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Fig. 1. Foundations of scalar diffraction theory of SLM.
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Fig. 2. Flow chart of iterative GSW algorithm.
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Fig. 3. Experimental configuration: (a) SLM setup; (b) imaging setup; (c) accordion lattice setup (CCD, charge coupled device;

PBS, polarizing beam splitter, BD, beam dump; FM, flip mirror; DM, dichroic mirror; PD, photodiode detectors; AOD, acousto-

optic deflector).
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Fig. 4. Composition of the phase pattern (up) and the optical intensity distribution (bottom): (a) Optical lattice phase diagram ob-
tained by GSW algorithm, zero-order light and target lattice mixed together; (b) blaze grating pattern; (c) final phase pattern.
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Fig. 5. Performance comparison of different theoretical algorithms (Row 1, phase patterns; Row 2, optical intensity distribution):
(a) SPL algorithm; (b) SR algorithm; (¢) RM algorithm; (d) GSW algorithm.
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Fig. 6. Twisted-bilayer graphene-like optical lattice.
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Fig. 7. Intensity control: (a) Inhomogeneous optical lattice; (b) optical intensity profiles along the dashed lines on panel (a).
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Abstract

The ultra-cold atomic system is a clean and highly controllable quantum system, which can be used for
quantum simulation of important physical problems in many fields such as condensed matter physics, high-
energy physics, astrophysics, and chemical reactions. The constructions of optical lattices with different
configurations are an important prerequisite for simulating diverse complex quantum systems, especially solid
materials. In this work, we use weighted Gerchberg-Saxton algorithm to generate holograms. By using liquid
crystal spatial light modulator and high-resolution imaging system, holograms (in momentum space) are
transformed into images in real space for constructing various two-dimensional (2D) optical trap arrays, such as
simple triangular, hexagonal, square lattice and more complex honeycomb lattice. We load 8"Rb ultra-cold
atoms into the 2D optical trap arrays with a minimal spacing of 3 um in between. This method is versatile and

flexible, which is helpful in expanding the application scope of quantum simulation with optical lattices.

Keywords: weighted Gerchberg-Saxton algorithm, spatial light modulator, optical lattice, high-resolution

imaging
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