
 

Quantum mechanics: entanglements in
ultracold atomic clouds

June 27 2018

A system's state is characterised as entangled or quantum correlated if
two or more particles cannot be described as a combination of separate,
independent states but only as a whole. Researchers at the Kirchhoff
Institute for Physics of Heidelberg University recently succeeded in
verifying so-called non-local quantum correlations between ultracold
clouds of rubidium atoms. Under the direction of Prof. Dr. Markus
Oberthaler und Prof. Dr. Thomas Gasenzer, the researchers were able to
gain important new insights into the character of quantum mechanical
many-body systems.

The correlations that the theory of quantum mechanics predicts are
counter-intuitive. These quantum correlations seem to contradict the
Heisenberg uncertainty principle, which states that two properties of an
object, such as position and speed, can never be precisely determined at
the same time. In quantum mechanical systems, however, two particles
can be prepared so as to accurately predict the position of particle two by
localising the position of particle one. Similarly, measuring the speed of
one particle allows predicting the speed of the other. "In this case, the
position and speed of particle two do need to be precisely determined
prior to measurement," says Prof. Oberthaler. "The measurement result
for particle one cannot be immediately present at particle two's position
if the two are spatially separate."

The uncertainty principle actually does not support this simultaneous
determination of position and speed. But in quantum mechanics, two
objects are not considered separate if they are correlated, i.e., entangled,
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hence resolving the apparent contradiction. "If we can prove that
measurement results of different observables in one system can actually
be predicted by measuring a second, remote system, then we can use this
evidence to substantiate entanglement as well – and that's exactly what
we did in our experiment," says Philipp Kunkel, the study's primary
author.

In their experiment, the researchers used a cloud of approximately
11,000 rubidium atoms, which they cooled to extremely low
temperatures. Using laser light, they kept the atoms suspended in a
vacuum chamber, which allowed them to exclude any disturbing effects,
such as collisions with air molecules. Because quantum effects are
detectable only at very low temperatures, working with ultracold atoms
is required. Like when measuring position and speed, these extreme
conditions allow the internal state of the particles, often called spin, to be
measured as well. "By measuring the spin in one half of the cloud, we
were able to predict the spin in the other more accurately than the local 
uncertainty principle would allow," explains Philipp Kunkel.

The characterisation of quantum mechanical many-body systems is
important for future applications such as quantum computers and 
quantum communication, among others. The most recent Heidelberg
research results were published in Science.

  More information: Philipp Kunkel et al. Spatially distributed
multipartite entanglement enables EPR steering of atomic clouds, 
Science (2018). DOI: 10.1126/science.aao2254
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