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Subject description :The “Interfaces, multimaterials, x-ray sources and optics” team of the 
LCPMR is working since many years on the development of periodic nanometric multilayers 
for their application as optical components in the extreme UV and soft x-ray ranges. The team 
is also developing original characterization methodologies of these multilayers, as their 
optical performances strongly rely on the quality of their interfaces, particularly on the 
development of inter-diffusion. To probe interfaces, we aim at using the standing wave 
(XSW) technique combined to x-ray fluorescence spectroscopy (XRF) and particle induced x-
ray emission (PIXE) to perform the in-depth characterization of multilayer stacks	  of	  period	  
equal	  to	  several	  nanometers, with a depth resolution of about 0.1 nm. 

A strong standing (SW) wave field is generated within a periodic multilayer (or a 
crystal) when it is irradiated by an incident x-ray beam under the Bragg condition, i.e. when 
the glancing angle fulfils the Bragg diffraction law for both the incident radiation of given 
wavelength and the stack of given period. The generated standing wave has the period of the 
multilayer. By slightly changing the glancing angle it is possible to shift the position of the 
nodes and anti-nodes of the SW electric field and so to selectively excite some precise 
locations of the stack, the centre of the layers or the interfaces. 

The x-ray standing waves will be used to generate x-ray fluorescence. Generally this 
kind of experiment is performed at low spectral resolution (energy dispersive spectrometry). It 
will be one main goal of the thesis to perform high-resolution XRF or PIXE associated to 
XSW by using a crystal spectrometer (wavelength dispersive spectrometry). This way, we 
expect make the depth determination of the chemical state of the emitting atoms and thus 
understand the physical-chemical phenomena taking place at the interfaces of the nanoscale 
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multilayers. The above-mentioned experiments will be performed on a beamline of the 
SOLEIL synchrotron radiation facility and also on a beamline of the particle accelerator of the 
SAFIR facility of Sorbonne Université. 

To design the multilayers, prepare the planned experiments and then analyse the 
obtained results, the candidate should make some theory and simulations, based on the 
resolving of the Maxwell equations in periodic media. He/she should improve some dedicated 
codes to adapt them to the present research topics. He/she will also participate to the 
deposition of the sample on the LCPMR apparatus. The team is collaborating on this subject 
with French and Chinese optical institutes as well as with scientists of synchrotron and 
particle accelerator beamlines. The candidate should make the link between the different 
participants in order to insure an efficient and fruitful collaboration. He/she will participate to 
the installation, tests and measurements of the crystal-based spectrometer. 

In summary, the student should have strong theoretical knowledge in x-ray physics 
and possibly in x-ray optics. In addition, he/she should have good knowledge in materials 
science in order to select systems, particularly metal/metal, well suited to the development of 
the XSW-XRF methodology. This should be combined to good experimental and simulation 
skills in order to perform the sample depositions, the laboratory and synchrotron experiments 
and treat the data. Finally, good writing skill in English is required in order to propose high 
impact subjects to synchrotron selection committees and to write convincing scientific 
reports, communications and papers. 
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