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Quantum simula+on involving delocalized Floquet states
Our group is inves-ga-ng quantum simula-ons with ultracold atoms in -me-modulated la8ces. In a
recent publica-on [1,2], we have demonstrated experimentally how quantum transport can be
mediated by a delocalized state with the study of an amplitude-modulated quantum pendulum. For
this purpose, we have placed a Bose Einstein condensate in a -me-dependent 1D op-cal la8ce in a
parameter range for which the corresponding classical phase space is par-ally chao-c, i.e. made of
stable islands surrounded by a chao-c sea. The chao-c sea encapsulates delocalized Floquet states
(DFS) that play a key role in the coherent quantum transport between islands, and explain the
resonances that we have observed in the transport.
The ﬁrst goal of the Master internship consists in demonstra-ng the long range character of the
coherent coupling between islands mediated by a DFS, in a regime similar to [1,2]. We have
theore-cally inves-gated several experimental techniques that can be envisioned to extract
quan-ta-vely the coupling coeﬃcients between islands depending on their rela-ve distance. This
work opens very interes-ng perspec-ves for quantum simula-on, as it allows to access models
involving long-range hoppings, inaccessible so far.
The second goal of our research (to be studied during the PhD following the internship) is to
inves-gate the role of interac-ons in DFS assisted transport. This ques-on is related to decoherence
in quantum mechanics. A solu-on to account for interac-ons is a descrip-on by a Bose-Hubbard-like
model, currently under inves-ga-on by our collaborators from the LPT (Laboratory of Theore-cal
Physics) in Toulouse. The close comparison between experimental results and the theory will provide
a testbed for quantum simula-on. We also plan to study the quantum transport mediated by
delocalized states in the strongly interac-ng regime. This is so far an untouched domain, which is
accessible on our experimental setup with extra op-cal la8ces and appropriate -me-dependent
controls.
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