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The quantum fridge

February 1 2016

Bernhard Rauer in the lab at TU Wien

When cold milk is poured into a hot cup of tea, a temperature
equilibrium is reached very quickly. The milk droplets and the tea
particles interact, and after a few moments they all have the same
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average energy. This process is called thermalization. It plays a crucial
role in cooling down gases to ultra-low temperatures. But surprisingly,
even gases for which this effect is suppressed can be cooled. Scientists at
TU Wien (Vienna) took a closer look at this phenomenon and found a
special quantum-mechanical kind of cooling at work.

Kicking out hot particles

"The particles that make up a liquid or a gas have different energies",
says Professor Jorg Schmiedmayer (TU Wien). The distribution of these
energies depends on the temperature. The hotter the gas, the higher the
number of particles with high energies. Therefore, a simple trick can be
used to cool down cold gases: with the help of electromagnetic fields, the
particles with the highest energy are removed from the gas. The
remaining ones interact, redistribute the energy, and the gas relaxes again
to a typical energy distribution—but at a slightly lower temperature than
before.

"It 1s a bit like blowing on your tea in order to cool it", says Bernhard
Rauer, who led the experiments in Schmiedmayer's research group. "The
particles with the highest energy manage to leave the liquid and are
blown away. The remaining tea quickly reaches an equilibrium state at a
slightly lower temperature."

However, there are cases, in which reaching such a thermal equilibrium
is not possible. A Newton's cradle for example is a device that has
several spheres hanging from strings, arranged in a straight line. When
one of the spheres is set in motion and hits the others, the last sphere in
line 1s kicked away, while the others do not move. "In this case, the
spheres can only exchange energies between each other. There will never
be a thermal distribution of many different energies", says Bernhard
Rauer.
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Rauer studied a similar system: a one dimensional gas of atoms, kept in a
straight line by an electromagnetic trap. The atoms can just exchange
their energies, just like the spheres in Newton's cradle. Therefore, one
would expect the cooling mechanism of removing the most energetic
particles to fail in this case. When the fastest particles are gone, no other
particles in the gas will ever have the same speed again. According to
this simple model, an energy that is missing will be gone forever.

Astonishingly, this is not true for the one-dimensional gas. It can be
cooled down by continuously removing particles—to much lower
energies than one would expect, according, to the simplified picture of
fast and slow particles.

It's a wave!

The reason for this effect is that the particles can only be understood
quantum mechanically. "We should not think of individual particles
colliding like the spheres in Newton's cradle. Instead, we have to
consider collective excitations, which are distributed across many
particles — like a water wave, which is carried by many water molecules
at the same time", says Jorg Schmiedmayer. These quantum waves store
the energy of the system, and the more particles that are removed from
the gas, the less intense these waves become. This is a quantum
mechanical cooling mechanism which should be impossible according to
simple classical laws of nature.

"For us it is crucial that the gas behaves more and more quantum
mechanically at low temperatures”, says Jorg Schmiedmayer. "That is
exciting, because that is precisely what we are interested in: often
quantum physics is studied in simple systems, consisting only of a few
particles, such as an atom with a few electrons. We have a system which
undeniably exhibits quantum behaviour, and it is made of thousands of
atoms."
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More information: B. Rauer et al. Cooling of a One-Dimensional
Bose Gas, Physical Review Letters (2016). DOI:
10.1103/PhysRevl ett.116.030402 , arxiv.org/abs/1505.04747
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