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Optical lattices are created by trapping atoms at nodes or
antinodes of a standing wave of light
The Kagome lattice is a 2D star shaped lattice that is
“geometrically frustrated,” meaning it has multiple
degenerate ground states, which is interesting for
condensed matter applications [1] Kagome Lattice [2]
The same beam setup can be used to create other
interesting geometries, such as the honeycomb lattice
The goal of this project is to upgrade the vertical lattice
dimension to have tunable spacing in order to load a
single layer of the vertical lattice at large spacing and Honeycomb Lattice [2]
then compress it to the desired confinement strength
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The most critical parameter of the accordion lattice is the minimum spacing, which
determines the maximum oscillation frequency of atoms and thus the spacing between

energy levels
* The goalis to keep all of the atoms in the ground state of the vertical lattice

This oscillator frequency w can be approximated in the strong confinement regime by
treating the lattice potential as a harmonic oscillator

For our system (using available beam powers and a waist of 50 um), we calculated that
W = 2T X 22 kHz

This is large enough to be safe from thermal excitations at k,T/h = 21t x 2 kHz, but is not
much greater than the energy spacing of the honeycomb lattice w = 21t x 17 kHz

532 nm beam gets to breadboard through a fiber

Beam translation accomplished by an acousto-optic deflector
placed at the center of a telescope, providing 44 mrad angular
deflection = % inch translation at 250 mm (so L2 = 250 mm)

AOM chosen over a translation stage due to the faster response
time and decreased potential for vibrations

Design is compatible with either an expanding or a 1:1 telescope
around the AOM

This can be used to either decrease the vertical beam waist at the atoms or
preserve the initial beam size

Mirrors and AOM are attached to breadboard at fixed locations
but lenses are clamped, allowing fine positioning
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Breadboard will inevitably be tall and skinny (15 12" x 4" x 12") so
needs to be as rigid as possible to damp vibrations

Also needs to be non-ferromagnetic -> chose to use bronze

Beam height chosen to be 1.34" to enable using standard off-the-
shelf optical mounts

Base is the largest piece of bronze that will fit in the footprint on
the lower optical table

Where possible, 2" optics were used to save space
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* Optics will be set up and aligned on a
side bench

« After leaving the breadboard, the
accordion lattice beams will be sent into
the chamber via a final mirror on the
horizontal lattice breadboard

 The beams will enter the chamber at a
small angle from the lattice beam B
output

« Test lattice worked as
expected

e Breadboard machining
currently in progress

« Accordion lattice will be
implemented on new
potassium-40 experiment
currently being set up
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Lattice potential needs to stay
overlapped with the atomic
cloud/horizontal lattice potential as
spacing is tuned

Regular (singlet) lenses have spherical
aberration, creating slightly different
focal lengths at different positions on
the lens [4]

Decided to order custom f =150 mm
aspheric lens to avoid this

science
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