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Excitation of Bose-Einstein condensates with temporal
resolution in separate zones

MACHADO, Leandro Alvares; MADEIRA, Lucas; SANTARELLI, Monica Caracanhas; BAGNATO,
Vanderlei Salvador; MIDDELETON-SPENCER, Holly; GALANTUCCI, Luca; BARENGHI, Carlo F.

lemachado@usp.br

Bose-Einstein condensates (BECs) produced with trapped atoms, are very well controlled quantum
systems. In the literature, studies on equilibrium BEC are well-consolidated. On the other hand, when we
consider BECs in the non-equilibrium regime, there is still a lot to be understood. The dynamics of out of
equilibrium quantum systems, are at the frontier of knowledge. BECs are extraordinary physical systems
to study quantum aspects of many-body physics. The evolution of these systems, when externally excited,
present interesting properties due to its quantum character, like the collective modes and the generation of
quantized vortices. (1) Even more, for strongly excited samples, BECs may reach the quantum turbulence
regime. (2) Our physical system is characterized by a BEC sample confined in a harmonic oscillator trap
and its externally excited by an oscillatory magnetic field that introduce perturbations and nonlinearities.
Our group has several works in this direction, but always using the same approach to excite the BEC
samples, that is, using a single pulse. Now, we are interested in studying these systems with separate
zones excitations instead of just a single pulse. This proposal of excitation is motivated by Norman
F. Ramsey experiment (3), which introduced the separate oscillatory field method to promote atomic
transitions between hyperfine states of atoms and it had important applications in atomic clocks and
modern interferometry. Similarly to the Ramsey’s experiment, we expect that interference phenomenon
should appear in our quantum many-body system. From recent results, we already noted interference
phenomenon in the collective modes evolution, like Ramsey fringes. For strongly excited samples using
the Ramsey-like excitation, we expect to be able to analyze the persistence of coherence in these samples,
indicating if the system becomes more disordered or not with application of perturbations. Thus, the
proposal of this work is the development of theoretical models and the elaboration of computer simulations
that will reproduce the experiments that are currently being carried out. These theoretical studies will
allow us to better understand the behavior of this system, and its response to external excitations.
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