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Micro-fridge research paves the way to
quantum entanglement with large objects

August 25 2022
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Sympathetic cooling scheme and numerical simulations. (a) Optical binding
couples the center-of-mass motion of two microspheres (depicted as a spring
between the particles). When feedback cooling is applied to the left particle, the
right particle 1s sympathetically cooled. (b), (c¢) Time evolution of simulated
center-of-mass temperatures ?; (solid lines) and ?, (dashed lines) for the
feedback-cooled and sympathetically cooled particle, respectively, versus gas
pressure for (b) 2/7=0.015/x=0.01 and (c) ?/?=0.1E/x=0.1. (d) Simulated steady-
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state temperatures ?; (blue) and ?, (red) as a function of gas pressure for
different binding strengths. Credit: Optica (2022). DOI:
10.1364/OPTICA.466337

A team of international researchers, including scientists from the
University of St Andrews, has created a micro-refrigerator the size of a
blood cell to cool adjacent objects, which could have major applications
in quantum technologies.

This research, published in the journal Opfica, could help address the
long-standing open question in physics—why mysterious quantum
effects that govern the behavior of atoms and molecules are not seen on
an everyday scale.

Quantum mechanics describes the behavior of exceptionally small
objects at very low temperatures. Among the remarkable effects of
quantum mechanics is quantum entanglement.

Referred to by Einstein as "spooky action at a distance," this effect
couples the destiny of separated objects: performing a measurement of
one object instantaneously tells you the result of the same measurement
on the other object, even if it is exceptionally far away. This is behind
the current drive to realize quantum computers and quantum-based
encryption.

To see entanglement between two objects, they first need to be in the
quantum regime. This means they need to be incredibly cold—and the
bigger the object, the colder it must be. For this reason, entanglement
has only ever been demonstrated with exceptionally small and cold
objects, such as small clouds of atoms or molecules. Entanglement of
everyday objects remains in the realm of science fiction.
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https://phys.org/tags/quantum+entanglement/

PHYS 19X

However, in an important step towards this goal, an international team of
researchers from Scotland, Australia, U.S. and the Czech Republic have
now developed a way to allow two or more glass beads, each the size of a
red blood cell, to be cooled to temperatures colder than the depths of
outer space.

For objects this size, the speed of their motion is related to their
temperature, so slowing an object down is effectively cooling it. The
team used lasers to cool one of the beads, which then acted as a
refrigerator for an additional bead. They achieved this by using light
scattering between the beads to couple their motion. Reducing the
temperature of the laser-cooled refrigerator cooled the other beads to
less than one degree above absolute zero—the coldest temperature
achievable in the universe and almost 300 degrees cooler than a warm
day.

Dr. Yoshihiko Arita, research fellow in the University's School of
Physics and Astronomy and the first author of the study, said, "This
experiment shows a new path by which we may cool two or more
objects. It is exciting that the approach is compatible with many current
experiments in the field and it offers a potential route to seeing
entanglement in objects that are at the edge of what we can see with the
naked eye."

Professor Kishan Dholakia from the School of Physics and Astronomy
and the University of Adelaide, who supervised the research, said,
"Levitated particles are poised to offer a paradigm shift for terrestrial
sensing of fundamental forces and quantum physics. They could even
lead to table-top sensors of gravitational waves. This work will inspire
researchers to explore the merit of multiple particles for a range of
studies in this burgeoning area."

More information: Y. Arita et al, All-optical sub-Kelvin sympathetic
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cooling of a levitated microsphere in vacuum, Optica (2022). DOL:
10.1364/OPTICA.466337
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