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Controllable Eight-Well Optical Trap and the Two-Dimensional
Optical Lattices for Cold Atoms or Molecules
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Abstract We propose a novel scheme to form a controllable eight-well optical trap for cold atoms or molecules by
using an optical system of a binary n-phase plate and a lens illuminated by a plane light wave. We calculate the
intensity distribution of the eight-well optical trap and the characteristic parameters of the eight-well trap (including
geometric parameters, the intensity distribution, intensity gradients, and their curvatures), and discuss the
evolution process of the optical trap from eight-well to four-well or from eight-well to double-well. The result shows
that the proposed eight-well trap can be continuously changed into a four-well or double-well trap by moving the z-
phase plate. We discuss the controllable optical lattice of eight-well which comes from combination of binary n-phase
plate illuminated by single light beam and the rectangle lens combined system.

Key words atom or molecule optics; atom or molecule trap; controllable eight-well optical trap; binary n-phase
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Fig. 1 Schematic diagram of a ecight-well optical trap
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Fig. 2 Intensity distributions of the eight-well optical trap on the focal plane (x,0y,) of lens. (a) two-dimensional (2D)

intensity contours, (b) 2D intensity density distributions, and (c¢) intensity distributions for ¢ =100 pm, f =
500 pm, A =1.06 pm, P =100 mW, I, =2.5X10° W/m’, = = f
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Table 1 Calculation results on geometric and optical properties of each well in a eight-well optical trap

Axip /pm Ay /pm Az /pm Axy2 /pm Ayi2 /pm Az /pm AV /pm?
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Fig. 3 Evolution from eight-well optical trap to four-well one by moving phase plate along the x direction. (a) ~ (c¢)

intensity contours on the focal plane of lens, (d) ~ (e) 2D intensity distributions on the focal plane of lens for the

moving distance
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Fig. 4 Evolution from eight-well optical trap to double-well one by moving phase plate along the diagonal direction of x and

y coordinates. (a)~(c) intensity contours on the focal plane of lens; (d)~ (f) 2D intensity distributions on the focal

plane of lens for the moving distance
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