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classically, the apparatus shown in Fig. 2 can be regarded as a tool to 
investigate the spatial distribution of the transverse degree of free-
dom for a set of evolution times td from the double slit to the 
detector, which is geometrically connected with tfvia td = trdll. We 
therefore describe the interference patterns that we obtained in 
terms of a free evolution for a time td-

For a set of separations dbetween the detector and the double slit, 
we obtained the atomic distribution patterns shown in Fig. 3. In 
Fig. 3a (d = 148 mm), one can recognize the diffraction of atoms 
from the individual slits with a rectangular transmission function. 
For the velocity distribution in the atomic beam, the range of 
evolution times td is sufficiently large that the detector is located in 
the far field for diffraction from the single slits; the side lobes 
corresponding to the first diffract ion order can be recognized. As the 
two wave packets overlap, interference fringes should appear, but we 
were not able to resolve the fringes with the chosen detector setup. 
The total integration time for this experiment was 14.5 h. 
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Figure 3 Distribution of atoms in the detection plane as a function of their 
velocities. This corresponds to different evolution times for a partial coherent 
manerwave packet after the double slit. a, For a separation d = 148 mm between 
detector and double slit (see Fig. 2). The diffraction pattern is determined by the 

To reconstruct the Wigner function W0, a sufficiently large range 
of mixing angles (} between position and momentum has to be 
achieved in the experiment. This is the case when the two wavelets 
(one emerging from each slit) start to overlap and form inter-
ference fringes. In the language of atom optics, interference effects 
taking place in this regime are referred to as Fresnel diffraction. 

Figure 3b shows the time-resolved diffraction pattern for a 
separation between detector and double slit of d = 248 mm; the 
integration time was 7.2 h, and the detector resolution was increased 
to 500 nm. The wave packets emerging from each slit increase in 
width and start to overlap and form interference fringes, indicating I 
the coherence between the two parts of the wavefunction. 

The corresponding time-resolved atomic distribution for 
d = l , 950 mm is shown in Fig. 3c. Given the slit separation of I 
8 J..Lm, the Fraunhofer diffraction limit is reached for the slow atoms. 
The wave packets emerging from the individual slits overlap almost I 
completely, and the interference fringes are most clearly observed. 
In this configuration, a is now 1,052 mm, differing from the near- I 
field experiments; this change is due to the requirements of the 
apparatus. To compensate for the small atom flux seen by the 
detector because of its large separation from the source, we had to 
extend the integration time in this experiment to 49 h. 

Reconstruction of the Wigner function 
The transformation algorithm used to reconstruct the prepared 
Wigner function is similar to that described in ref. 18. Free evolution 
of the particle for a time td leads to a corresponding position 
distribution P(X, td), which is connected with a rotated marginal 
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diffraction from the single slits. b, For the transition regime atd = 248 mm. Partial Figure 4 a, Reconstructed Wigner function W(x,p ) of the investigated atomic 
waves from both slits start to interfere. c, For a separation d = 1 ,950mm (far field). ensemble, obtained from the experimental distribution shown in Fig. 3b using the 
The interference orders are clearly separated, and their separation grows linearly inverse Radon transformation13•18 b, Reconstruction of W(x,p) from the numerical 
with the evolution time. distribution in Fig. 1. 
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velocities. This corresponds to different evolution times for a partial coherent 
manerwave packet after the double slit. a, For a separation d = 148 mm between 
detector and double slit (see Fig. 2). The diffraction pattern is determined by the 
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Flight times versus position on a “screen” for helium atoms passing 
through a “Young’s Double Slit” setup for three different distances.

distance=148 mm distance=248 mm distance=1950 mm


