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Info on light source in the world

http://www.lightsources.org



Facilities Synchrotron Radiation

A problem in High Energy Physics
A crucial tool in Material Science 





Sinchrotron radiation



K 1 , the oscillation amplitude is big → broad energy spectrum 
K 1 , the oscillation amplitude is small →  narrow energy bands 

u  𝑒

e - electron charge, 
B - magnetic field, 
u - spatial period of the undulator 
magnets 
me - electron rest mass 
c - speed of light 

Sources of radiation at Synchrotrons
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PERUGIA 2025

Systems presenting anisotropy

Chemistry       - Physics
Dangling/distorted bonds-boundary conditions

Polarization LdS: 
Probing Charge
orientations and Spin
directions



Electrons are accelerated to high 
energy, and pass through magnetic 
fields. They emit light (radiation), 
which is very intense and brilliant
DE/E ସ

 Broad Spectrum

 Selectable Energy 

 High Flux 

 High Brilliance 

 High Stability 

 Selectable Polarization

 Clean Light Source

 Pulsed Time Structure 

Synchrotron Radiation



Synchrotron Facilities 
in Europe
https://lightsources.org/

ESFR

ELETTRA



List of beamlines for Surface
Science at ESRF

ID01 Coherent Diffraction
ID03 Surface diffraction
ID10 Troïka / Multipurpose-liquid surfaces
ID21 X-ray microscopy (soft X ray)
ID31 High energy diffraction
ID32 Spectroscopy by polarised soft X-rays 
photoemission, Resonant Inelastic X ray 
Scattering
BM02 D2AM (France) Materials science
BM08 LISA (Italy) Absorption and diffraction
BM25 SPLINE (Spain) Absorption and 
diffraction
BM32 IF (France) Surfaces and interfaces

http://www.esrf.eu/home/UsersAndScience/fi
nd-a-beamline.html



CHESS 2017



Elettra - Sincrotrone Trieste, Italy

Trieste

Elettra: 3rd generation ring in operation since 1993 / operates at 2.0 and 2.4 GeV

FERMI: the new seeded free electron laser open since 2012



ELETTRA (Trieste)



Available techniques of analysis at 
ELETTRA

XPS

UPS

ARPES

XPD

TR

IR microscopy

X ray microscopy

X ray tomography

Photoelectron Mic.

Fluorescent Img.

Elastic

Inelastic

Magnetic

SAXS / WAXS

X ray fluorescence

Reflectometry

Micro XRF

Reflectivity

NEXAFS

EXAFS

XMCD

Infrared

Time Resolved

Cristalloghraphy

Powder Diffraction

Surface Diffraction

Time Resolved



Absorption and Electron 
spectroscopies

Core XAS             Photon photon empty el states EXAFS/NEXAFS
Structure

Spin/magnetic orbitals XMCD

Linear response theory models the 
spectrum
Final state differs from the ground 
state



X-Ray Magnetic Circular Dichroism (XMCD) spectroscopy
Magnetic properties of materials 

Electronic transitions in 
conventional L-edge x-ray 
absorption (a), and x-ray magnetic 
circular x-ray dichroism (b,c), 
illustrated in a one-electron model. 

The transitions occur from the spin-
orbit split 2p core shell to empty 
conduction band states. In 
conventional x-ray absorption the 
total transition intensity of the two 
peaks is proportional to the 
number of d holes. 

By use of circularly polarized x-rays 
the spin moment (b) and orbital 
moment (c) can be determined 
from linear combinations of the 
dichroic difference intensities A 
and B, according to other sum 
rules. 

www-ssrl.slac.stanford.edu/dichroism/xas



 Main Questions : structure, electronic properties, 
magnetic properties, functionality, etc…..

 Sample and sample environment
 Which technique is feasible?
 Which techniques provide complementary info?
 Optimization of the signal: which apparatus/beamline
 Where? (collaborations, facilities, user support, ….)
 Can you model the future results?

Planning an experiment

pedio@iom.cnr.it

"Science is the belief in the ignorance of the experts." —
Richard Feynman



Access to a synchrotron facility: proposal submission
Before starting to prepare the proposal it is necessary to 
understand:

A) which is the best technique for my scientific problem?
B) which is the instrument better suited to my problem?

Once defined the technique, the facility and the instrument, it is good practice to
contact the scientist in charge of the beamline. He/she can immediately tell you if
the experiment is reasonable, can provide you with valuable information
concerning the feasibility of the experiment, and also suggest alternatives.

Courtesy Roberto Felici

There is high competition for beam time 
Proposal must be scientifically compelling and competitive! 



Plannig experiment & References
Choosing the Info requested and the Suitable Characterization Techniques

Sample environment/dimension/damage  choose the end station

Sensitivity vs. Chemical Selectivity photon flux, resolution, 
polarization: choose the beamline

Technique, for example Core Level elemental Chemical Selectivity in Core 
Level Spectroscopy choose the end station and the techniques
Broadening Gaussian&Intrinsic Lifetime of Core Levels (Lorentzian =2/)

Detection details: Probing Depths of Electrons and Photons, geometries, ..
Cross Sections and Dipole Selection Rules of the levels-technique

Merge of the multitechnique information to get a coherent framework of 
results
LdS Booklet http://cxro.lbl.gov/x-ray-data-booklet

Lifetimes of core levels Journal of Physical and Chemical Reference Data 8, 329 (1979)

Cross sections Atomic Data and Nuclear Data Tables 32, 1 (1985), https://cross-sections.lbl.gov/

Mean free paths NIST database: https://www.nist.gov/srd/nist-standard-reference-database-71

Binding Energies of elements https://srdata.nist.gov/xps/main_search_menu.aspx

Beamline staff is available to provide this information



Path of a proposal
A) Submission of the proposal within the deadline. Normally there are two
calls per year in Spring and in Autumn.

B) After the deadline, the beamline scientists perform the technically
feasibility. If a proposal is considered not feasible is out.

C) Committees meet and rank all the proposal. This ranking is a suggestion to
the directors, who are the final responsible for the ranking.

D) The final ranking, after directors’ modifications, is presented to the
Scientific Council of the facility for approval.

E) The final ranking is made public.

The members of the committees are expert in different fields in order to provide 
to the committee a knowledge wide enough to cover all the scientific fields of 
interest for the committees.
They are nominated by the directors of the facility after consultation with the 
scientific advisory committees of the facility and the beamline scientists.



The proposal template depends on the facility. 
No a standard form.

However, the information which should be included in 
the text is standard

Examples 
ELETTRA: New material characterization by 
photoemission and XAS
ESRF: X-ray magnetic circular dichroism (XMCD) 
applied to nanostructured paramagnetic systems



ELETTRA

https://www.elettra.eu/userarea/apbt.html

2 parts: 
- a module to be filled at the facility site, 
including abstract and details on the beamline-end station and safety form
-two pages for background, goal of the proposal, experiment description, expected results



https://www.elettra.eu/userarea/apbt.html

EXAMPLE: Characterization of a new material



a-Si:H properties 

The specific band gap structure depends on the deposition 
conditions and film treatments (contacts, irradiation etc) 

Impact on the device performance

unsaturated 
7%

saturated 14%

oversatur 18%

Density 
Functional 
Theory DFT 
calculations 
DOS vs Si-H 
bonds Legesse
et al 2014



probably most important part ! 
• equivalent to abstract of scientific paper, one paragraph 
• clear statement on essence of proposal – what are you trying to do, how you intend to 
do it, and why you are doing it (impact, importance of study) 
• reviewers should understand exactly what the proposal is about from this summary; 
details are given in the following sections 



give scientific drivers; single proposer unlikely to perform experiment single-handedly 
only include beamline staff if they are one of scientific drivers; ask permission 



Experimental Requirements

Beamline, Scientific Area, Societal Theme and Type of Science 
• careful and informed choice 
• correct beamline (target the proposal) and correct beam time 
in shifts 
• scientific area, societal themes and science type are all fed 
back to funding partners to monitor Facility activity 

Ask beamline scientists



……….

……….
Include motivation of the selected technique related to the 
information we want to get
avoid vague or too broad aims 
• preliminary measurements or characterization recommended 
when appropriate 

set the scene for the interest of your research 
• reviewers from many different backgrounds 
• indicate fundamental and societal importance of your work 
• lead to the open question stated in the summary 
• refer to any previous measurements or preliminary characterization 



Crucial

The plan must be clear, specific and feasible in the requested time
• exact description of how are you going to carry out the experiment; strategy 
• details and quantity of samples 
• technique and setup; special requirements 
• show reviewers you are ready and prepared 
• allow beamline scientists to make a technical feasibility assessment 
• prior discussion with beamline scientist is strongly advised 

what results you are expecting how these results will allow you to answer the specific 
question(s) stated in summary 





ESRF
2 parts: 
- a module to be filled at the facility site, 
including abstract and details on the beamline-end station and safety form
-two pages for background, goal of the proposal, experiment description, expected results

https://www.esrf.fr/home/UsersAndScience/Applying.html



……

…… Max 2 pages
If resubmitted, previous runs reports 



D4h splitting of 3d orbitals

Adapted from The Journal of Physical Chemistry C,  2010 114 (49), 21638-21644C

Metal organic complexes: 
Phthalocyanines, Porphyrins

Phys. Chem. Chem. Phys., 2025,27, 11762-11779

Macrocycle molecular orbitals

TPP2-

Pc2-

Metal 3d electronic configuration

Open-shell 3d7 complexes
(CoTPP, CoPc)

Closed-shell 3d10 complexes
(ZnTPP, ZnPc)

Central transition metal atom  differences in 
paramagnetic properties (FePc, CoPc etc)



EXAMPLE: XMCD at L2,3 Metal of paramagnetic
Phthalocyanine arrays on Au(110) Magnetic properties

Gargiani et al. PRB 2013

S=1 S=1/2 S=1/2

PERUGIA 2025

XMCD Results on MPc Films

L2,3 XAS
2 p  3d empty orbitals
2p   s      1/5 intensity

Array formation on Au(110)
Proposal scientific question: how 
the paramagnetic properties of 
Phthalocyanines are changed after 
interaction with the substrate and 
array ordering formation 

FePc CoPc CuPc



Sample environment
 Surfaces  electron spectroscopies

Ultra High Vacuum

 XAS Transmission and Fluorescence
also Vacuum or Air

 Liquids samples 
 Special cells/Liquid microjets

Sample dimension  
Damage





High photon flux
Variable polarization
High resolving power
High magnetic field
UHV end station

Beamline staff
+
Committee





Committee



Feasibility
Beamline staff

Feasibility
Beamline staff
+
Committee 



Final results XMCD at L2,3 Metal applied to paramagnetic
Phthalocyanine arrays on Au(110) Magnetic properties

Gargiani et al. PRB 2013

S=1 S=1/2 S=1/2

PERUGIA 2025

L2,3 XAS
2 p  3 d empty orbitals
2p   s 1/5 intensity



Before beamtime

• Contact staff for the schedule
• Ask details on the sample mounting, etc

• Agreement with the beamline staff: 
• Who makes the analysis?
• Collaboration or independent publication+acknowledments



After beamtime

• Remove the samples
• Transfer data
• Control the data analysis codes and the conditions to use them
• Write the report of beamtime (1-2 month of time)

• Agreement with the beamline staff: 
• Who makes the analysis? 
• Collaboration or independent publication+acknowledments

• After publication add it to the facility database



Resubmission



Tutorials

ILL: 
https://youtu.be/R3tOpLvKQm8

ESRF: 
https://www.esrf.fr/files/live/sites/www/files/UsersAndScience/UserGuide/Applying/Advice_o
n_writing_a_good_proposal.pdf

Users Support Programs

Data analysis procedures and codes 



Thanks!
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Theory

 EuSpec Modern Tools for Spectroscopy on Advanced Materials: a European 
Modelling Platform COST Action www.euspec.eu

 D. Sebilleau, K. Hatada, H. Ebert Multiple Scattering Theory for Spectroscopies 
Springer Verlag 2017


