scientific excellence
12 Beam time allocation panels made of

international experts in charge of peer-reviewing
proposals for 46 beamlines
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- A POWERHOUSE OF INTERNATIONAL COLLABORATION:1994-2022

ESRF User community since 2010: 74 000 users from more than 60 countries
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- THIRD GENERATION SYNCHROTRON SOURCES & SOCIETAL CHALLENGES

Synchrotron X-ray Science in the world and its growing User community

.N e E".‘d Health and Energy and
innovative . g 7

- life science environment
materials
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FUNDAMENTAL AND APPLIED SCIENCE WITH X-RAYS:
UNDERSTANDING COMPLEXITY IN CONDENSED AND LIVING MATTER
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ESRF-EXTREMELY BRILLIANT SOURCE: A NEW STANDARD FOR SYNCHROTRON LIGHT SOURCES
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ESRF UPGRADE: ON THE ESFRI _ -

ESFRI RE=

ROADMAP SINCE ITS INCEPTION
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ESRF UPGRADE PROGRAMME PHASE I (2009-2015) & PHASE 11 (2015-2023) — EBS

M Orange Book

Purple Book _
January 2015

January 2008

ESRF-EBS

ESRF UPGRADE PHASE |
Extremely Brilliant Source

(2009-2015) - 180 M€ :
(2015-2023) - 150 M€
e 19 upgraded or deeply

. . ° i
refurbished beamlines L, A new generation of .
o, g synchrotron storage ring

i

e Upgrade and renewal of e .
facilities and support labs ESFRI Comemission * Four new EBS beamlines

« Study fora new storage ring » Detector and instrumentation

e Data Analysis as a Service

2009 2015
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- ESRF UPGRADE PROGRAMME —THE QUEST FOR INCREASED BRILLIANCE AND COHERENCE

3rd generation — H/V ~ 1000 4th generation— H/V ~ 1

e —

-8 -6 -4 -2 4] 2 4 5] 8 -2 0] 2
=107

w107t

Synchrotron X-ray brilliance and coherence to the benefit of science

The objectives of the ESRF-EBS project:

» Decrease the storage ring horizontal emittance - HMBA CONCEPT

(a factor ~40 better than 3" SR generation)
» Increase the source brilliance (a factor ~ 100)
» Increase the coherence of the beam (a factor ~40)
» Re-use the existing infrastructure (90%)
» Minimise the impact on the ESRF activity (dark-brown time)
» Reduce environmental impact — reduce electrical power consumption by ~20%

--------
LA
------
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ESRF-EBS LATTICE VS. PREVIOUS ESRF-DBA LATTICE: DBA - H7BA

> Previous ESRF lattice (cell) 2
Double Bend Achromat =17 M (2 dipoles + 15 quad. sext.) per cell Ee

ID length =5 m (standard) / 6m / 7m € X 3
(Nsect ) Ndipole)
> EBS lattice (cell) . 5 y

Hybrid 7 Bend Achromat = 31 M (4 dipoles-lg + 3 dipole-quad + 16 quad., 6 sext., 2 oct.)
ID length=5m

DBA dipole dipole

Dipole-quadrupoles
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ESRF-EBS LATTICE VS. PREVIOUS ESRF-DBA LATTICE: DBA - H7BA

Emittances with EBS: H/V=10 — x100 brighter X-rays

UPGRADE OF EXISTING

Energy [GeV] 6.04 6.04 STORAGE RINGS TO A NEW
Tunes 75.21,26.3436.44, 13.39 LOW HORIZONTAL EMITTANCE
Emittance x [pmrad] 134 4000 LATTICE AND AT THE SAME
Emittance y (target) [pmrad] 2 3 D ENERGY IS NO LONGER A
Energy loss per turn [MeV] 2.6 4.9 DREAM:

RF voltage (acceptance) [MV] 6 (5.6%) 9 (4%) MANY NEW AND EXISTING
Chromaticity 6,4 4,7 FACILITIES WORLWIDE
Circumference [m] 843.98 844.39 CONSIDERING AN HMBA
Energy spread [%] 0.095 0.106 BASED LATTICE

Beam current [mA] (200 200>

Lattice type HMBA DBA

Touschek lifetime [h] ~20 ~80
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- ESRF-EBS: A MACHINE DREAM BECOMES A REALITY IN 5 YEARS SINCE ITS CONCEPTION

[

From the idea — 2011/13 II— To the design —2014/16

1 . / .‘: I.,-'. L \.‘ i I‘I’\ | "‘I II\'\ il
o o o Sl o)

o the installation — 2016/19 II—
| = e I

To the 15t electrons — 28-11-2019

SUM of the 4 (absolute of) ADCs Turnl Tum2 Turn3

-n',.
_— 2 g
-
-
50 5
3 g
; E
5 ]

1500 2000 3000
ADC-Sample No.

The European Synchrotron | ESRF
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- 25™ AUGUST 2020 : A TIME TO REMEMBER !

The 25t August 2020, first official USM shift starts

Tue Aug 25 17:20:4 4 :
SR Current (c10)

193.62 mA

BFLD EBPL1
Lifetime [] Libera lifetime I sl
| BF17 P19

09h 0Zmn T T ERIEE
Wi | [ P27

Filling mode

LINAC - TL1 - BOOSTER - TL2

w

HRaEE R

28 beamlines take beam

&
[ ]

200 mA

0:00 12:00 14:00 L6:00

WW 1k
00 R

e & =150 pm - rad
g, = 20pm-rad

Fluids and Infra

. FLUIDS | CS-ROOM .
4 4
or mrms:—z—: . INFRA
orbie sk N S |
Energy Spreac ‘
Average peessure [ |
10w Gutput power [ AOTZEW

Aug 25 17:02 Delivery:Next Refill at 18:00;

ON TIME — WITHIN BUDGET
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CPMUS AT SMALLER GAP: INCREASED BRILLIANCE

___U220ld DBA Lattice S S .

..... o U14.5 Old DBA Lattice == ............................ ................ : ; : : ; { 5
: : - U14.5 New EBS Lattice ............... ;.. ............................ E .................... ;.. ............... ? ............ é..........é ......... E..........E, ..5...

Brilliance [Ph/s/0.1%bw/mm’/mr’]

10" BB o T
6 7 9 2 3 4 5 6 7 8 9
10 keV 100 keV
IVUN22 min. gap 6 mm, K__.=1.7 Photon Energy

CPMU14.5 min.gap4 mm, K__.=1.7

Page 26 8TH ESRF-ILL SUMMER SCHOOL | EPN CAMPUS, GRENOBLE 5 SEPTEMBER 2022 | Francesco Sette The European Synchrotron | ESRF



- ESRF-EBS: MAIN LATTICE PARAMETERS

a

.2

b

o

H

=

2

L

=

Q

O 10 _:....-.;;;;;...... ..........-.....................“ Hon : ............................
] 22 Present Lattice
. ==="TJ14.5 Present Lattice il
__ U14: SNeWLattlce"----------------------- Y ERRR (RO FRRUR e .= S, RS

IVUN22 min. gap 6 mm, Kmax—l 7 Photon Enerev [keV]

CPMU14.5 min.gap4 mm, K__.=1.7

The European Synchrotron | ESRF
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ESRF: 2021 OPERATION FIGURES
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11 711

shifts delivered to users
(out of 27 371 requested)

@

96.4%

machine availability

5

operation modes

1219

ESRF publications
in peer-reviewed
journals
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EBS SCIENCE




—— - ----aplk (4.

Health, Health Innovation, overcoming
diseases and pandemics

@) Sevelorment GLSALS

GOOD HEALTH QUALITY L 1=

2. Material for tomorrow, and innovative o soELste g % o
and sustainable industry :
3. Clean Energy transition, sustainable R 10 522,

o

energy storage and clean hydrogen & .
technologies . v [CF- [T e
4. Planetary research (terrestrial and extra- | Sl & %
terrestrial) 3 '
Environmental and climatic challenges, F 3 T
Bio-based economy and food security
Humanity and world cultural heritage n
BN AN 8 il Horizon @€ =
1_ 1N N\ 4 = — Bl Europe ] ,

THE NEXT EU RESEARCH & INNOVATION
PROGRAMME (2021 -2027)




CHANGING SCALE, FROM BMO05 TO BM18




CHANGING SCALE, FROM BMO05 TO BM18

Phase-contrast depends on:

- X-ray Coherence

- Propagation-distance




CHANGING SCALE, FROM BMO05 TO BM18

Phase-contrast depends on:

- X-ray Coherence

- Propagation-distance




EBSL3 - BM18, LARGEST HIGH-ENERGY X-RAY IMAGING BEAMLINE IN THE WORLD

Transfer UHV pipe
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- EBSL3 - BM18, LARGEST HIGH-ENERGY X-RAY IMAGING BEAMLINE IN THE WORLD

Main techniques:
e Hierarchical tomography
* Propagation phase-contrast imaging

Main beamline specifications:
Energy range:25-300 keV (polychromatic)
220m long beamline, up to 40m for
propagation phase-contrast

Sample size up to 2.5m and 300 kg
High level of automation and high
throughput

EBS and refurbishment improvements:
Smallest possible X-ray source of the EBS
beam of 35cm with highest coherence
worldwide for high-energy X-ray imaging.
Large resolution range (0.7 - 200 um)
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- BM18: HHERARCHICAL PHASE-CONTRAST TOMOGRAPHY

Biomedical imaging Natural and cultural heritage

* A new scale in e * understanding the
@ CHAN : i human body (8 | evolution of life on earth
INITIATIVE = \ - 1
knowledge A -

| * Non-invasive structural
* Understanding study of archaeological

effects of diseases y ]9/ specimens and art pieces

High sensitivity phase-
Geology contrast tomography in Material sciences

* origin of large and complex » Non-destructive control
earthquakes samples A of large devices

(batteries, complex

* Mechanisms of mechanical parts)

volcanoes

* Additive manufacturing

* Climate change (in-situ and ex-situ)

]
~ Fraunhofer
EZRT
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Hierarchical imaging of
complete human organs, how
the EBS changed the game

P. Tafforeau, M. Ackermann, D. Jonigk, C. Walsh, W.
Wagner, C. Berruyer, E. Boller, A. Bellier, J. Brunet, M.
Kuehnel, C. Werlein, J. Jacob, R. Shipley, S. Verleden and
P. D. Lee

netzwerk

’ Hochschule HEIDELBERG 7 it Université
UNIVERSITY ) : Grenoble Alpes
g fiir das Leben. HOSPITAL pandemics

ooz .
ZUCKERBERG

INITIATIVE sorannes GUTENBERG Deutsches Zentrum fiir
UNIVERSITAT wanz  Lungenforschung

é
C e
Labora d'Anatomie Des Alpes Frangaises
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UCL-ESRF HUMAN ORGAN ATLAS PROJECT

The Human
Organ Atlas

An open access database,
developed as part of the

Human Organ Atlas

Patients

EXPLORE SEARCH

A FO-20.129

male 54yo

died from COVID-19 21 days after hospitalisation, mechanical ventilation, pulmonary

failure, renal failure.bacterial pneumonia with Klebsiella aerogenes, general brain edema.

subarachnoidal and intracranial bleeding

2 LADAF-2020-31

female 69yoc 40kg 145cm

type 2 diabetes, pelvic radiation to treat cancer of the uterus, right colectomy (benign

A LADAF-2020-27

female 94yo 45kg 140cm

right sylvian and right cerebellar stroke, cognitive disorders of vascular origin, depressive
syndrome, atrial fibrillation and hypertensive heart disease, micro-crystalline arthritis
(gout), right lung pneumopathy (3 before death), cataract of the left eye, squamous cell
carcinoma of the skin (left temporal region)

2 GLR-163

male 77yo

resection of the lower lobe segment 6 due to small pulmonary adenocarcinoma (1.4 ),

lesion on histopathology). bilateral nephrostomy for acute obstructive renal failure, coronary heart disease, arterial hypertension, chronic rheumatic disease (polymyalgia
cystectomy, omentectomy and peritoneal carcinoma with occlusive syndrome rheumatica)

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 iyt i aeiire.
intact organ scale. o S oA e zcassen ‘ T | TR

2.45um_VO0I-02_lower-lobe-basal

Vertical column in local tomography at 2.45um pixe size

Datasets 2.45um_VOI-01_upper-lobe-apical

Vertical column in local tomography at 2.45um pixe size
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|ID23-1: GEMINI — MAD BEAMLINE FOR MACROMOLECULAR CRYSTALLOGRAPHY

Structure and mechanism of the methyltransferase ribozyme MTR1 (methyltransferase reaction)
RNA-catalyzed /%

methylation / «ﬁ/"t'ﬁ o C. P M. Scheit et al
RERENS ._ P \j'°”3 Nature Chemical Biology 18
L 547(2022)

o 2 =-‘/""" ' ,

Open question:
How ribozymes, the RNA catalysts, can catalyze a site-specific methyl transferin RNA?

.......
LA
------
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|ID23-1: GEMINI — MAD BEAMLINE FOR MACROMOLECULAR CRYSTALLOGRAPHY

Structure and mechanism of the methyltransferase ribozyme MTR1 (methyltransferase reaction)

e R ! C. P M. Scheit et al
e Pl W sl II:I: & ! _.-.I"‘I . .
ﬂpi -5 ;'= A 5 A Nature Chemical Biology
A—e=¢ | P 16, 547(2022)
oe | g oL R
‘;Lq ¥ 3 ! " -f:"f:'. ‘}
B ‘A A » ;r ‘1‘
A £ e s i
C A } | 2
— =30 el ‘ - i
= - 1
200 — & a= P1 C12
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g &y p\/ O OH | woi i
. + |
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‘.h' - | ! g w0 U Methylation (O fﬁ
/ < _J'_q“ 28 w rate 5 bc’ﬁ

. Slow '

i [
Er':!-‘i’t ~O OCH;

ID23-1 structural data at atomic resolution show that MTR1 folds in a specific way and proposes a
sophisticated mechanism for the methyl transfer reaction. These studies provide further insights into
the RNA world hypothesis, suggesting that life on Earth began with RNA molecules
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- IDO2: TIME-RESOLVED ULTRA SAXS BEAMLINE

Page 42

High flux: 101 photons/sec
Time resolution: ~ 100 ms
g —range: 103— 50 nm1?
AQ: 2x10“4nm1 (FWHM)

8TH ESRF-ILL SUMMER SCHOOL | EPN CAMPUS, GRENOBLE 5 SEPTEMBER 2022 | Francesco Sette

Time (s)

Wagon Sample
(detectors)

Stroboscopic

[l il | |

10° 10! 10? 10° 10

21t/q (nm)

The European Synchrotron | ESRF




- HIERARCHICAL STRUCTURE OF MUSCLE

Page 43

1. generation SR 3. generation SR
Muscle 2. generation SR
/ e g

Muscle fiber (cell)

Fascicle Motor end plate (neuromuscular junction)
I! = / Muscle cell nuclei
' A Capillary

[ / Endomysium |
v Nerve axon |

Perimysium

Transverse tubule \“
Sarcoplasmic reticulum

Nerve axon branch
Epimysium

MEﬁbLil

hily&filegneﬂts Actin

stimulating mica force transducer

electrode window
0.25 pm / h 00 k

0.5m

30 m

Mybsin

4. generation SR 20um

...z.o‘.lm, - ’

0.5um

Much smaller specimen, applying physiological protocols,
addressing clinically relevant questions, etc. active

0.25 um

muscle fibre

+«—— motor hook
at ~2.2 ym s.l,

detector at 1-30m

Close the current knowledge gap in cardiac muscle regulation
Gain deeper insights into the molecular basis of cardiomyopathies
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- ID27: HIGH FLUX NANO-XRD BEAMLINE FOR SCIENCE UNDER EXTREME CONDITIONS

Observing of hot dense superionic water

4000 [
1200 5 P f
- CC-3l Ice IE55
lggg__ (110) ‘ 3500 :—
500‘_5 3000 |-
400 3 = L
= 3 3 C
£ 3 fee-Slice > 25000
E 3 = C
£ 7 3 | LA L Jaats o
& 2007 & 2000 -
£ ] [ - A
: g [
Could influence the 2 ok 1500 % %
. . 11420 K:
magnetic field of {uzox 1000 %
. 4 [ I I re |
Neptune_||kep|anets I A bccicel 500 T T T oo o oo Ilaoon g
T T T T T A T T T T 0 50 100 150 200 250 300
9 10 11 12 13 14 15 16

Pressure (GPa)
20 (degree)

Open questlon: "o bonsics ice M . oot e

. : Ezzlt::c-SHﬂuid 4 beclee Clzengéé%%lza — fce-Sl
What are the phases of warm dense ice present
in the planetary interiors of Uranus, Neptune and other giant icy exoplanets ?

Predictions: superionic (SI) state - hydrogen atoms migrate through the oxygen crystal as in a fluid

HP, HTXRD\—) reveal superionic ice could occupy a large part of the interior of the planets Uranus and
Neptune

Weck et al. Phys. Rev. Lett. 128, 165701 (2022)
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EBSL1 - 1D18: COHERENT X-RAYS DYNAMICS AND IMAGING

Dynamics of glassy state Physics of light

* How do glasses age ? * Investigating fundamental
' quantum & non-linear
* How do glasses optics processes (SHG,
rearrange ? DFG)

ideal glass

crystal

Dynamics in crowded systems Mesoscale Structure
and Dynamics Bioimaging

* How proteins move in oo *Growth of

crowded environment ) . . :
(e.g. cells) ? High resolution 3D imaging

* How systems are
organized in the

mesoscale
structures

\ * How are building
TETREELS ¢ e e blocks of life

_ connected ?
* How manufacturing at

sub micron can be
optimized ?
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- EBSL2 — ID03: BEAMLINE FOR HARD X-RAY MICROSCOPY

Metallurgy Functional materials

* Pattern formation
» Materials fatigue
* Recovery and recrystallization

« Strain at grain boundaries
* Formation of domain patterns
* Dynamics of domain switching

3D strain maps with 100 nm Biominerals

spatial resolution * Microstructure

e

T pratess oryts

-

.
SR A - . . -
€) pratee WT0, 31 e ik Enayberaed
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- EBSL8 — 1D29: SERIAL MACROMOLECULAR CRYSTALLOGRAPHY

Drug design & &ps  ( Biofuel
- » Characterize and optimize

biochemical processes for
production new carburants

* Exploit room temperature
fragment screening

* ldentify time dependent
structure: ligand
complexes

* Exploit novel sources for
bioenergies

Enzymology Serial and Time resolved Bioremediation

* Study enzymatic reaction chSta"ographV » Study and engineering of

@ in crystals macromolecular
= complexes involved in

*Enzyme design and h bioremediation

repurposing by synthetic 3

biology o * Develop enzymatic
processes for plastic
waste treatment
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- ID14 (ID18): NUCLEAR RESONANCE SCATTERING

Page 48

Geoscience and Exoplanets

8

* Sound velocities, elastic moduli,
thermodynamics and heat conductivity

~ *Identification of
chemical phases
* Electronic and
magnetic transitions

Electronic properties,
magnetism

and atomic dynamics

at extreme conditions

Superconductivity

* Superconductivity
at high pressure
*Visualization of the
. vortex structure
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Magnetism at Megabars
* Magnetic states

m‘ * Magnetic transitions

* -
f

* Transition from
ferromagnetism to
superconductivity

Glass transition

* Dynamical
heterogeneities

* Time and length
scale
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- ID21: X-RAY MICROSCOPY BEAMLINE

Cultural Heritage Manufactured materials

Solid Oxide Fuel Cell = Efficiency and stability of
* What are the manufactured materials
masters’ secrets?
. 2 * Chemical reactions at
» Why and how do : ] boundaries in electrodes,

artworks degrade? ' catalysts and micro-
electronics

Identification and location

of chemical markers in Health

* Interactions of
manufactured materials

Environmental science

B R complex materials
negative impacts of

materials in the

environment

» Metal accumulation
in plants
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(drugs, implants, tattoos,
etc.) with living systems

* Chemical modifications
induced by neuro-
degenerative diseases
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ID24 — ED: HIGH POWER LASER FACILITY

Laser shock science Structure of novel materials
‘ * Warm Dense Matter = Batteries and fuel cells
* Planets and Inertial * Nanoparticles

Confinement Fusion
» Gas sensors and separators

* Dynamic behavior of D
matter —

Physics and chemistry of
complex materials under B
 Geo resoilIes relevant conditions H Fli-ﬂm

Environmental science In-situ and operando chemistry

. ;!l * Catalysis

i : - = - : b |_ '.. gk 4 -
* Biogeochemical processes i ; - - =M 3% @ @ *Synthesis

* Impact of human activity .= . splanetary interiors 7aN\\\L = » *Electrochemistry

‘”&ﬂlﬂ on our environment

0 it @

" » Photochemistry
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- ID27: HIGH FLUX NANO-XRD BEAMLINE FOR SCIENCE UNDER EXTREME CONDITIONS

High Density Physics Materials under Extreme P&T

* Search for room
temperature
superconductivity

* Structure of
metallic hydrogen

In situ studies of materials
subjected to extreme P,T

» Emergence of conditions
structural

. “\ 7k
complexity & e M ° Polymerization

High Pressure Chemistry Soft and biological matter under

pressure

. * New high pressure N * Protein conformation
S0 80 S?a-:amﬁcég.]m 126 130 compounds -\ \ pi
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- OPERATION: INNOVATION AND INDUSTRIAL APPLICATIONS

2022 Commercial AND INDUSTRIAL ACTIVITIES (2022)

*Committed = orders received for work till year end

Second Hand

Electronic Structure, : Services ,Technology Licences
. . Equipment o
Magnetism & Dynamics Sal 2.4% 3.5%
0.3% 1“‘3‘;
= Matter at Extremes
CRG Beamlines 4.3%

0.2%

X-Ray Nanoprobe
6.1%

Complex Systems &
Biomedical Sciences
7.2%

Structural Biology
36.5%

Manufacture and Sale
of Instrumentation

Structure of Materials 13.9%

24.6%
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EBS OPERATION: INDUSTRY IMPACT BROCHURE — 12 STORIES WITH INDUSTRY

e Stories with industry as a facility user, technology user/provider and collaborator
e PDF available on Zenodo: https://doi.org/10.5281/zenodo.5770307
e Print copies available

CONTENTS
PRIOR PLM MEDICAL
Welcome to the ESRF MAKING ASTHMA
INHALERS GREENER ELECTROMAGNETS,
AND MORE ROBUST FROM MANUFACTURE

TO TESTING

Our impact on industry

THE COMPANY
Priar PLM

“The ESRF is THE COMPANY
an amazing facility P
- very welcoming,

very accommodating.”

Industry uses ESRF
instrumentation

« 06 Airbus

= 08 AstraZeneca

« 10 Finden & Nouttom
=12 Pnor PLM Medical
= 14 Takis Biotech

=16 Xnext

5 Alan McKiernan, research manoger,
. Prier PLM Medical

Industry supplies the ESRF
with advanced technology
=18 AVS

= 20 Pnime Elettronica

THE IMPACT
g ! af the E

Industry benefits : .

from ESRF expertise B K enun, esemron e oot P

# 22 NH TherAguix
IMPACT ON INDUSTRY = 24 SEF Technologies

SUCCESS STORIES WITH BUSINESS
AT THE ESRF

Industry collaborates
with ESRF specialists .
=26 Constellium (InnovaxN)
= 28 SZ2Innouation

, SEF TecunoLocies «

Contact us . .
This work was funded from the EU’s H2020 Research and Innovation
programme under Grant Agreement No 730872 “CALIPSOplus”.
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- STUDENT OPPORTUNITIES: INNOVAXN

InnovaXN Marie Sktodowska Curie
COFUND Programme

by precompetitive industrial R&D topics

&
Renewable Energy

Metallurgy

& Energy Storage

\\‘

/Agriculture & Food i

/

f@} Catalysis & Chemistry
N

——Construction Material

¥ Er.ig,

~
Consumer Products

—__ Pharmaceuticals & ¢
“Biotechnologies “

% Aerospace & Automotive
P

Industrial sectors of Round 1 (Sept.2020)

This project has received funding from the EU Horizon 2020 research and innovation programme under the Marie Sktodowska-Curie grant agreement No 847439. -
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APPLYING FOR NEW CALL IN 2023

Co-funding of 40 PhD student programmes on research driven

Innova) -
- XN =

1)
Grenoble Alpes

~ |
. + A n

| —
s

S LA
ml-m

Industrial partner countries in Round 1

G {xl
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- INNOVAXN PHD PROGRAMME: AN MSCA COFUND PROJECT

Innova

XN

 ESRF and ILL welcomed 20 more PhD students in early
October 2020 to start projects using X-ray and neutron
techniques in partnership with companies driving the
R&D projects

e On 6 December 2021, a half-day symposium brought
together 36 InnovaXN PhD students, with 5’
Interventions to pitch their projects.

Innovo

The InnovaXN Plenary Event
6-7 July 2022
ESRF Auditorium, EPN Campus, Grenoble
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- ESRF FOR THE NEXT GENERATIONS: HERCULES PROGRAMME

H ERCU I_ES HERCULES UNIQUENESS relies on a careful balance between lectures from

Furonean School internationally well known experts and practical work at cutting edge
P experimental setups, in neutron and synchrotron radiation large facilities

| UNIVERSITE =29 Hercules Annual Sessions (1991-2022)
' Grenoble

é Alpes

.. ) =~75 participants/session
e > 2400 participants since 1991

Benelux

France

Germany

United Kingdom
Italy

Nordic countries
Spain

Other countries

PAUL SCHERRER INSTITUT

SULEIL

SYNCHROTRON
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ESRF FOR THE NEXT GENERATIONS: UNDERGRADUATE STUDENT SUMMER PROGRAMME

“All the
I’'m at ti
Viktor R

Age 25
Participa

Universi
Viktor \'Sg "

“It’s exciting working so close to the
synchrotron. I've been given the chance
to really understand the everyday life of
what it’s like to be a scientist in an
international research facility".

' Eleonora Polini

Participant on the ESRF/ILL International
Student Summer Programme

Age 21

Universita di'Roma La Sapienza, Italy
Eleonora is studying the behaviour of
MAPDbDI3, a hybrid perovskite, using
X-ray diffraction under high pressure
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ESRF-ILL International
Undergraduate Student
Summer Programme

* Increase visibility and
attractiveness of ESRF and ILL
among undergraduate
students

e ~170 applications

e 20 students from 10-15
countries

The European Synchrotron | ES



ESRF FOR THE NEXT GENERATIONS: SYNCHROTRON AT SCHOOL PROGRAMME

Science made by and for the youngsters

acade

= A partnership of ESRF and Académie de Grenoble Greno
= ~1 500 high school students every year
e High schools with scientific and technical specializations
= A day of full scientific immersion, with scientific
experiments carried out

= Schools from all over

MINISTERE DE
L'EDUCATION NATIONALE

MINISTERE DE
L’ENSEIGNEMENT SUPERIEUR
ET DE LA RECHERCHE

--------
LA
------
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- ESRF: KEEPING SCIENCE AND INNOVATION AT THE FOREFRONT

SCIENCE AND R&D AND CHALLENGES FOR 2021 -2025

7/ | \

An IT-DATA PROGRAMMNE to fully
A far looking accelerators exploit the information contained
programme

in the EBS DATA

Delivery of new state-of-the-art

beamlines (health, innovation,
biology, new materials, etc. )

EBSL3-BM18 /"\’\ EBSL8-1D29

2021 D21 — UXAS 2022 INCREASED BRIGHTNESS COHERENCE,

N / 4 2021 \\ RELIABILITY AND STABILITY
ID27 — HP _
202 'DZ;OZ;(AS NEW GENERATION UNDULATORS, | an'; 2'5;3;:;:’?:;;’”
ID14 — NRS ’ 4™ HARMONIC CAVITY,
\\ 2024 ¥/ IMPROVED INJECTION CHAIN,
EBSL2-1D03 EBSL1-ID18 PREVENTIVE MAINTENANCE
2023 V\ % 2024

v

--------
LA
------
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EXCITING TIME FOR X-RAY SCIENCE!
—> NEW SCIENTIFIC OPPORTUNITIES

- CONCLUSIONS

WELCOME
AT THE
ESRF!
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- ESRF — PIONEERING SYNCHROTRON SCIENCE

THANK YOU FOR YOUR ATTENTION

~ _, 7 /4 -
Looking forward to welcoming you at the ESRF!
» Twitter @esrfsynchrotron — Instagram @esrf synchrotron
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GRENOBLE AND ITS SURROUNDINGS: A BEAUTIFUL REGION
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.... AND A STIMULATING CULTURAL ENVIRONMENT
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