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A visual representation of the Lie group E8. Image: Claudio Rocchini. (http://en.wikipedia.org/wiki/File:E8 graph.svq)

A complex symmetric structure known as the exceptional Lie group E8, which has so far only
existed in the minds of mathematicians, seems to have turned up in real life for the first
time. Physicists from the UK and Germany have conducted an experiment which involved
cooling a crystal made of cobalt and niobium to near absolute zero and then applying a
magnetic field. As they increased the strength of the magnetic field to a critical value,
spontaneous patterns appeared in the configuration of electrons in the crystal, and these
patterns carried the tell-tale signature of E8. The result has been published in the journal
Science (http://www.sciencemag.org) .

That E8 should be implicated in the behaviour of such systems had been predicted by the
physicist Alexander Zamolodchikov in 1988. This result gives the first experimental
confirmation of his prediction, and may also be our first glimpse of the complex symmetries
that underlie the quantum world.

But it will also intrigue physicists for another reason. In the 1970s the symmetric structure
of E8 appeared in connection with string theory, one of the prime candidates for a theory of
everything, which unifies the disparate strands of physics into one elegant mathematical
theory. Then, in 2007 Garrett Lisi, surfer by day and freelance physicist by night, postulated
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a new theory of everything, based entirely on the mathematical structures of E8. While this
new result does not provide any further evidence for either string theory or Lisi's theory, it's
nice to know that the enigmatic E8 has finally appeared in nature.

So what exactly is E8? Many geometric shapes exhibit rotational symmetries. The square, for
example, can be rotated around its centre point, clockwise or anti-clockwise, through
multiples of 90° without changing its appearance. Together these rotational symmetries of
the square form a self-contained system. Follow one rotation by another, for example a 90°
clockwise rotation by a 180° anti-clockwise rotation, and the result is also a rotational
symmetry, in this case an anti-clockwise rotation through 90°. What's more, you can "undo"
each rotational symmetry by another rotational symmetry, rotating through the same angle
but in the opposite direction.

Snowflakes have rotational symmetry.

Collections of symmetries which behave in this self-contained way (and obey a couple of
additional rules) are known as symmetry groups. Every geometric shape comes with a
symmetry group containing all its symmetries. But some objects are more symmetric than
others: while you can only rotate a square through multiples of 90° without changing its
appearance, a circle can be rotated around its centre through any degree without changing
its appearance. In the case of a circle, the symmetry group is continuous: if you label all the
rotational symmetries by their angle and then line the angles up in order, they merge to
form a continuous line. Informally, a Lie group, of which E8 is an example, is a continuous
symmetry group, akin to a group of rotations.

Lie groups are also associated with higher-dimensional objects; in three dimensions the
sphere obviously gives rise to continuous groups of symmetries, as do other round objects
like the cylinder or the cone. There are infinitely many different Lie groups and most of them
are well-understood, except for a collection of exceptional Lie groups. Of these, the group ES8
is the most complicated. The geometric object it is associated with has 57 dimensions.

But the researchers behind the new experiment did not need to resort to a 57-dimensional
object to find evidence of E8 symmetry. Instead, Radu Coldea
(http://www.phy.bris.ac.uk/people/coldea r/index.html) of the University of Oxford and his colleagues,
from Oxford, Bristol University, the ISIS Rutherford Laboratory and the Helmholtz Zentrum
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Berlin, looked at the atoms within their chilled crystal, which line up in long chains. The
electrons attached to the atoms have a quantum property called spin, which is related to
their electric charge. Effectively, each electron behaves like a tiny bar magnet, which can
point either up or down.

Electrons in the experiment behaved like tiny bar magnets.

When a magnetic field is applied from the right direction, it can cause the orientations of the
spins to spontaneously flip between up and down. At a critical value of the strength of the
field — 5.5 Tesla — these fluctuations break down the magnetic order of the material. Such a
sudden change is called a phase transition, and the point at which it happens is called a
qguantum critical point. At this point, you might expect to see nothing but randomness in the
spin fluctuations, as order is being destroyed. But remarkably, what the researchers did see
as they cranked the strength of the field up towards 5.5T, was the spins ordering themselves
into particular patterns. Computing the ratio between energies linked to these patterns, the
researchers found another usual mathematical suspect: the golden ratio 1.618... , which has
intrigued mathematicians and artists since ancient times. And this, according to
Zamolodchikov's 1988 theory, is a sign that the underlying quantum processes follow
mathematical relationships that are encoded by the E8 symmetry group.

Radu believes that this discovery has wider implications for quantum physics. "The results
suggest that similar hidden symmetries may also govern the physics of other materials near
qguantum critical points where electrons organise themselves according to quantum rules for
strong interactions," he said.

Whether or not E8 really turns out to be the key to a fundamental understanding of the
Universe remains to be seen, but even if its appearance in the lab is just a red herring, it
certainly is a beautiful one.

Further reading

e Find out more about E8 in the Plus article Solving symmetry (/latestnews/jan-
apr07/liegroups/index.html)

e For more about the role of symmetry in physics read the Plus article Symmetry rules
(/issue38/features/livio/index.html)

e The Plus article In a spin (/issue22/features/spin/index.html) explores electron spin
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