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Traditionally, optical lattices are created by interfering light beams, trapping atoms at 
minima or maxima of the emerging interference pattern. However, the resulting 
potential acting on atoms must follow the structure of the light field. Consequently, 
the optical trap is limited by diffraction, restricting the characteristic distance over 
which standard optical lattices can change to be no smaller than half the optical 
wavelength [1, 2]. 
In this work we use the Lambda coupling scheme [3, 4, 5] (Fig. 1a) with a control field 
containing two orthogonal standing waves (one of which is out-of-phase, Fig. 1b) to 
engineer a two-dimensional optical lattice with sub-wavelength characteristics by 
means of the geometric phase for the coherent dark state. By using two parameters: 
1) the phase difference of the OOF standing wave, and 2) the amplitude ratio of the 
two orthogonal standing waves, one can control the tunneling parameters. The non-
zero phase difference introduces a synthetic magnetic field which can be tuned to 
realize a weakly interacting tube model [6]. 

 

 
Fig. 1. (a) Lambda coupling scheme. (b) Scheme of the control field Ω2(r). 
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