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The study of strongly correlated regimes using the versatile cold-atom systems is a long-
standing challenge for physicists. The charge neutrality of the atoms and the consequent absence 
of a Lorentz force are strong limitations towards the observation of an atomic analogy of the 
celebrated Fractional Quantum Hall Effect (FQHE) for example. 

The experimental realization of rotating degenerate quantum gases evidenced by the 
observation of quantized vortices as a hallmark of superfluidity demonstrated the potential of 
atomic systems to simulate charged particles subject to a uniform magnetic field. However, due 
to centrifugal forces and technical issues this method turned out to be of limited use. 

Recently, several proposals (see [1] and references therein) showed that preparing 
coherent combinations of Zeeman sub-states of atoms which evolve slowly enough to follow 
adiabatically an appropriate laser field configuration could drive the matter wave to acquire a 
geometric or Berry phase [2]. This phase translates into an artificial vector potential and 
consequently into a non-vanishing synthetic magnetic field which could be used to engineer a 
Lorentz force-like for atoms. 

We present a practical scheme where atomic populations of a degenerate spinor system 
are driven by appropriate laser arrangements leading to the appearance of gauge field structures. 
The use of realistic parameters and atomic spectral data make of this method a receipt to 
implement quantum simulators of gauge fields including the general class of non-abelian (non-
commutative) gauges, so far never observed for atoms.        

Simple gauge fields were lately experimentally demonstrated [3] and the field is getting 
more and more interest since it is expected to give birth to a novel set of exciting effects i.e. 
double and negative reflection, the non-Abelian Aharonov-Bohm effect, the quasi-relativistic 
behavior of cold atoms, or spin-orbit coupled BECs (see figure below). 
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Density (left) and phase (right) plots of 
the ground state of a spin-orbit 
coupled BEC in a dark state 
configuration. The non-abelian gauge 
field induced here leads to an unusual 
distribution of the atoms with a 
topological excitation (vortex) in the 
center of the BEC.  
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