Synthetic gauge fields in synthetic
dimensions
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Recently it was suggested to extend the dimension of optical lattices by using atomic internal Dispersion branches
degrees of freedom as an extra dimension [1]. Here we demonstrate that one can engineer a

two-dimensional lattice with nonzero synthetic magnetic flux using atoms in a standard (a) (g = 0.14¢
one-dimensional optical lattice |2]. The additional dimension appears due to laser-assisted
transitions between the atomic sub-levels in the ground state manifold. The synthetic
magnetic flux is generated by a combination of an ordinary tunnelling in the real space and
laser-assisted transitions characterised by the complex amplitudes in the extra dimension. A
distinctive feature of the proposed scheme is the sharp boundaries in the extra dimension, a
feature that is diflicult to implement for the atoms in optical lattices in the real-space. The
boundaries of the extra dimension can be closed down using additional laser-assisted
transitions. Closing the boundaries of the extra dimensions leads to a remarkably simple
realisation of the fractional (Hofstadter butterfly-type) spectrum.
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Combination of real and extra dimensions yields Sharp boundaries in extra dimension
strong and non-staggered magnetic flux v = ka Conducting edge states in extra dimension
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