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Investigation on the interaction between highly charged ions  
and surface magnetic domains  

The purpose of this internship is the characterization of the surface magnetization of samples 
by a grazing collision with highly charged ions. The X-ray emission that results from the 
collision depends on the alignment of the spins of the captured electrons, which can provide 
information on the presence or absence of magnetic domains. In a first step, this will be 
studied by varying the temperature of a nickel and/or LaSrMnO monocrystalline samples and 
by studying the X emission in the presence or absence of magnetic domains (ferromagnetic 
phase is present at low temperature while the paramagnetic phase appears at high 
temperature). Then the study will be extended to other 
surfaces as the antiferromagnetic FeRh crystals and 
nanostructured surfaces. The detection of the presence of 
magnetic domains with highly charged ions represents an 
alternative to conventional methods used so far, such as the 
Kerr effect, X-ray dichronism, neutron scattering, etc. In 
addition, the interaction of the ions being limited to the first 
atomic layers of the sample, it allows to probe magnetization 
of the surface only, which is difficult to access by other 
methods. Past experiments based on electron emission and 
relatively low charged ions demonstrated the possibility to 
detect the presence of magnetic domains via the ion–surface interaction (Unipan et al., PRL 
2006). These first experiments produced only qualitative results, impossible to be employed 
for unknown sample characterizations. This is mainly due to the complex electron emission 
spectra and their high sensitivity to the environmental conditions. The goal of the present 
project is to extend and improve this method employing X-ray spectroscopy, for a much 
clearer investigation of the ion-surface interaction and a deep characterization of unknown 
magnetic properties of the first layers of surfaces.  
   The Ph.D. project will be centered in the new dedicated experiment, which is being set up at 
our SIMPA facility, a platform equipped with its highly charged ion source and its low energy 
beam line, where a dedicated collision chamber is mounted. The collision dynamics being 
very sensitive to the composition of the first layers of the sample, the surface will be prepared 
and controlled in an ultra-high vacuum chamber fully equipped. 
   Used techniques: The student will become familiar with the techniques of data analysis, X-
ray and Auger spectroscopies, she/he will also approach the methods of production and 
transport of multicharged ion beams using an ECRIS (Electron Cyclotron Resonance Ion 
Source) on the Source of Multicharged Ions of Paris platform (SIMPA - INSP / LKB). 
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Condensed Matter Physics:  YES/                     Macroscopic Physics and complexity: /NO 
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Interaction between a multicharged ion 
and a surface. In the collision, the ion 

can capture one or more electrons from 
different depths of the surface. 


