
 

AEgIS on track to test freefall of antimatter
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The AEgIS experiment is built around two powerful superconducting solenoids.
Credit: CERN

It's a fundamental law of physics that even the most ardent science-
phobe can define: matter falls down under gravity. But what about
antimatter, which has the same mass but opposite electrical charge and
spin? According to Einstein's general theory of relativity, gravity should
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treat matter and antimatter identically. Finding even the slightest
difference in their free-fall rate would therefore lead to a revolution in
our understanding. While the free fall of matter has been measured with
an accuracy of around one part in 100 trillion, no direct measurement for
antimatter has yet been performed due to the difficulty in producing and
containing large quantities of it.

In a paper recently published in the journal Nature Communications
Physics, the AEgIS collaboration at CERN's Antiproton Decelerator
(AD) reports a major milestone towards this goal. Using new techniques
developed in 2018, the team demonstrated pulsed production of 
antihydrogen atoms, which allows the time at which the antiatoms are
formed to be pinned down with high accuracy.

"This is the first time that pulsed formation of antihydrogen has been
established on timescales that open the door to simultaneous
manipulation, by lasers or external fields, of the formed atoms, as well as
to the possibility of applying the same method to pulsed formation of
other antiprotonic atoms," says AEgIS spokesperson Michael Doser of
CERN. "Knowing the moment of antihydrogen formation is a powerful
tool."

CERN is the only place in the world where antihydrogen can be
produced and studied in detail. Antihydrogen is an ideal system in which
to test the gravitational free fall and other fundamental properties of
antimatter because it has a long lifetime and is electrically neutral. The
first production of low-energy antihydrogen, reported in 2002 by the
ATHENA and ATRAP collaborations at the AD, involved the "three-
body" recombination of clouds of antiprotons and positrons. Since then,
steady progress by the AD's ALPHA collaboration in producing,
manipulating and trapping ever larger quantities of antihydrogen has
enabled spectroscopic and other properties of antimatter to be
determined in exquisite detail.

2/4

https://phys.org/tags/antihydrogen/


 

Whereas three-body recombination results in an almost continuous
antihydrogen source, in which it is not possible to tag the time of the
antiatom formation, AEgIS has employed an alternative "charge-
exchange" process whereby the formation of antihydrogen atoms is
triggered by a precise laser pulse. This allows the time at which 90% of
the atoms are produced to be determined with an uncertainty of around
100 ns.

Several further steps are required before AEgIS can measure the
influence of gravity on antimatter, including the formation of a pulsed
beam, greater quantities of antihydrogen, and the ability to make it
colder. "With only three months of beam time this year, and lots of new
equipment to commission, most likely 2022 will be the year in which we
establish pulsed-beam formation, which is a prerequisite for us to
perform a gravity measurement," explains Doser.

Following a proof-of-principle measurement by the ALPHA
collaboration in 2013, ALPHA, AEgIS and a third AD experiment called
GBAR are all planning to measure the free fall of antiatoms at the 1%
level in the coming years. Each uses different techniques, and all three
have recently been hooked up to the new ELENA synchrotron, which
enables the production of very low-energy antiprotons.

Given that most of the mass of antinuclei comes from the strong force
that binds quarks together, physicists think it unlikely that antimatter
experiences an opposite gravitational force to matter. Nevertheless,
precise measurements of the free fall of antiatoms could reveal subtle
differences that would open an important crack in our current
understanding.

  More information: Claude Amsler et al. Pulsed production of
antihydrogen, Communications Physics (2021). DOI:
10.1038/s42005-020-00494-z
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