
 

Scientists cool positronium to near absolute
zero for antimatter research
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This eerie green glow comes from the amplification of laser light used to cool
positronium. Credit: 2024 Yoshioka et al. CC-BY-ND

Most atoms are made from positively charged protons, neutral neutrons
and negatively charged electrons. Positronium is an exotic atom
composed of a single negative electron and a positively charged
antimatter positron. It is naturally very short-lived, but researchers
including those from the University of Tokyo successfully cooled and
slowed down samples of positronium using carefully tuned lasers.

The findings are published in the journal Nature. They hope this
research will help others explore exotic forms of matter, and that such
research might unlock the secrets of antimatter.

Some of our universe is missing. You may have heard such a bizarre
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statement if you've read much about cosmology in the last few decades.
The reason scientists say this is because almost all the stuff we see in the
universe is made from matter, including you and the planet you're
standing on.

However, for a long time we've known about antimatter, which, as the
name suggests, is sort of the opposite of regular matter, in that antimatter
particles share the same mass and other properties of their matter
counterparts, but have an opposite charge. When matter and antimatter
particles collide, they annihilate, and it's widely believed they were
created in equal amounts at the dawn of time. But that's not what we see
now.

"Modern physics only accounts for a part of the total energy of the
universe. The study of antimatter might help us account for this
discrepancy, and we've just taken a big step in this direction with our
latest research," said Associate Professor Kosuke Yoshioka from the
Photon Science Center.

"We have successfully slowed and cooled down exotic atoms of 
positronium, which is 50% antimatter. This means that, for the first
time, it can be explored in ways previously impossible, and that will
necessarily include a deeper study of antimatter."
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To make positronium, you first need positrons, which are made in a particle
accelerator. This apparatus is where positrons from the accelerator are collected
to combine with electrons to form positronium. Credit: 2024 Yoshioka et al. CC-
BY-ND
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Some of the team members at the High Energy Accelerator Research
Organization (KEK) in eastern Japan. Credit: 2024 Yoshioka et al. CC-BY-ND

Positronium sounds like something straight out of science fiction, and
despite being very short-lived, it is very much a real thing. Think of it
like the familiar atom hydrogen, with its central, positively charged and
relatively large proton and tiny, negatively charged electron in orbit,
except you swap the proton for the antimatter version of the electron, the
positron.

This yields an exotic atom which is electrically neutral but doesn't have a
large nucleus; instead the electron and positron exist in mutual orbit,
making it a two-body system.
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Even hydrogen is a multibody system, as a proton is really three smaller
particles, called quarks, stuck together. And because positronium is a
two-body system, it can be completely described by traditional
mathematical and physical theories, making it ideal to test predictions
with extreme accuracy.

"For researchers like us, involved in what is called precision
spectroscopy, being able to precisely examine the properties of cooled
positronium means we can compare them with precise theoretical
calculations of its properties," said Yoshioka.

"Positronium is one of the few atoms made up entirely of only two
elementary particles, which allows for such exact calculations. The idea
of cooling positronium has been around for around 30 years, but a casual
comment by undergraduate student Kenji Shu, who is now an assistant
professor in my group, prompted me to take on the challenge of
achieving it, and we finally did."
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Artist's impression of positronium being instantaneously cooled in a vacuum by a
series of laser pulses with rapidly varying wavelengths. Credit: 2024 Yoshioka et
al. CC-BY-ND

Yoshioka and his team had several difficulties to overcome when trying
to cool positronium. Firstly, there is the issue of its short life: one-ten
millionth of a second. Secondly, there is its extreme light mass. As it's so
lightweight, you can't use a cold physical surface or other substance to
cool positronium down, so the team used lasers.
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You may think lasers are very hot, but really, they are just packets of
light, and it's the way the light is used that determines the physical
impact it has on something. In this case, a weak and finely tuned laser
gently pushes against a positronium atom in the opposite direction to its
movement, slowing it down and cooling it in the process.

Doing this repeatedly and in as little as one-ten millionth of a second
cooled portions of positronium gas down to about 1 degree above
absolute zero (-273 degrees Celsius), the coldest anything can get. Given
positronium gas is at 600 Kelvin, or 327 degrees Celsius, before cooling,
this is quite a dramatic change in such a short space of time.

"Our computer simulations based on theoretical models suggest that the
positronium gas might be even colder than we can currently measure in
our experiments. This implies that our unique cooling laser is very
effective at reducing the temperature of positronium and the concept can
hopefully help researchers study other exotic atoms," said Yoshioka.

"This experiment used a laser in just one dimension, however, and if we
utilize all three, we can measure the properties of positronium even more
precisely. These experiments will be significant because we may be able
to study the effect of gravity on antimatter. If antimatter behaves
differently to regular matter due to gravity, it could help explain why
some of our universe is missing."

  More information: Kosuke Yoshioka, Cooling positronium to
ultralow velocities with a chirped laser pulse train, Nature (2024). DOI:
10.1038/s41586-024-07912-0. 
www.nature.com/articles/s41586-024-07912-0

Provided by University of Tokyo

7/8

https://phys.org/tags/computer+simulations/
https://phys.org/tags/theoretical+models/
https://dx.doi.org/10.1038/s41586-024-07912-0
https://dx.doi.org/10.1038/s41586-024-07912-0
https://www.nature.com/articles/s41586-024-07912-0


 

Citation: Scientists cool positronium to near absolute zero for antimatter research (2024,
September 11) retrieved 11 September 2024 from https://phys.org/news/2024-09-scientists-cool-
positronium-absolute-antimatter.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

8/8

https://phys.org/news/2024-09-scientists-cool-positronium-absolute-antimatter.html
https://phys.org/news/2024-09-scientists-cool-positronium-absolute-antimatter.html
http://www.tcpdf.org

