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— 2Dipartimento di Fisica, Politecnico di Torino, Corso Duca degli
Abruzzi 24, 1-10129 Torino

Resonantly enhanced tunnelling (RET) results from the interplay be-
tween quantum tunnelling and the discrete energy states of particles
confined in potential wells. In spite of the fundamental nature of this
effect and the practical interest, it has been difficult to observe experi-
mentally. Since the 1970s, much progress has been made in construct-
ing superlattice structures in which RET of electrons was demonstrated
for the first time in 1974. Here we show that resonant tunnelling can be
observed using Bose-Einstein condensates in accelerated optical lattice
potentials. The near-perfect control over the parameters of this system
allows us to prepare the condensates with arbitrary initial conditions
and also to study theoretically and experimentally the effects of non-
linearity and a loss of coherence. Our approach can be generalized to
studying noise and thermal effects in resonant tunnelling and under-
lines the usefulness of Bose-Einstein condensates in optical lattices as
model systems for the solid state.
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The interplay between the atom-atom interaction and the mobility is
the dominant parameter governing the dynamics of many strongly cor-
related systems of ultracold atoms. The most elementary realization of
such a system is a set of two potential wells occupied by two interacting
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atoms which can tunnel through the central barrier. By superimposing
the periodic potentials of two standing light waves with a periodicity
of 382.5nm and 765nm and controllable relative intensity and phase,
we create a one-dimensional array of double wells with adjustable tun-
nel coupling. Additional standing waves on the two orthogonal axes
provide axial confinement, creating a three-dimensional array of up to
105 double wells occupied by one to two 87Rb atoms each. By initially
loading only one side of each double well before initiating the tunneling
dynamics, we can directly observe the dynamics of single atoms as well
as of atom pairs. Since the ratio of the tunneling matrix element J and
the on-site repulsive interaction U between two atoms can be modified
in a wide range, the crossover from a tunneling- to an interaction-
dominated regime can be observed. Here, the independent motion of
two atoms changes to a correlated tunnel process of the pairs.
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We investigate the nonlinear dynamics of two coupled annular Bose-
Einstein condensates. We demonstrate that for certain values of the
coupling strength a non-rotating state with uniform density is unstable
with respect to fluctuations in higher angular momentum modes. We
analytically derive the two-branched Bogoliubov spectrum and show
that there exist distinct regions of instability enabling one to selectively
occupy certain angular momentum modes. Carrying out a numerical
propagation of the Gross-Pitaevskii equation we observe after a suf-
ficiently long evolution time the spontaneous emergence of angular
momentum Josephson oscillations which break the chiral symmetry of
the initial state.
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