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Scaling localization of insulating states in Anderson transition 

 

In a disordered or random solid, electronic states can display a fascinating property, the strong 

localization of their wavefunctions, which means that these wavefunctions are concentrated in 

a very limited region despite the absence of any apparent confining potential. By changing the 

spatial distribution of electrons, wave localization can heavily impact the macroscopic 

transport properties of the system. It is believed for instance that this phenomenon is 

responsible for the metal/insulating transition in disordered alloys. 

Yet, the mechanism of the disorder-induced localization, 

discovered in 1958 by Anderson (who was awarded the Nobel 

Prize in 1977 for this discovery), still remains to this day 

mysterious for a large part. In particular, until recently it seemed 

very difficult or even impossible to predict the location of the 

localized states in a specific sample, or to pinpoint the transition 

between localized and delocalized states at higher energy. Our team 

has recently achieved a breakthrough in this field by proposing a 

new geometrical approach to localization [1].  

This theory of localization has been shown to be not limited to quantum states, and can be 

applied in fact universally to all physical vibrations. The proposed internship will consist in 

analytically and numerically develop this approach to study the conduction properties of a 

disordered electronic system. More specifically, we want to understand the geometrical 

features of the insulating-conducting transition, and to predict its critical behavior in 

temperature as a function of the disorder amplitude. 

This work is conducted in collaboration with the department of mathematics at the Université 

Paris-Sud (Orsay) and the School of Mathematics of the University of Minnesota. 

Collaborations with experimentalists from Institut Langevin and Institut d’Optique will also 

be pursued. The intern will carry on theoretical calculations as well as numerical simulations 

to derive the geometrical properties of the system in the vicinity of the transition, to predict 

the critical exponents emerging from the theory. The relationship between the type of disorder 

(correlations) and the properties of localization will be closely examined. These analytical 

calculations will be confronted to numerical and experimental results. 

[1] M. Filoche and S. Mayboroda, “Universal mechanism for Anderson and weak localization”, Proc. 
Natl Acad. Sci. 109 (37) 14761-14766 (2012). 

 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject : 

 

Condensed Matter Physics:  YES     Macroscopic Physics and complexity: YES 

Quantum Physics:  YES     Theoretical Physics: YES 

Localized states in a random 

potential, together with the 

subregions predicted in [1]. 
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