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Electron is surprisingly round, say scientists
following 10 year study

May 25 2011

Schematic diagram of the pulsed molecular beam apparatus. Image: Nature,
doi:10.1038/nature 10104

(PhysOrg.com) -- Scientists at Imperial College London have made the
most accurate measurement yet of the shape of the humble electron,
finding that it is almost a perfect sphere, in a study published in the
journal Nature today.

The experiment, which spanned more than a decade, suggests that the
electron differs from being perfectly round by less than
0.000000000000000000000000001 cm. This means that if the electron
was magnified to the size of the solar system, it would still appear
spherical to within the width of a human hair.

The physicists from Imperial's Centre for Cold Matter studied the
electrons inside molecules called Ytterbium Fluoride. Using a very
precise laser, they made careful measurements of the motion of these
electrons. If the electrons were not perfectly round then, like an
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unbalanced spinning-top, their motion would exhibit a distinctive
wobble, distorting the overall shape of the molecule. The researchers saw
no sign of such a wobble.

The researchers are now planning to measure the electron's shape even
more closely. The results of this work are important in the study of
antimatter, an elusive substance that behaves in the same way as ordinary
matter, except that it has an opposite electrical charge. For example, the
antimatter version of the negatively charged electron is the positively
charged anti-electron (also known as a positron). Understanding the
shape of the electron could help researchers understand how positrons
behave and how antimatter and matter might differ.

Research co-author, Dr Jony Hudson, from the Department of Physics at
Imperial College London, said, "We're really pleased that we've been
able to improve our knowledge of one of the basic building blocks of
matter. It's been a very difficult measurement to make, but this
knowledge will let us improve our theories of fundamental physics.
People are often surprised to hear that our theories of physics aren't
'finished', but in truth they get constantly refined and improved by
making ever more accurate measurements like this one."

The currently accepted laws of physics say that the Big Bang created as
much antimatter as ordinary matter. However, since antimatter was first
envisaged by Nobel Prize-winning scientist Paul Dirac in 1928, it has
only been found in minute amounts from sources such as cosmic rays
and some radioactive substances.

Imperial's Centre for Cold Matter aims to explain this lack of antimatter
by searching for tiny differences between the behaviour of matter and
antimatter that no-one has yet observed. Had the researchers found that
electrons are not round it would have provided proof that the behaviour
of antimatter and matter differ more than physicists previously thought.
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This, they say, could explain how all the antimatter disappeared from the
universe, leaving only ordinary matter.

Professor Edward Hinds, research co-author and head of the Centre for
Cold Matter at Imperial College London, said: "The whole world is made
almost entirely of normal matter, with only tiny traces of antimatter.
Astronomers have looked right to the edge of the visible universe and
even then they see just matter, no great stashes of antimatter. Physicists
just do not know what happened to all the antimatter, but this research
can help us to confirm or rule out some of the possible explanations."

Antimatter is also studied in tiny quantities in the Large Hadron Collider
at CERN in Switzerland, where physicists hope to understand what
happened in the moments following the Big Bang and to confirm some
currently unproven fundamental theories of physics, such as
supersymmetry. Knowing whether electrons are round or egg-shaped
tests these same fundamental theories, as well as other theories of
particle physics that even the Large Hadron Collider cannot test.

To help improve their measurements of the electron's shape, the
researchers at the Centre for Cold Matter are now developing new
methods to cool their molecules to extremely low temperatures, and to
control the exact motion of the molecules. This will allow them to study
the behaviour of the embedded electrons in far greater detail than ever
before. They say the same technology could also be used to control
chemical reactions and to understand the behaviour of systems that are
too complex to simulate with a computer.

More information: Improved measurement of the shape of the
electron, Nature 473, 493—496 (26 May 2011) doi:10.1038/nature10104

www.nature.com/nature/journal/ ... ull/nature 10104.html
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The electron is predicted to be slightly aspheric, with a distortion
characterized by the electric dipole moment (EDM), de. No experiment
has ever detected this deviation. The standard model of particle physics
predicts that de is far too small to detect, being some eleven orders of
magnitude smaller than the current experimental sensitivity. However,
many extensions to the standard model naturally predict much larger
values of de that should be detectable. This makes the search for the
electron EDM a powerful way to search for new physics and constrain
the possible extensions. In particular, the popular idea that new
supersymmetric particles may exist at masses of a few hundred GeV/c2
(where c 1s the speed of light) is difficult to reconcile with the absence
of an electron EDM at the present limit of sensitivity. The size of the
EDM is also intimately related to the question of why the Universe has
so little antimatter. If the reason is that some undiscovered particle
interaction breaks the symmetry between matter and antimatter, this
should result in a measurable EDM in most models of particle physics.
Here we use cold polar molecules to measure the electron EDM at the
highest level of precision reported so far, providing a constraint on any
possible new interactions. We obtain de = (—2.4 + 5.7stat £ 1.5syst) x
107%%¢ cm, where e is the charge on the electron, which sets a new upper
limit of Idel

Citation: Electron is surprisingly round, say scientists following 10 year study (2011, May 25)
retrieved 1 May 2024 from
https://phys.org/news/2011-05-electron-surprisingly-scientists-year.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.

4/4


https://phys.org/news/2011-05-electron-surprisingly-scientists-year.html
http://www.tcpdf.org

