
 

 

 

  2019-2020 
 

  Master thesis proposal 
 

 

 
Campus Pierre et Marie Curie 
Tower 23 – 3rd floor – 23-22 

Director: Massimiliano Marangolo 

 
Title:   Investigation of the interaction between highly charged ions  
and surface magnetic domains 
 
Keywords:  magnetic surfaces, highly charged ions, X-ray spectroscopy 
 
Scientific description: 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 monocrystalline sample and by studying the X-ray 
emission in the presence or absence of magnetic domains (ferromagnetic phase is present at ambient 
temperature while the paramagnetic phase appears at higher 
temperature). 
   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.  
   A new experiment on this topic has been setting up recently. The 
student will fully participate in these first steps and will be led to 
handle ion beams by controlling their energy, their charge state and 
their intensity. In particular he/she will use the SIMPA platform equipped with its ion source and its 
new low energy beam line eventually with the new electrostatic Omega structure recently developed 
to purify the ion beam in terms of charge state. The collision dynamics being very sensitive to the 
composition of the first layers of the sample, its surface state must be prepared and controlled before 
any collision. The student will learn several preparation techniques performed in a dedicated ultra-
high vacuum chamber equipped with an ion gun, an Auger spectrometer and a manipulator regulated 
in temperature. The interaction with the ion beam is taken place in another chamber in which a new 
precision goniometer is installed for the precise control of the irradiation conditions (angle of incidence 
mainly) and where the X-ray emission will be characterized by dedicated detectors. 
 
Techniques/methods in use: X-ray and Auger spectroscopies, production and transport of 
multicharged ion beams using an ECRIS (Electron Cyclotron Resonance Ion Source)  
Applicant skills: knowledge in atomic and/or solid state physics 
Industrial partnership: N   
 
Internship supervisor(s) (name, email, phone, webmail):     
Martino TRASSINELLI,  trassinelli@insp.jussieu.fr, Tel : 01 44 27 62 30 
 
Internship location:   INSP, Sorbonne Universités, campus Jussieu 
 
Possibility for a Doctoral thesis: Y (Ministry of research)    
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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. 


