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Elettra Laboratory Mission: 
Using Synchrotron and FEL radiation to conduct 
experiments considered impossible a decade ago !

Research opportunities and perspectives 

using synchrotron and FEL radiation 

1. Overview on synchrotrons, photon-matter 

interactions and photon-based methods. 

2. Application fields: representative examples with 

emphasis at operando studies and achieved 

spectral, spatial and time resolution.

3. Concluding remarks.  
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SYNCHROTRON? photon emission generated by relativistic 

electrons in circular or linear accelerators

1968 1st gen. dedicated SR Tantalus  (USA) òIlluminating the path 

to scientific discoveryò 

1981 2nd gen. dedicated SR (only BM) SRS (UK)

1993 3rd gen. dedicated SR (+insertion devices) Elettra

2016 4th gen. low emittance DLSR MAX IV (Sweden)

April 24, 1947 observed in General Electric Lab NYðòugly duckó causing 

particles to lose energy.in 60s recognized as light with exceptional properties 

- used in parasitic mode @ accelerators called  Synchrotrons. 

2005 ï1st XUV SASE FEL ðFLASH (Germany)

2009 1st X-ray SASE FEL LCLS (USA) 

2010 ï1st Seeded FEL FERMI (Italy)

2017 - 1st High-rep XFEL (Germany) 3.4 km 
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Synchrotron light characteristics

Tunable
Very high 

brightness
ph/mm2/s/mrad2

1023

Time structure 

ps-fs

% coherent

Polarization 

options

Accelerated electrons radiate electromagnetic 

energy in very wide range

n= c/l
Very Broad Band

Photons compared to charged particles:

ÅHigher penetration power: energy controlled.

ÅVariety of scattering methods and imaging contrasts. 

ÅVariety of spectroscopies: elemental, chemical, etcinformation.

ÅLess sensible to sample environment.
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Photons: redirection (scattering) & absorption 
Ý scattered & transmitted photons, electron & photon emission

ÅDensity

ÅXAS -
transmission

ÅPhase contrast ï

encoded by 

refractive index,d.

ÅPtychography(CDI)

IMAGING

Only electron 
oscillations 
occur: the 

scattered X-
rays are 

redirected, 
preserving 
energy and 
wavelength. 

Long range order ðXRD diffracted 

into well-defined directions

Short range order Powder XRD

SAXS-1-100 nm

GISAXS, WAXS

measure I(Q) & choose Q to match the 

length scale

XRR - thickness, roughness, 
density of thins films.

PhotoElectron

Spectroscopy (PES) 

&

X-ray Emission 

Spectroscopy (XES,-

XRF)

+ Fragmentation

& desorption 
spectroscopy

ionization

Electron 
excitations  

occur: 
scattered X-
rays change  
energy and 
wavelength-

adds
spectroscopy

RIXS

+ IRAS 

and 

Raman

XAS:  TFY, TEY, 

transmitted  photons
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XAS and PES Chemical Sensitivity

PES - C 1s core level

XAS ðboth C 1s core level and molecular orbital shifts 

C=O p-resonance - different bonding configurations

Å The absorption edges (K, L, M..) element specific

Å Abs. coeffm= f(Eph) affected by scatteringfollowing electron 

ejection: encodes the atomic environment ðchemical state.

Å Spin dependent, since spin flips are forbidden
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Sampling depth of various spectrosopies: 

depends on the detected signal (electrons or photons)

Photon detection (XAS, XES, RIXS): 

Probe depth > 100 nm = f(Eph, matrix)

X-ray transmission: ôbulkõ density, XAS, CDI

TEY & Auger electron emission (XAS), 

Core&valenceelectrons PES: Probe depth 1- 10 nm

XAS: Photon energy scanConstant Photon Energy

AES, CL and VL spectra

XAS inellasticsecondary 

electron signal at KE < 20 eV 

is more intense compared to 

core electron emission. 

e-

Electron emission 
shadowing and 
enhancement:
topography

SPEM

image
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Spectromicroscopy: 

ɜ-XPS, ɜ-XAS, ɜ-XRF in selected areas from 

the images: detailed characterization of the 

chemical and electronic structure of 

coexisting micro-phases. 

Microscopy Approaches:
X-ray or electron optics; X-ray or electron detection 

2 SPEMs 1 SXM &TXM @Elettra 2 XPEEMs @Elettra

Image contrast 
üDensity, thickness, morphology (incl. phase 

contrast and ptychography);

üElementpresence and concentration;

üChemical state, band-bending, charging;

üMagnetic spin or bond orientation.

ü XRF, XPS, XAS = elemental 

chemical, spin information

ü X-ray transmission and 

scattering (phase contrast) -

morphology and XAS

ü Topology ðelectron emission

SPEM  Imaging and microspectroscopy

STXM and XRF  Imaging

=

Intr`acellular
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Life 

sciences

Material 

science
Chemistry

Cultural 

Heritage

Space 

Science
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CULTURAL HERRITAGE revealing morphology-

structure and speciation: 
SYRMEP@TomoLab, XRF (+IAEA), SISSI, IUVS, TwinMic, MCX, XAFS )

FTIRof wall 

painting 

from Greek 

church: 
bands of 

drying oil and 

other 

substances. 
S. Sotiropoulouet 

al., MicrochemJ. 

124, 2016, 559.g

aliphatic 
compounds

triglycerine
s

Fatty acids Me 
carboxylate

Me oxalite Led white

Analysis of Pre-roman metal 
imitating pottery, R.G. Agostino et 

al., Microchem. J. 126, 2016

Tomography of 
Ancient Violins 

1732,, 2016 
Journal 

Plus2019

Neanderthal hyoid 

from Castel di Guido, 

J. Anthrop. Sci. 94, 
2016,  

Tomography XAFS: lustredmajolicas

K. Uhlir, Microchem. J. 125 , 2016

XRF: Emperor 

KhusroII (591ð628) 

silver coins contain 

Mercury

Ag Cu

HgPb
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Life Science: 3D imaging of biological cells with TXM
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Life Science: SXM & LE-XRF of cells exposed to CoFeO4 NPs 

Penetration of NPs, clustering and effects on the chemistry of the NPs penetrating in 

the nucleus .

2

3
4

5

1

Fe

CoC

O

A. Gianoncelli et al, X-ray Spectroscopy, 2013

Induced morphology 

changes:

vacuolationand lipid

droplet development

absorption refraction

cytoplasm

nucleus
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Health: Asbestos in lung tissue: 

fibre core @ shell of complex content result of tissue reaction

Synchrotron soft X-ray imaging and fluorescence 

microscopy reveal novel features of asbestos body 

morphology and composition in human lung 

tissues
L. Pascoloet al, Particleand Fibre Toxicology, 6-7, 2011: 

ScietificReports, 2013.

ÅFe chemical state in the different locations -

XANES;

ÅOrganic matter content ðproteins, lipids, 

polysahharides - IRSM.

ReveaedMg participation in tissue reaction to 

asbestos fibres - the molecular mechanism of 

asbestos toxicity in concert with the central role of 

Mg in many cell and tissue mechanisms, 

particularly oxidative stress defence and 

inflammatory conditions, significant future 

discernment is expectable. 

Relevant also to CNT - similar effects!
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Chemical composition and morphology of AKU 
cartilage: highlighted common features like presence 

of amyloids and peculiar calcifications. 

AF
M

Health: STXM+XFS and m-IRAS for tissue characterization

Protein

NH stretching

Cells after Nps incubation in GLCs for 
multi -method characterization

Graphene 

membrane

FTIR mapping

XAFS

Access water window and 

fully exploit Soft X-ray and IR 

using GLCs

XRF mapping

NEXT ïgraphene liquid cells for natural cell environment 
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Environment: XFS, XAFS, IR: soil contamination, plastic

STXM & m-XFS: Al Toxicity in 

soybean roots

P.M. Kopittkeet al òPlant Physiol. 2015, 167 

STXM & m-XFS: Nano CuO- possible 

nanofertilizersin zucchini plants:

can minimize agrochemical effects to the 

environment, important strategy in nano-

enabled agriculture.

Cu

OC

FeNa

M. Marmiroli et al, Env. Sci. Techn.55 (2021)

IR imaging: ecosystems at risk in 

Antarctica due to microplastics

FTIR image of Collembolan: lipids (blue)

proteins (green) and PS (red).

E. Bergami, Biology Letters, 16 (2020)


