Exploring the Fermi-Hubbard model with a quantum gas microscope
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Ultracold fermions in optical lattices have emerged as a powerful tool in the quantum simulation of the Fermi-Hubbard model. With access to full density and spin resolution [1], our 6Li quantum gas microscope has enabled the study of the interplay between spin and charge in doped antiferromagnets. In 1D, the phenomena of spin-charge separation decouples the spin and charge degrees of freedom, creating holons and spinons. We probe this phenomena by locally addressing an antiferromagnet to form holons and spinons and dynamically observing their propagation [2]. In 2D, the competition between the spin and charge degrees of freedom leads to the formation of a polaron. We identify the formation of such a polaron by looking at the dressed spins around a dopant [3].
To cool, trap and image the 6Li atoms, we use six ECDL lasers at 671nm. We develop an all-solid state narrow linewidth laser source with high power at this wavelength. The source is based on an optically amplified, frequency-doubled 1342nm home built linear laser. Optical amplification is achieved in five stages, using a Nd:YVO4 crystal. Such a laser system would increase stability of our experiment.
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