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In the 1930s Einstein, Podolsky, and Rosen (EPR) [1] initiated a fervent discussion about quantum
mechanics by challenging its discrepancy with classical understanding of reality and thus stressed
guantum mechanics relevance even to philosophy. After Bell’s seminal paper [2], multiple experiments
have verified the validity of quantum mechanics. However, most experiments up to date discussed and
discuss the problem in terms of the spin-formalism of Aharanov and Bohm [3]. More closely linked to
the original EPR Gedankenexperiment, we plan on investigating the entanglement of matter waves
created by a Four-Wave-Mixing (FWM) process in a Bose-Einstein-Condensate (BEC) [4].
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Figure 1. Images of a) uncollimated and b) collimated atomic beam of an atomic beam of metastable
helium. The atomic beam is collimated in two dimensions to increase the flux in the cryogenic beamline.
Images are taken with an EMCCD detecting the fluoresecent light, reemitted by the atoms resonant
with a light sheet at 389nm. After collimation the beam is 25fold as bright as the uncollimated beam.

To address this problem of momentum entangled particles, we will make use of the high single atom
detection efficiency of metastable helium at a Micro Channel Plate (MCP). The high internal engery of
the atoms eject electrons at the plate and make them individually detectable, a necessary requirement
to show their entanglement. To prepare the state, we will start with indistinguishable particles in a BEC
and subsequently have them collide in a FWM process.
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Figure 2. Velocity distribution of atoms after the Zeeman slower. Without slowing (blue dots) the atoms
have a most probable velocity of about 900m/s. The first Zeeman slower section slows the atoms to
about 350 m/s (purple dots). After the second section essentially all atoms are slowed to less than
100m/s (green dots). Due to transversal heating the atomic beam spreads and the signal decreases in
strength.

On the way to achieve this we have realized a source for an atomic beam of metastable helium which is
then collimated (fig. 1) and slowed down (fig. 2) to be eventually trapped. The system will now be
extended to implement a Magneto-Optical Trap (MOT) and magnetic trap, which lead the way ultracold
atoms in the degenerated state of a BEC.
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