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Abstract

We introduce dynamical simulations of topological edge-
states in a harmonic synthetic dimension [1].

Our work hopes to prepare a University of Birmingham
experiment to explore such states in this tunable platform.

Synthetic dimensions [2][3] are a tool
used in quantum simulation of
toplogical models [4].

They are a set of states coupled
together to emulate a 1D spatial
dimension [4].

Synthetic

Consider a 1d atomic cloud Iin a
harmonic potential with frequency
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A Is the harmonic state index, h = 1.
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capture the physics

Hp=AD AN+ AIA-1D\e®+hel,  (Eqn. 1)

Jris V(t) dependent and forms a synthetic dimension. The
detuning acts as a force.

A 2D coupled-wire model

We generate a 2D coupled-wire model [6] by
unfreezing the trap along y, engineering a y dependent
Peierls phase ¢(y) via V(t) and setting A =0
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This model is known to lead to PCB along y
topological edge-states.
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Experimental implementation

The platform is a ultracold Rb-87 gas LyE/éperlmental Potential

confined in an optical dipole trap
with V(t) induced via a digital
micromirror device.

Initial results for a 1D set-up have
observed Bloch oscillations [7].

Currently setting up 2D system.

Edges in synthetic space

The lowest energy state provides a lower Square well edge

edge in synthetic space. There is no clear
upper edge. width = 2/ 2Aedge

A square well in x can induce a tunable
edge.

Results

To prepare for the experiment we developed non-interacting
simulations.

The following physics is seen by excluding thermal effects

Gaussian wave-packet density plots of chiral trajectories in synthetic space
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Introducing thermal effects into the initial state and
comparing synthetic and real space provides a more realistic
picture,

Thermal wave-packet density plots of chiral trajectories in synthetic space

25-10 () 8

O SEIL) Sl -
_JF§ y 25-25 y 25-25 y
nacket density plots of chiral trajectories in real space

Thermal wave-

Specific Parameters:
w =21 X 200H z
wy = 21 X SH 2

wg = 21 X 200H 2
Vdepth — 1,&]{

T = 20nk

Viar = 3.8nk
25 25-25 U  25-25 Y 25 ¢=02(um)”"

These simulations provide a clear observable for the
experiment to study these topological edge-states.

Future Work

Effect of mean-field interactions in harmonic synthetic
dimension on 2D vortices.

We will study how they alter the 2D vortex lattice for the
Hofstadter and coupled-wire models.
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