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Geometrical Berry phase in GaMnAs thin films 
 

Bloch’s theorem states that inside a crystal, the electronic wave-function with 
momentum k in band n takes the form ψ(r) = eik.runk (r) , where the plane wave part eik.r  
describes the long distance physics of the system while unk (r)  captures the short (atomic) 
distance physics. When an electron wave-packet evolves adiabatically (under a perturbation 
like an electric field for example), the wave-function picks up the so-called band structure 
Berry phase, γ = i dk∫ . unk (r) ∇k unk (r) . This geometric phase is intrinsically related to the band 
structure and therefore ubiquitous in condensed matter. This concept has recently emerged as 
a key ingredient to give a deeper physical insight on the nature of well-known phenomena 
such as the anomalous Hall effect in ferromagnetic conductors. 

GaMnAs is a ferromagnetic semiconductor. The magnetic ordering of the Mn 
localized moments arises from their exchange interaction with the delocalized carriers (holes) 
in the valence band. Conversely the magnetization magnitude and orientation strongly affect 
the valence band structure, by splitting the energy bands and generating band crossing. These 
crossing produce, in turn, magnetic monopoles-like in k-space, a major source of Berry phase 
for the carriers.  

During this internship, we will be exploring Berry phase related phenomena in 
magneto-transport experiments. We will be probing this phase either indirectly in the 
diffusive regime, through the anomalous Hall effect, or in the mesoscopic regime, where 
quantum interferences give a direct access to the geometric phase (in nano Hall bars or 
Aharonov–Bohm rings). 
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