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Some dates in the history of science...

1895 Discovery of x-rays by Röntgen

1905 Einstein explains the photoelectric 
effect by Planck’s quantum theory

1912 Laue’s discovery of x-ray diffraction 
by crystals

1947 First experimental observation of 
synchrotron light by R.F. Elder et al.

1953 Double-helix structure of DNA 
elucidated by x-ray diffraction
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QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

What is a Synchrotron Light Source ?
A synchrotron is a large machine (about the size of a football field) 
that accelerates electrons to almost the speed of light. As the 
electrons are deflected through magnetic fields they create 
extremely bright light. The light is channelled down beamlines to 
experimental stations where it is used for research.





IT IS THE BRIGHTEST AVAILABLE SOURCE OF ULTRAVIOLET  AND 
X-RAY RADIATION USED FOR RESEARCH IN :

-CONDENSED MATTER AND MATERIALS PHYSICS
-SURFACE AND INTERFACE PHYSICS AND CHEMISTRY
-STRUCTURAL BIOLOGY (30% OF WORLDWIDE USE)
-IMAGING (METALLURGY, MATERIALS SCIENCE, MEDICINE)
-MICROFABRICATION

THERE ARE ABOUT 45 DEDICATED SOURCES WORLDWIDE, 10 OF 
THEM BEING OF THE MOST ADVANCED TYPE (INCLUDING ELETTRA 
IN TRIESTE, ITALY) AND AT LEAST 3 MORE ARE UNDER 
CONSTRUCTION.

SYNCHROTRON LIGHT : VERY BRIGHT EMISSION OF 
ELECTROMAGNETIC RADIATION FROM ELECTRONS 
ORBITING IN A STORAGE RING.



Brilliance / Spectral Brightness

FLUX OF PHOTONS IN UNIT SPECTRAL RANGE

_____________________________________________

(SOURCE AREA)  X (BEAM DIVERGENCE)

Units: Photons/s/mm2/mrad2/0.1% bandwidth





Synchrotron Light Sources

FIRST GENERATION:
Accelerators and storage rings built for other purposes, parasitically 
used as light sources

SECOND GENERATION:
Dedicated rings designed and optimised as light sources

THIRD GENERATION:
Dedicated rings built to maximise brilliance by reducing the beam 
emittance and by the extensive use of undulators as light sources

FOURTH GENERATION:
Diffraction-limited VUV and X-ray sources, with full spatial coherence: 
Free electron lasers based on Linacs, Energy-Recovery Linacs.



Third Generation Synchrotron Light Sources

Low Emittance of Storage Ring

(Emittance = Size of particle beam X angular 
divergence�)

“ Insertion Devices” for Synchrotron Light Production

==> High Brilliance (Spectral Brightness)





Insertion Devices (Undulators, Wigglers) Principle



Permanent Magnet Undulator



Third Generation Synchrotron Sources

VUV-Soft X Sources 
E< 3 GeV

Hard X Sources
E> 5 GeV

Elettra (I)

ALS (USA)

BESSY II(D)

Max II (S)

Swiss Light Source (CH)

Taiwan SRC

Pohan Light Source 

(S. Korea)

APS (USA)

Spring 8 (Japan)

ESRF (Europe)



ELETTRA Laboratory



ESRF, Grenoble (France)



Swiss Light Source, Villigen (CH)



The Synchrotrons and FELs in Europe:
a “spectral” overview

ESRF Diamond Elettra ISA CLIO Felix
DESY Soleil MAXLab FELBE
EMBL ANKA

BESSY
Daresbury
SLS

The Synchrotrons and FEL’s in Europe:
“Spectral” Character

Hard X-rays Soft X-rays UV,Visible,IR
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Elettra Beamlines
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Elettra Beamlines

19 Fully Operational Beamlines

3 Partly Operational (Commissioning) 
Beamlines:  Infrared

Microfluorescence 

Bad-Elph (hi resol. photoem.)

1 Storage Ring Free Electron Laser







The IUVS Beamline
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First results of the Inelastic Ultraviolet Scattering BL

“Structural relaxation in liquid water by inelastic UV scattering”
C. Masciovecchio, S. C. Santucci, A. Gessini, S. Di Fonzo, G. 
Ruocco, and F. Sette, PRL 92, 255507 (2004)

“Inelastic ultraviolet scattering from high frequency acoustic 
modes in glasses”
C. Masciovecchio, A. Gessini, S. Di Fonzo, L. Comez, S. C. 
Santucci, and D. Fioretto, PRL 92, 247401 (2004) 
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Two single exponential relaxations in memory function of S(Q,ω).

mq(t) = ωo
2(γ-1)exp(-DTq2t) + 2 γo δ(t) + (q2∆2 /ρ) exp (-t/τ)β

S(Q, ω) = (2Co
2q2/ω)Im[ω2 -ωo

2-iωmq(ω)]-1





Vitreous Silica



SYRMEP Beamline

Phase Contrast Imaging of

Archeological Glasses







E = 25 keV      d =  66 cm;  acquisition time: 4h

Slice 207

Original waterlogged glass, completely corroded
Fragment provided by the Museum of London

Cine rendering of channels 
(9.0 x 9.0 x 0.2) mm3

1 mm
Stack of 130 slices

1 mm



E = 25 keV      d =  66 cm;  acquisition time: 4h

Slice 207

Original waterlogged glass, completely corroded
Fragment provided by the Museum of London

Cine rendering of channels 
(9.0 x 9.0 x 0.2) mm3

1 mm
Stack of 130 slices

1 mm

It is possible to visualize:
→ the gel-layer channels
→ the lamellar structure inside the corroded glass
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Elettra-U. of Trieste

SYRMEP beamline



3-dim. reconstruction 
of the brain of a rat

Swiss Light Source



The photoemission experiment
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The electron must 
overcome the sample work 
function φsample in order to 
reach the vacuum; 
afterwards its energy is 
changed by the difference 
in work function between 
the analyzer and the 
sample. So:
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The SPELEEM at ELETTRA



Nanospectroscopy Beamline





Mg layers on W substrate

W

Mg

O2





6.5  µm2 images of a Mg film in an 
advanced growth stage. (a) 1.3 eV 
LEEM image: the indicated number
of atomic layers corresponding to the 
microregions was determined
following the reflectivity changes [24] 
during the film growth at 120  C with 
deposition rate of 0.1 atomiclayer/min.
(b) XPEEM image of the same Mg 
film after exposure to 9 L of
O2 at 50  C, where the contrast 
corresponds to the extent of
local Mg oxidation. The image is 
obtained by measuring the
Mg 2p intensity of oxidized Mg,  Iox .



FIG. 4. (Lower panel) Plots 
of the relative weight of the 
Mg 2p oxide component, 
Iox/Itotal, obtained in several 
experimental runs. Data 
indicated with the same 
symbols correspond to
the same O2 exposure. 
(Upper panel) Photoemission 
intensity
at the Fermi level measured 
for different microregion 
thickness before oxygen 
exposure with energy 
resolution of 0.25 eV.



Spectromicroscopy Beamline



Piezo driven
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Spectromicroscopy Beamline



La La 0.250.25 Pr Pr 0.3750.375 Ca Ca 0.3750.375 MnOMnO 33



Red-yellow = insulator

Blue-green = metal





X-Ray Diffraction Beamline

Science, 300, 1763 (2003)



Protein Crystallography at Elettra



Nature Struct. Biol. 10, 197 (2003)



Clean Room of the 
Elettra/INFM/CNR 
“LILIT” beamline



ELETTRA: Strong efforts in nanofabrication 

3D photonic crystals

X-ray optics

DeepX-ray lithographyCantilever for gas sensors

Micro-propulsion systems for
microsatellite’s control and correction Di Fabrizio et al., TASC-INFM
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