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Collective Properties of Nanomagnet Arrays; Electric and Magnetic Currents in Artificial Spin Ice1
WILL BRANFORD, Department of Physics, Blackett Laboratory, Imperial College London, London SW72AZ, UK and
London Centre for Nanotechnology
I will discuss arrays of single domain nanomagnets. The shape of each nanomagnets controls the magnetic anisotropy and
the elements are closely spaced so dipolar interactions are important. Lattices are chosen such that the geometry prevents
all dipole interactions from being satisﬁed. The building block of such frustrated lattices is the equilateral triangle because
it cannot support simple antiparallel ordering. A two dimensional array of corner sharing triangles is known as the kagome
lattice and a three-dimensional array of corner sharing tetrahedral is known as pyrochlore. Magnetic pyrochlore chemical
compounds (spin ices) have recently attracted much attention with the observation of emergent magnetic monopoles, but
they have limitations as model frustrated systems: tuning the lattice parameter by chemical doping tends to break the
symmetry, speciﬁc defects cannot be engineered and the spins cannot be directly imaged. The use of frustrated artiﬁcial
nanostructures overcomes these problems through the tremendous versatility in array fabrication and compatibility with a
suite of magnetic imaging techniques. Here I will show direct magnetic imaging studies of monopole defects [1-2] and magnetic
charge ﬂow. [3-4] The magnetic charge is carried by transverse domain walls and the chirality of the domain wall is found to
control the direction of propagation. In addition to magnetic imaging studies of the magnetization state, I will also present
magnetoresistance and Hall eﬀect measurements. These techniques probe the array as a whole and can be very sensitive
to the details of the spin structure. A change in symmetry in the Hall response of connected honeycomb nanostructures is
observed at low temperatures indicating a collective response of the array of nanomagnets. [5]
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