
 

Scientists create highly ordered artificial spin
ice using nanotechnology
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(PhysOrg.com) -- An international team of researchers has succeeded in
creating artificial spin ice in a state of thermal equilibrium for the first
time, allowing them to examine the precise configuration of this
important nanomaterial.

Scientists from the University of Leeds, the US Department of Energy's
Brookhaven National Laboratory and the UK Science and Technology
Facilities Council's Rutherford Appleton Laboratory say the
breakthrough will allow them to study in much greater detail a scientific
phenomenon known as 'magnetic monopoles', which are thought to exist
in such structures. Their findings are published today in the journal 
Nature Physics.
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Artificial spin ice is built using nanotechnology and is made up of
millions of tiny magnets, each thousands of times smaller than a grain of
sand. The magnets exist in a lattice in what is known as a 'frustrated'
structure. Like water ice, the geometry of the structure means that all of
the interactions between the atoms cannot be satisfied at the same time.

"It's like trying to seat alternating male and female diners around a table
with an odd number of seats – however much you re-arrange them you
will never succeed," said Dr Christopher Marrows from the University
of Leeds, co-author of the paper.

In spin ice, magnetic dipoles with a north and south pole are arranged in
tetrahedron structures. Each dipole has magnetic moments, similar to the
protons on H2O molecules in water ice, which attract and repel each
other. Consequently, the dipoles arrange themselves into the lowest
possible energy state, which is two poles pointing in and two pointing
out.

Dr Marrows said: "Spin ices have created a lot of excitement in recent
years as it has been realised that they are a playground for physicists
studying magnetic monopole excitations and Dirac string physics in the
solid state. However, until now all of the samples of these artificial
structures created in the lab have been what we call 'jammed'.

"What we have done is find a way to un-jam spin ice and get it into a
well-ordered ground state known as thermal equilibrium. We can then
freeze a sample into this state, and use a microscope to see which way all
the little magnets are pointing. It's the equivalent of being able take a
picture of every atom in a room as it allows us to inspect exactly how the
structure is configured."

Jason Morgan, PhD student at the University of Leeds and lead author of
the paper, was the first member of the team to observe the sample in
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equilibrium. He said: "Getting the sample to self-order in such a way has
never been achieved experimentally before and for a while had been
considered impossible. But when we looked at the sample using
magnetic force microscopy and saw this beautiful periodic structure we
knew instantly that we had achieved an ordered ground state."

The researchers have also been able to observe individual excitations out
of this ground state within their sample, which they say is evidence for
monopole dynamics within the lattice.

Magnetic monopoles – magnets with only a single north or south pole
¬¬– are former hypothetical particles that are now thought to exist in
spin ice. There is hope among scientists that understanding these
monopoles in more detail could lead to advances in a novel technology
field known as 'magnetricity' – a magnetic equivalent to electricity.

Co-author Sean Langridge, a Science and Technology Facilities Council
(STFC) Fellow and visiting Professor at the University of Leeds, added:
"In the naturally occurring spin-ice systems this ground state is predicted
but has not been experimentally observed.

"Now that is has been observed in an artificial system the next step is to
observe dynamically the excitations from this ground state. We can only
do this by controlling the interactions with state of the art lithographic
techniques. This level of control will provide an even greater level of
understanding in this fascinating system."

The team created "artificial" spin ice samples at Brookhaven using a
state-of-the-art nanotechnology tool called an electron beam writer. A
similar £4 million facility is shortly to be opened at the University of
Leeds which will be unique to the UK and will allow continued
collaboration with the researchers at Brookhaven.
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  More information: The paper, entitled 'Thermal Ground State
Ordering and Elementary Excitations in Artificial Magnetic Square Ice'
is published online today in the journal Nature Physics 
dx.doi.org/10.1038/NPHYS1853
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