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Abstract

In the field of quantum simulation, where a well-controlled quantum system is used to

emulate another one, cold atoms are a platform of ever-growing importance. In this domain,
most experiments are performed on systems with either a fully integrable or chaotic dynamics.
We have developed an alternative path in an intermediate regime of mixed phase space. Such
a configuration allows a wave packet to tunnel between two stable islands embedded in a
chaotic sea. In this case, the transport can be mediated by a delocalized state from the
chaotic sea, leading to chaos-assisted tunneling. This phenomenon permits a new type of
control in quantum simulation through complexity.
Using a Bose Einstein condensate (BEC) placed in a deep optical lattice whose amplitude
is strongly modulated, we experimentally demonstrate for the first time quantum tunneling
resonances between regular islands that are symmetric in position space. These resonances
are characterized by a large variation of the tunneling rate when a parameter of the system
is varied. The detailed analysis of tunneling resonances reveal the intermediate states that
mediate the transport through the chaotic sea. We also show how the diffraction pattern of
our BEC initially placed at different positions in phase space enables us to reconstruct the
classical phase space, namely realizing a phase space cartography. As we consider islands
that are symmetric in position, the resulting system is a tunable superlattice with chaos-
assisted hoppings. This work paves the way to a new type of quantum simulation involving
long-range hoppings.
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