Tunneling, self-trapping and manipulation
of higher modes of a BEC in a double well
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Abstract

We consider a BEC trapped in a Duffing potential Vo(1 — 4(z/a)?)?, described by a second quantized
Hamiltonian [1]. We consider the four mode solution of the wavefunction W(z) = 3=, \/Njie' %14y (2 — 2;),
where v;(z—z;) is the localized wavefunction of a single particle in the well j € {L, R} in the mode ! € {0, 1}
and Nj;, ¢;,; are the number of atoms and phase of each mode. For given forms of the potential, we study
the dynamical behavior of population and phase imbalances such as 2y = N1 — N1 and 0, = ¢ 1 — ¢r.1,
which can be plotted on phase space diagrams. In Fig. 1 a) and b), we show that the excited modes can
exhibit a similar behavior as the ground modes such as tunneling and self-trapping [2] and we also show

the influence of the difference of population in the ground modes in Fig. 1 ¢) and d).

Figure 1: In a), the dynamics of the excited modes is entirely due to tunneling. In b), the increased
atomic self-interaction within each well allows for more complex features, such as self-trapping, for equal
population in the ground modes. In ¢) and d), the difference of population in the ground modes is gradually

increased.
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