
 

Making long-lived positronium atoms for
antimatter gravity experiments
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The experimental set-up used by the AEgIS collaboration to make long-lived
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positronium. Credit: Ruggero Caravita/CER

The universe is almost devoid of antimatter, and physicists haven't yet
figured out why. Discovering any slight difference between the
behaviour of antimatter and matter in Earth's gravitational field could
shed light on this question. Positronium atoms, which consist of an
electron and a positron, are one type of antimatter atoms being
considered to test whether antimatter falls at the same rate as matter in
Earth's gravitational field. But they are short-lived, lasting a mere 142
nanoseconds – too little to perform an antimatter gravity experiment.
Researchers are therefore actively seeking tricks to make sources of
positronium atoms that live longer. In a paper published today in the
journal Physical Review A, the AEgIS collaboration at CERN describes a
new way of making long-lived positronium.

To be useful for antimatter gravity experiments, a source of positronium
atoms needs to produce long-lived atoms in large numbers, and with
known velocities that can be controlled and are unaffected by
disturbances such as electric and magnetic fields. The new AEgIS source
ticks all of these boxes, producing some 80 000 positronium atoms per
minute that last 1140 nanoseconds each and have a known velocity
(between 70 and 120 kilometres per second) that can be controlled with
a high precision (10 kilometres per second).

The trick? Using a special positron-to-positronium converter to produce
the atoms and a single flash of ultraviolet laser light that kills two birds
with one stone. The laser brings the atoms from the lowest-energy
electronic state to a long-lived higher-energy state and can select among
all of the atoms only those with a certain velocity.

This is not the first time that researchers have produced a source of long-
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lived positronium atoms. There are other techniques that do so, including
one that involves bringing the atoms to electronic states called Rydberg
states, and which could also be used to perform gravity experiments with
positronium. But all of these are very sensitive to electric and magnetic
fields, which influence the atoms' velocity and would need to be factored
into future gravity measurements. The new method devised by AEgIS is
"cleaner," in that it is almost insensitive to these fields.

The next step on the long path to measuring the effect of gravity on
positronium with the new AEgIS source (the AEgIS team and other
CERN collaborations mainly plan to take measurements with
antihydrogen atoms) will be to confirm that the atoms produced are
electrically neutral. CERN's accelerator complex is currently shut down
for a major two-year upgrade programme, so most experiments at the
Laboratory, which require a beam of protons, have ceased to operate
during this period. An advantage of this positronium experiment is that it
doesn't require protons, so it can continue to be operated during the
shutdown.

  More information: C. Amsler et al. Velocity-selected production of
2S3 metastable positronium, Physical Review A (2019). DOI:
10.1103/PhysRevA.99.033405

Provided by CERN

Citation: Making long-lived positronium atoms for antimatter gravity experiments (2019, March
6) retrieved 23 April 2024 from
https://phys.org/news/2019-03-long-lived-positronium-atoms-antimatter-gravity.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)

3/3

https://phys.org/tags/gravity/
https://phys.org/tags/atoms/
http://dx.doi.org/10.1103/PhysRevA.99.033405
http://dx.doi.org/10.1103/PhysRevA.99.033405
https://phys.org/news/2019-03-long-lived-positronium-atoms-antimatter-gravity.html
http://www.tcpdf.org

