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Recent advances in cold atoms trapping allow for creating a multiply connected (toroidal) Bose-Einstein condensate (BEC) by means of 
all-optical dipole traps. These traps can be created, e.g., by perpendicular crossing of two laser beams, one of these being a 
Laguerre-Gaussian (LG) [1] beam. Such a trap provides a quasi 1D (circular) smooth enough potential allowing for excitation of the atomic 
superfluid persistent (long-lived) current [2]. We propose to use optical potential created by two counter-propagating LG beams with opposite 
winding numbers. These beams create  a periodic potential closed around the circle instead of  the single peaked potential of [2]. This optical 
lattice acts as a circular Bragg grating for atomic superfluid states. When the amplitude of the lattice is low compared to the kinetic energy per 
atom and the Bragg (resonance) condition is fulfilled the lattice couples states with the same magnitude but opposite sign of the orbital 
angular momentum (OAM), hence restricting the evolution to the two dimensional Hilbert space. An analog of double well/spin half BEC [3] 
is created this way. 

Trapped BEC: Circular optical lattice:Laguerre-Gaussian beam:

Notation: Pseudospin operators:

The final Hamiltonian for trapped BEC in two-mode 
approximation:

Ramsey interferometry with squeezing [4]:

Linear interferometer: Nonlinear interferometer: Sensitivity improvement over the linear case: 
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