Measurement of the spatial coherence of a trapped Bose gas at the
phase transition
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Bose-Einstein condensates and atom lasers show fascinating interference phenomena on a
macroscopic scale. The formation of an interference pattern depends fundamentally on the
phase coherence of the system, which can be quantified by the spatial correlation function.
Phase coherence over a long range [1, 2, 3] is the essential factor underlying Bose-Einstein
condensation and related macroscopic quantum phenomena, such as superconductivity and
superfluidity.
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Figure 1: Interference pattern of matter-wave beams emitted from two spatially separated
regions of a trapped Bose gas for different temperatures T of the trapped gas below and above
the transition temperature 7,. (a) T < T, (b) T < T, and (c) T > T,. The frequency
difference between the two components of the radio-wave field was 1000 Hz which corresponds
to a slit separation of 465nm. The plots next to the images show 21 ym-wide vertical cuts
through the centres of the absorption images.

Here we report a direct measurement of the first order spatial correlation function of a



weakly interacting Bose gas [4]. Using a radio-wave field with two frequency components we
effectively create a double slit for magnetically trapped atoms. The spatial correlation func-
tion of the system is determined by evaluating the visibility of the interference pattern of two
matter waves originating from the spatially separated ’slit’ regions of the trapped gas (Fig. 1).
Above the critical temperature for Bose-Einstein condensation, the correlation function shows
a rapid gaussian decay, as expected for a thermal gas. Below the critical temperature, the cor-
relation function has a different shape; a slow decay towards a plateau is observed, indicating
the long-range phase coherence of the condensate fraction. The observed interference pattern
furthermore showed a reproducible phase for temperatures of almost pure condensates up to
the transition temperature.
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