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The ELETTRA laboratory



The beamlines at Elettra



Why synchrotron light for CH?

1. Brilliantςseveral orders of 
magnitude more brilliant than  
conventional sources

2. Continuous spectrum ςtunable 
from UV to X-rays

3. Collimatedςcan be focused to 
submicron dimensions

4. Coherent ςallows the use of phase 
contrast techniques



ÅSamples with great historical and/or 
commercial value

ÅMonitoring of restoration and 
conservation protocols



ÅUse of different analytical techniques

ÅAnalysis of a large sets of similar samples



What do we offer ?

Å A wide portfolio of techniques

Å Most techniques are non-destructive or micro-
destructive

Å Synergies between conventional labs and large 
research infrastructures

Å Accessto thematic networks and search for 
funds



Drug analysis
Active principles are often characterized by a crystalline structure
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ELETTRA MCX:Materials characterization through X-Ray diffraction

Light source:

Bending magnet

Critical energy : 3.2keV (2.0) , 5.5keV (2.4)

X-rays at sample:

Energy range : 6-22 keV

Photon flux : 1011 photons/sec

Beam size at sample : 10x1 mm2 - 0.3x0.3 mm2

Energy resolution : ȹE/E 2x10-4



The long period of exposure to an
increasinglyaggressiveenvironment in
the immediate vicinity of seawater,
makes the windows of the venetian
Basilica di San Giovanni e Paolo an
excellentcasestudyfor investigatingthe
effect of pollution andclimatechange.

MCX beamline



One of the strengthsof MCXis the well-defined narrow
instrumentalprofile, whichallowsaccurateidentificationof
phasesin complexmixtures, which is often the casefor
objectsor fragmentsthat are beingstudied in the field of
culturalheritage.
Threeglassfragmentsfrom TheBasilicadi SanGiovannie
Paolo in Venice were selected to study the alteration
processes.

Laurionite
PbCl(OH)

Spinel
CoAl2O4

Anglesite
PbSO4

An aggressiveenvironment with large thermal
variation, can promote micro- cracking on the
grisailles surface. These micro-breaks, together
with the natural roughnessof the grisailleslayer,
may favor the condensationprocesseson the
surface. In this way, the formation of a
deterioration-inducedporoussystemcanact asa
seriesof micro-reactorsfor leachingphenomena
with the subsequentsaltprecipitation.



Incoherent beam -> absorption contrast 

Coherent beam -> phase contrast 

Phase contrast exploits differences in the refractive index of different materials, and allows to 

distinguish structures with similar absorption. The refractive index is expressed as a complex value:

The refractive index

ÅPhase-contrast exploits differences in the refractive index of different materials 

ÅIt allows to distinguish between structures of similar absorption

ÅThe refractive index is express as a complex value:

ÅWhile absorption CT aims at reconstructing the absorption coefficient Õ, phase

contrast CT aims at reconstructing eitherŭ or part of the refractive index

ÅHowever, we can also exploit phase contrast in a qualitative way

Lesson 7 Phase contrast CT

Weak absorbing materials

The coherence of SR light

The refractive index

Spatial and temporal coherence

Methods for phase contrast CT

Propagation-based phase contrast CT

The ɻ term is linked to the phase shift, three orders of magnitude greater than the absorption term 

ʲΦ Lǘ therefore becomes possible to reveal phase effects even if the absorption (or the difference in 

absorption between different phases of a material) is negligible.



A reminder: ñclassicalò absorption CT

ÅThe incident beam is attenuated by the absorbing sample. 

ÅThe sample attenuation is recorded in the A2 area

ÅThe background signal is recorded in the A1 areas

Lesson 7 Phase contrast CT

Spatial and temporal coherence

Methods for phase contrast CT

Propagation-based phase contrast CT

The incident beam is attenuated by the absorbing sample. The 

attenuation of the sample is recorded in area A2. The background 

signal is recorded in the A1 areas.

Absorption Imaging



It is the simplest method, it does not require specific optics. Just chooses the correct 

sample - detector distance to get the signal. Without having to modify the 

ǊŜŎƻƴǎǘǊǳŎǘƛƻƴΣ ǘƘŜ ǊŜǎǳƭǘ ƛǎ ŀƴ άŜŘƎŜ ŜƴƘŀƴŎŜŘέ ƛƳŀƎŜΦ

Phase-contrast Imaging: propagation method

Propagation-based phase contrast CT

ÅIt is the simplest method as no specific X-ray optics is needed. 

ÅA sufficient sample-to-detector distance d is needed to let the signal propagate

ÅWithout modification in the reconstruction, the result is an edge enhanced image

ÅHowever, phase retrieval with digital image processing is possible

Lesson 7 Phase contrast CT

Spatial and temporal coherence

Methods for phase contrast CT

Propagation-based phase contrast CT



SYRMEP:SYnchrotron Radiation for MEdical Physics
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1. High modulus Twaron®fill
2. High modulus Twaron®warp
3. Spectra®ripstopfill
4. Spectra®diagonal axis

FOV = 5.6 mm x 13.5 mm
Resolution = 20 mm
X-ray energy = 15 keV 

!ƳŜǊƛŎŀΩǎ /ǳǇ 
high performance sails

X-ray Image takenwith a
conventionalsource

X-ray Image takenwith 
synchrotronradiation


