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Nonlocal entanglement between pair-correlated particles is a highly counter-intuitive aspect of quantum me-
chanics. While the rigorous Bell’s inequality framework has enabled the demonstration of such entanglement
in photons and atomic internal states, no experiment has yet involved motional states of massive particles.
Here we report the experimental observation of Bell correlations in motional states of momentum-entangled
ultracold helium atoms, with entanglement generated via s-wave collisions. Using a Rarity-Tapster interfer-
ometer and a Bell-test framework, we observe atom-atom correlations sufficient to violate a Bell inequality. A
theoretical proposal is also discussed for how this system could be extended to an entangled state of different
mass atoms generated between 3Heand 4He collisions. This would potentially open new avenues for studying
gravitational effects in quantum states.
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