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Summary of the subject (maximum 1 page) :

The recent technical advances in the control and manipulation of ultracold quantum gases
allow one to choose the geometry, the number of particles and to tune the interaction between
the atoms creating and excellent laboratory to study the mechanisms for the emergence of
quantum correlations in many-body systems [1,2].

A very interesting case, experimentally accessible, is the study of one dimensional systems, in
which quantum effects are enhanced and where differences between bosons and fermions
stemming from the quantum statistics give rise to exotic phenomena.

The aim of the project is the study of the ground state and the excitation spectrum of few
interacting fermions in a one dimensional harmonic trap (see recent experiments by S. Jochim
group [3]). The interatomic interaction is described by means of a contact interaction which
strength can be modulated. In addition, finite range interactions will be also explored. After
the study of the ground state and the spectrum, the system will be probed by exciting the
breathing mode. Its associated dynamic structure function will be calculated by using the
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matrix elements of the operator responsible of the
transition or by means of energy sum-rules evaluated by the
expectation value of certain operators in the ground state. It is relevant to

study the dependence of all these properties on the number of particles and the strength of the
interaction.

The project will make intensive use of exact diagonalization techniques in combination with
analytical methods to get physical insight into the systems.
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