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Swiss Light Source (SLS)

Swiss Spallation Neutron Source (SINQ)

Swiss Free Elecron Laser (SwissFEL)

Swiss Muon Source 

(SμS)
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Case study grading scheme
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A) Goal of experiment

max 4 points

B) Background

max 4 points

C) Experimental method

max 8 points 

D) Results expected

max 8 points

E) Estimate and justification of the beamtime

Max 2 points

F) References relevant to the experiment description

Max 2 points
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Goal of experiment The main goal of the experiment is stated, together with eventual minor goals. How the 
goal will be achieved and why the experiment is interested is described concisely.  

Background The background explains the concepts that are needed to understand the proposal. 
Previous research within the field is described as well as why this specific experiment is 
scientifically important.

Experimental method The experimental method is stated together with the requirements of the setup needed 
to perform the experiments (for example; energy of the beam, length scales and sample 
stages) with explanation It is explained how this experiment will be correlated to other 
techniques to obtain the goal stated.

Results expected The hypothesis /expected results of the proposed experiment are stated together with 
strong arguments and previous results. From other techniques specified in the 
experimental methods, the correlations between the different results from the different 
experiments are explained.  

Estimate and justification
of the beamtime

It is explained why the experiments should take place at a large-scale facility with the 
specified method. There are arguments for the choice of beamline and why it fits the 
proposed experiments.  

References relevant to the
experiment description

Appropriate citation of reference, work on multiple sources, including scientific articles.



XRF in cultural heritage
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Vincent van Gogh, Patch of Grass, Paris, summer 1887, 

Kröller-Müller Museum, Otterlo. 

Dik, J., Janssens, K., et al. Analytical Chemistry, 80(16), 

6436–6442. 
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Vincent van Gogh, Patch of Grass, Paris, summer 1887, 

Kröller-Müller Museum, Otterlo. 

Dik, J., Janssens, K., et al. Analytical Chemistry, 80(16), 

6436–6442. 

Bi-tonal colour 

reconstruction of Sb 

(pale yellow) and Hg 

(red)



XRF on electromagnetic compatibility coating
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Sala, S., et al.  (2025) Radiation Physics and Chemistry, 229

coatings shielding electromagnetic interference containing dispersed 

MXenes (synthetic inorganic 2D materials)

test 3 different coating procedures for distribution of Mxene (Ti3C2)

Manganese and 

silicon contamination 

from the aluminum 

substrate

spin coating electrodeposition at 20V electrodeposition at 60V



XRF: Nanowires
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G. Martinez-Criado et al. Nano Lett. 2012 12, 5829-5834

multi-shell single core nanowire

→ synchrotron XRF for high resolution



Application example bone
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Long bone development

Endochondral ossification

• Cartilage template

• Primary ossfication center

• Growth plates
Hypertrophic zone

Ossification zone

Mineralized bone

D)

Proliferating zone

Resting zone

A), B), C) from Nowlan et al. 2007, Annals of the New York Academy of Sciences 

D) from Naski et al. 1998, Frontiers in Bioscience

Primary
ossification

center
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XRF: example embryonic bone development

2μm beam @ID13 ESRF
Ca

Zn

100μm

Silva Barreto, I., Le Cann, S., Ahmed, S., Sotiriou, V., Turunen, M.J. Johansson, U., Rodriguez Fernandez, A., 
Grünewald,T.A., Liebi, M., Nowlan, N., Isaksson, H. Advanced Science 2020MSE435 - Marianne Liebi

multi-scale:

overview scan

high resolution



XRF: Ca-concentration

Growth plates, forelimbs

Y

X

Hypertrophic zone Mineralized zone

TS24

TS23

TS25

TS26

XRF @NanoMAX

65-200 nm step size, 14 keV
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multi-scale:

overview scan

high resolution



XRF: Ca-concentration

Growth plates, forelimbs
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(same thickness and conditions!)
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XRF at synchrotron: high resolution and sensitivity!

fluorescence Ca mapping 

200 nm beam

embryonic bone @ NanoMAX MAXIV

50μm

100μm

intracellular Ca extracellular Ca

Silva Barreto, I., Le Cann, S., Ahmed, S., Sotiriou, V., Turunen, M.J. Johansson, U., Rodriguez Fernandez, A., 
Grünewald,T.A., Liebi, M., Nowlan, N., Isaksson, H. accepted in Advanced Science 2020MSE435 - Marianne Liebi

→ high resolution and high sensitivity



Nickel-based super alloy
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Zhou X. et al. Materials 2023, 16, 7163



Nickel-based super alloy
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calibration for quantitative 

measurements!

Zhou X. et al. Materials 2023, 16, 7163



Li-Ion battery
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Robert R. et al. Chem. Mater. 2012, 24, 2684−2691

Lithium Insertion into Copper Based Oxysulfides for Li-Ion Batteries

in-situ measurement

during charge and discharge



pharmaceutical formulations
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synchrotron XRF (measured in total reflection) –>  high sensitivity, quantitative

limit  of  detections LOD:

presence of impurities, in particular trace metals, in pharmaceutical formulations

in different labs and batches for quality control

Zucchi, O. L. A. D., et al . (2005). Instrumentation Science & Technology, 33(2), 215–227.



brain
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Hollings and Hackett, Spectroscopy Europe/World 2022, 34, 4
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