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Sources de Rayons X

Electron Ultra-relativiste
dans un champ magnétique :

Electron dans un champ electrique :
Rayonnement Synchrotron

Bremstrahlung, Fluorescence

Energy = e
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Brilliance Spectrale
(Spectral Brightness)

Unitée : Photons/sec /0.1 % /mm?2/mrad?

Se conserve lors de la propagation ou la focalisation par
des optiques sans aberration (Liouville)

Une forte brilliance associe :
Un fort flux spectral (Photons/sec/0.1%)
Une faible etendue optique aussi appelée émittance

turopean Synchrotron Radiation Facility Author - Title (Footer)
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= Sources de
- Rayonnement Synchrotron

1 Aimant de courbure

Brillance 2 Wiggler
(photons/s/mm?/mrad?/0.1%B.F.)
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Properties of Synchrotron Radiation

Powerful
Continuous spectrum from IR to Hard X-ray
High Flux (Photons/sec/.1%)

Highly collimated -> High Brightness
(Photons/s/.1%/mm?/mr?)

Well defined Polarization (linear or elliptical)
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Anneau de stockage d’electrons Injecteur

Quadrupole
Aimants de Deviation

Lignes de Lumieres
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Parametres des Sources Synchrotrons

Name Location | Energy | Perimeter Number of
[GeV] [m] Straights
SPRING-8 Japan 1436 48
APS us 1060 40
ESRF France 844 82
SSRF China 3.5 396 20
SPEAR3 USA 240 18
DIAMOND UK 560 24
Australian | Australia 216 14
Synchrotron

CLS Canada 2.9 171 12
SOLEIL France 2.85 354 24
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Synchrotrons Recents en Europe

Soleil, France Diamond , UK
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L’ESRF est une société
civile de droit francais dont

le financement est assuré par 19 pays.

Budget 2008 : 87 MEuros.
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#% Coopération de 19 pays

Répartition du budget

France 27,5 %
Allemagne 25,5 %
Italie 15 %
Royaume-Uni 14 %
Espagne 4%
Suisse 4 %
Benesync 6 %
(Belgique, Pays-Bas)

Nordsync 4 %

(Danemark, Finlande, Norvege, Suéde)

Partenaires scientifiques :

Portugal 1%
Israel 1%
Autriche 1%
Poland 1%
Central Sync 1%

(Republique Tcheque, Hongrie, Slovaquie)



Bulletin de la Société Royale des Sciences de Liege, Vol. 78, 2009, pp. 133 - 175

A light for Science

European Synchtrotron

- Radiation Facility

e | s 1 :

® 1975 _ Project of a European

third—-generation
synchrotron source

® 1088 Signature between the
governments of 12
Member States.

® 1992 First electron beam in
the storage ring.
Commissioning phase.

® 1994 uUser operations with ® 1998 40 beamlines

15 beamlines
® 2008 Upgrade Programme approved
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64 Aimants de deviations 320 Quadrupoles (Focalisation)
Champ ~0.85T Champ ~ 18 T/m
Longueur ~ 2.5 m Longueur ~ 0.4 2 0.9 m
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ALE,

#3% Anneau de stockage
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Aimant &\ h
imants N , .. .
de focalisation %Q Eléments d’insertion

(ondulateurs)
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ESRF

* Energy = 6 GeV
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Operation Statistics

2006 2007 2008
Availability (%) 98.7 97.8 98.2
iree g Vo€ 61.5 56.8 63.2

Mean duration of a 0.8
failure (hrs) r

1.2 1.2
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“.;" [ ] = N\
ﬂé‘l Ligne de lumiere

-
&

Anneau de stockage

Cabine
optique

Cabine
d’expérience

Cabine de
controle commande
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O Miroir

(O Monochromateur
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O Diffractométre

O Détecteur
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Cross Sections
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Pressure, Interaction of

Temperature and :
Magnetic Field Fluorescence PhOtonl\jl Vnth
atter

Photoemission

Transmission

Electron

Incident
Photon beam

Inelastic
turopean Synchrotron Radiation Facility scattering
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Distribution of time by scientific area

Other: Training,
feasibility tests,
proprietary
research Chemistry
5% 9%

Surfaces &
Interfaces

8% Elect. & Magn.
Soft Cond. Properties
Matter 14%
% Crystals &
Meth & Instrum Ordered
2% Structures
13%
Medicine
4% Disordered
Macromolecular Systems
0
Crystz;ll;graphy | Applied 4%
Environment & Materials,
Culture Engineering
12%

L ﬁ%..
turopean Synchrotron Radiationtacility

P. Elleaume Soc. Roy. Sci. Liege, Collogue 2 Dec 2008 Slide: 26

Page Page 158



Bulletin de la Société Royale des Sciences de Liege, Vol. 78, 2009, pp. 133 - 175

A light for Science

Synchrotron Light Techniques

» Diffraction: powder, single-crystal, macro-mole »... \ e z'fgl
oon JN CGPa ZBGPui :‘ * -

0.03 ~ §
002 r'd J v
001
0.00

05 6.9 GPa 20 Gl

0

9(E) (1fmeV)

» Scattering: small-angle, inelastic...

» Absorption: XAFS, XMCD...

* Imaging: topography, phase-contrast

» Microscopy: x-ray, infra-red ...
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e Pt Xy X—ray_lefractlon
" Laue in 1912 in a Crystal

"-"- "‘- T ™ ,=l-“""' R 3
b aay IH“:-P-IH

Fal N"-Jﬂfw l?f-a.

Incident X-ray beam

Bragg’s law: 2 d sin® = nA

A . wavelength
0 : incident angle
d : distance between 2 atomic plans
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Crystals

Structural Biology |
% accounts for 40%
of the beam time
at the ESRF

turopean synchrotron Radiation facility Electron Density Cloud

X-ray Diffraction
of Microcrystals

3D structure
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Tomography
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Guépe
conservee
dans de
'ambre
pendant 100
millions
d’Annees
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Fossil record of an eight year old child Life Histo ry of a
living 160.000 years ago .
Found in Jebel Irhoud, Morocco FOSSIIe Human

Tomography
by phase
contrast

ndril o) rea of interest I grwth lines ->
Eurupearmncﬁrutrun Radiation fg‘cﬁﬁg DA inAtich.6F AGE
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Chemical Composition
of a Comet Tail

Stardust 0044-Track 3/terminal particle

f\'rmm-_ﬂu orescence tomogr(thJ.-': low intensity isosurfaces (envelopes,
the corresponding elements within the terminal particle

reconstructed
composite image
corresponding to

heterogeneous on the submicron level C
’ r ik

main Fe-rich phase: olivine
P. Elleaume Soc. Roy. Sci. Liege, Collogue 2 Dec 2008 Slide: 33
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Phase lll of solid Hydrogen

3 Phases: mor

* |: FCC, H, molecules, free
rotation g, e

* |I: determined recently g ﬁ// § " ohasen
(ID30 + IDO9 + N/LLB). = o] Phase I
Incommensurate structure o ! *
with local orientational P pesonerny
order

100 GPa 200
e lll: structure not known. 1 GPa = 10 kbar

First observations, ID27
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X-ray Imaging

How cracks grow in
steel

Combination of stress and a
corrosive environment

Cracks develop along 1600
boundaries of 360 grains

Visualisation /in situ with the
3D grain mapping technique
based on diffraction
contrast tomography.

A. King et al., Science 18 (2008)
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Very high resolution imaging — 100nm gold particle

Sample on
membrane

sampele on Beamstop
Si!_ _1_|:|1E|:d:-m|:|e

(aj

Focused hard
X-ray beam

Diffraction image
FreloN camera

» |D13, 15.25 keV

» Crossed refractive nanofocusing lenses —
focal spot ~ 100 x 100 nm?

» Coherent X-ray Diffraction Imaging (CXDI)

turopean Synchrotron Radiation Facility Schroer et aI, PRL 101, 090801, 2008
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Very high resolution imaging — 100nm gold particle

» CXDI: object illuminated
with coherent beam

» Far-field diffraction
image — no optics

turopean Synchrotron Radiation Facility Schroer et aI, PRL 101, 090801, 2008
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Very high resolution imaging — 100nm gold particle

» Reconstructions used hybrid
input-output method

. > Spatial resolution ~ 5 nm from
600 sec exposure

» Ultimate resolution possible:
100 nm <1nm?

turopean Synchrotron Radiation Facility Schroer et al, PRL 101, 090801, 2008
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Proposals submitted and allocated beamtime

® Proposals submitted ~ 6200 User Visit/year

a PI'OpOSEl'S allocated beamtime
2200 - @
1881 1907

2000 - 1892
1800 1675

1600
1400
1200
1000

Number of Proposals

2003 2004 2005 2006 2007 2008

] 1 Years
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ESRF Refereed Publications

~— . INCOMPLETE

1511 smnsncﬁ

1600

1400 -

1200 -

1000 -

800

Number

600 -
400

200

2001 2002 2003 2004 2005 2006 2007 2008
Year

B TOTAL BESRF AUTHOR @NO ESRF AUTHOR
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Merci de votre Attention !

Pour en savoir plus :
Venez visiter notre site
http://lwww.esrf.eu
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